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THE

ENGLISH CYCLOPJIDIA,

ARTS AND SCIENCES.

PACU.

1^^ is a labiodental aspirate bearing the same relation to the other
-*- labiu-dentol aspirate V which the letters called tenue»,p, I; t, bear

to the tiudia, b, ;/, d. It occupies the sixth place in the English a« in

the Latin alphabet, thus corresponding with the digamma of the old

Greek alphabet, and the van of the Hebrew. In power and form it is

likuwist! closely related to those two letters. [Alphabet,]

The letter F is interchangeable with the other aspirates ch or h and
(A, and also with the lip-letters p and b.

1. F in Latin cotTesjwnds to h in Sjanish, as Latin formom, beau-

tifiU, Hi>auish liermotu ; Latin femina, female, Spanish heiabni; Latin

fu'jere, ily, Spanish Aiw'r. Other examples' may readily be found in a

Spanish Dictionary under the letter h. The same change prevailed

between the Latin of Koine and the Sabine dialect of that language.

2. F in Latin corresponds to th in Greek, as Latin feru, a wild

\xatA, Greek (htf. Latin fie, weep, Greek 9pf, as seen in Bfnii'os.

Indeed this interchange prevailed among the dialects of the Greek
kmguage itoelf as in ov^ap and ov6ap ; ^fjjv and 6\<fy ; ^i$u and 0Aij3w.

This buweverr seems to depend on the proximity of the letters

[ and r. (.See L.)

3. F in Latin corresponds to b in German and English, as framj-ere,

brech-en, to break
;
fraler, bruder, brother

; fa<io, buche, beech, Ac.

1. F in Kuglish and (ierman to /) in Latin, as ptUi, fell, fell (comp.

fullmonger) ; jxd, fuss, foot
;

/iwi-na-re, fechten, to fight, &c.

FABLK, Fabula in Latin, in its general sense means a fictitious

narrative, but it also means more particularly a species of didactic

composition, conjosting of a short fictitious tale incidcating a moral
truth or precept. As such it is divided into two sorts, the parable and
the apologue. The former narrates some incident, which, although it

may not have happened exactly as the narrator supposes, yet could

have happened at any time, there being nothing imixissible or

improbable in it. Of this description are many of the parables con-

tained in the Scriptiu'es, and especially in the Kew Testament, it

being a favourite mode with our Saviour of illustrating his precepts by
similitudes. When, for instance, be spoke of the master who, before

setting out on a long journey, intrusted certain talents or simis of

money to each of his three servants, he did not mean that such a fact

had occurred at any |iarticular time, though it might have occurred,

but he chose this figtu-e .is presenting the ways of God with regard to

the mental or spiritual talents he has gifted men with, an<l which he
cxiMKita them to cultivate and render usefnl in proportion to their

capacities. The second species of moral fable, called apologue, relates

facts which are evidently imtrue, and cannot have happened ; such as

.luimals, or even inanimate things, speaking, but which ser^'e as com-
larisons for the actions of men. Such was the well-known »|K)logiiu of

Menenius Agrippa, addreseed to the plebs of Rome, who h<id revolted

against the patricians, in which he told them of the various limbs of

the human Ixxly having once revolted against the belly. (Livy, ii.

d:2.) Most of the fables which are called /Esopian are apologues,

a'though some arc of the parable kind ; for example, that of .<^op
a id the villain who threw a stone at him. (Phuidnis, iii. 5.)

The apologue is one of the oldettt forms of coni])o»ition, being well

r dculated to strike the minds of men in a rude state. Homer's War
1 f the Slice and the Kroga is a composition of the nature of the
I pologue ; only l>eing exteiide<l to a considerable length, and mcluding
succession of iiicicleiitM, it is classed among the hcroico-comic poeuis,

rtliilxt the aiwilugue, or fable projierly so called, )>ointt< out only one
)iarticular incident from which it draws a moral. In the name manner,
in modem times, the ' Animali Parlanti,' or ' Court and Pailiament of
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Beasts' of Cast! must be classed among the mock epic poems, although
it may be said to consist of a series of a])ologues, e<ach pointing to
some particular error, or abuse, in the state of society, and in the
conduct of men. It is probable that the older and simpler mytho-
logical fables of the gods and heroes among the aucieuts were originally

intended by the early patriarchs or i)rie.sts to illustrate by allegory the
attributes of the Creator, the phenomena of nature, and the progress
of socuU life ; but that in course of time people lost sight of the moral,
and believed the fiction in its literal sense.

The oldest collection of fables in any European language is in

Greek prose : the fables are attributed to »Esop, but much doubt
exists as to the real author or authors of them. [^"Esopus, IN BlOG.
Drv.] Babrius wrote a metrical version of ^soi)iau fables, some of

which were used as materials for i)ro8e ver.-iiou3 of the .iEsoi)iau fables

by the media;val writers ; a few were ahvays common, and a large

addition to them was recovered by Minoidea Miiias, and published in

Paris in 1842. [Babiiius, i.v Biou. Div.] The fables called the
fables of Bidjioi or Pilpay [Pilpay, in Bioo. Div.] are derived from a
collection in the Sanscrit lajiguage, and Lokman is said to have written
fobles in Arabic ; but several of the fables attributed to the latter

appear to be the same as some of those attributed to «Esop, and it has
been supposeil tliat Lokman and J^isop were one and the same per-

sonage. [Lokma.v, in Bioo. Div.]

Among the Latins, Phajdrus, who lived under Tiberius, is the most
celebrated : he professes to have taken his subjects from vEsop. The
MS. of Phicdrus ivas not discovered before the end of the sixteenth

century. Avianus, or Avienus, who {supposing tlie two names to

mean the same individual) lived under the elder Theodosius, wrote
a collection of fables in Latin verse. ('Avienus,' Leydeu, 1731,
with a * Dissertation on the Identity of Aviauu.s and Avienus.')

Facmo of Cremona, who lived about the middle of the sixteenth
century, made a collection of ..^Jsoiiian fables, which he turned into

Latin verse, and which were published at Rome after his death in

15*54. He was accused of plagiarism, as having found a MS. of

Phicdrus in some library, and borrowed his subjects from it. The
fables and fable naiTatives of the middle ages have been well described,

and their characteristics discussed, by Jacob Grimm, in a preface to

his e<lition of ' Reinhart Kiichs,' published in 1810.

Among the original writers of fables or apologues, in the modern
languages. La Fontaine may be fairly placed at the head. Among tlie

English, Gay and Moore hav>^ written fables. The Germans have had
Leasing, Gellert, and othf , and the Si>aniarda Yriarte and Saraaniego.

Among the Itolians, Fireuzuola, Crudeli, Baldi, Capaccio, in the Itith

and 1 7th centuries, wrote chiefly translations or jxiraphrases from the

Greek and Latin fabulists. In the 18th century Pignotti, a native of

Tuscany, wrote original fables in verse, which were published at Pisfi

in 1782, and have been often reprinted since. Bertola also wrote fables

(Pavia, 1788), with an essay on fables. Luigi Fiacchi published, imder
the name of ' Clasio,' a collection of fables (Florence, 1807).

FACADE, in architecture, a French term of modem introduction

into the English language. It exj)ressea the face or front view of an
edifice, as the facade of the Louvre, or the fi^ado of St. Peter's at

Rome. Fa^side was applied originally to denote the principal front of

a building. The Italians apply the term Faociata for the most jKirt to

such fronts as have a ijiiucipal entrauco.

FACIA, a term used in architecture, or in ornamental construction,

to express the subordinate bands of an architrave or of a frieze. It is

worthy of notice that in the best examples of Grecian or of Roman
B
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n4ll»iilni« Iho firtii ar* nuiI" t<> iuliue inward* bum the vertical

Ub*; •. for iiwUnw, in tl.
'

' temple of Itaccbiui at

Ron*, UoBallMoflNoelatik <. of Vmta at Tirtili. Tb«
ladM o( th» ar^tnvM of tbn t4>u>|>ls ui Man Ultor, anil of the Forum
o< Nam, iocUiM outwanla ; bat th« optical ellbot Uitu prxluixKl is ito

II—lirfiiliiij that it may altuoat be oooaidered to be indiapenaablo

Ihrt Ike Boi« fa»gnl rule aluntld be obaenred.

FACTOR ia • naccastila agent who buya and aella on behalf of

olhan, uaoaUy bainf lotmatad with pnwaarino of the gooda, to deal

with them in hia own name, and to reoeire and give reoeipta for the

mooej, sad b ramunentad for hia lerrioea by a percentage on the

tranainrinn A broker acta a* a middleman only, having no poaaoe-

aiaa of the gooda, and properly negnriating the bminaaa in the name
onty of hia principal ; the prioe does not paaa through hia handa, but
he loo ii ramnoanted for hia aaaiataooa by a pereentage on the

No amall ahare of the buafaieai of the mercantile world u carried

on through the medium of fiKitora, living at a diatanoe from their

prinHpala; whom for their own intereat ther keep duly informed of

the atata and proapeet* of the market in their immediate district;

and from whom they accordingly reoeire cuiuignmenta, often rctnit-

ting tbefr aooe|itanoaa for the aame in advance, on the expectation that

future aalea wtll put them in aufflcient fundu to rvtire their aooept-

aac«* when due. Aa theae tranaactiona multiply, the relation of

principal and agent baoomea more complicated iu intereat, and a clear

and oomplata atatement of credita and debit* ou big principal'* account
ia one of the most waaiwfinl dutiea of the factor, which a court of

eqni^ wiD oompel him to render, if need be, and for want of which,
when rafuaed, an action for damagea will lie against him at common
law.

The law givea him a lien upon the property in hia handa for the
Moanl balaiwe, compoaed of advances, ezpenoea, and commiaaion, duemm hia principal ; and the produce of aalea, aa wall as the goods
before sale, are subject to this lien. He may tliorefore think it

pnidant for bis own behalf to cBect an iu^uraoce ou the proi>erty of

iha principal in his hands ; and uulesa be ia expressly forbidden he
oiay insure in his princi|)al's name, and at hia axpeaae; but if the
triBoipal raquiraa lum to do ao, it then becomea Ua duty, aud neg-
ligeooe as to that might leave him answerable for the oouaequencea of
agcideotal fira. Ue baa an interest obviously iu keeping the property
afa. The law impoaea on him the duty of exercising ordinary care
and diligence for ita protection, but if there is no failure therein upon his
part, ha is not liable for damage happening to it through violence or
awidmit, aa by robbery, or fire, whidi a prudent, careful man under
the dronmatanaM could not have prevented.

In his transactions about the goods of his principal iu the market he
ia bound by the usage of trade, when that is nut expressly negatived
by his instruotioos. If it ia not uaual therefore to sell ou credit, and if

he yet doea so, he is anawarabla for the oonaequenoes of Uiis deviation
from hia authority. In other respecta he is bound to exerdae
ordinary skill, caution, and diligence, in the discharge of his duties
aabctor.
By the common law of this country the factor haa no authority to

pledge the gooda of hia prindpoL The diaadvantage of thin rule with
ranrd to a daa of agenU who are in tlie lUily habit of bindinK tliem-
aalves by th«r aooeptaaoea in favour of the principal, in (1ei>endeuoe
upon tha market and their ability to realise the goods in time to meet
the billa at maturity, became ao obvious, that the British le^ature
twioe interfered by statute, the Oeo. IV. c. 94, and the fi & 6 Vict.
c 89, to place thaaa agwits, in this respect, upon a footing suitable to
the iteoeaaitisa of trade and the dictates of prudence. The results of
this legialation now are, that a factor may pledge goods or documents
of title in his poaseaaion for advaocea to himaeU, with security to the
laider, pmvidad the advanoee, which must not include an antecedent
driit, wn» boo* fide, and that the lender had no notice of the pledge
baing oontrary to the taotor'a authority, or made maid JUU in raap^
of his pnndpaL If tha loan is made on a written contract to deposit
gooda, a pledge in aooordaoce therewith is protected, unless the lender
have notioe of the faetor'a want of authority prior to the receipt of the
noda; and evao an antecedent debt is a good oonaideraticn for the
lM|i to tha extent of the factors lien against the prtadpal, if the
Biadfre at the time did not know of thelictor's agnMnr. Goods or
doeiUDMita of thla already on pledge may be raphwed by other goods
cr doeuMrti oftiUe i. &. haoda of the pl«|-,e. ,„biert to the^T
ttMiag lien. Doeumcnta of tiUe are now aaid to be intrusted to the

5S?' !^*^"°^"° *''" **" pl"l«o them whether they oome inune-
ttiMy btim the owner or in virtu* of his having had poMsadon of the
geoda or of soma olhv documenU of title before.

JtJ^t^.a^^'T^ '='^*^*' »-t'«w> W* Principal and the
tarw.aod the priocipal may maintain an action against the purchaser

£L^ ^mII.'VZ^^ may direct him not to pay the money to the

SS^'lIrirJ? ^*S? "" **" P"«ln»»r, exoept in ao far aa the

«?iZ,^^Jl'*"^T^f*^"*P'*~*P^- Intheabaence

dih?'S^SS^LE!T"* K 'if
'**?'." • gooddi«:harg.of thed*t^ a purohaao through a factor ia hi* own name the ieUer haa

SlTS^/* •** ••,• ^«'*» 1«« «>MM of the priodpat, of takinelitte tha fc<rt«r cr hia prtodp4 aa hia debtor in thVtauiaction. B^
if abafVaa kaflMtad _^. - , tranaaction. But

with a fMtor nadw the opinion that he is n

priod|ial, and with a view to a rig^t of aet-off which the other Iiah

againat hiui, the disclosure of the real prindpol is not suffered after-

wards to deprive the other of his right of set-oUl

The principal may recover againat hia factor by action for the
neglect uf bin duty, or diaobedieooe to his instructions if loss occur
thereby, as if he purchases gooda at a limited price, and fraudulently

sella thorn again for bin own profit. If a bctor, witliuut the orders

of his |>rind]nl, ex|>ort>< soods prohibited by the Customs' laws, oud
the tome ore seized, the Toss is the factor's ; and so, if he jiay money
without the direction of his employer, or sells his goods at on under-
value, or exports goods of an improper quality, he u answerable for

the damage. And if a factor expurU goods of a different quality ur

kind from thoaa he was directed to purchase, or seuda them to a plooe

other tliiui that to which he was ordered to send them, the mercltant

may refuse to aoeapt them, and may recover any damage he haa sus-

tained, in conaequaooe of his neglect, from the factor, "rhe rights and
liabilities of merchants and factors are governed by the laws of the

place in which they are domiciled, and any contract which may be
made by either of them must be governed by the law of the place

where it ia made, and these rules are acted u)H>n by the court* of

justice of every civilized nation. Thus, since the [Ktssing of the above-

mentioned statutes, a foreign merchant cannot recover bis goods from
the pledgee of his fiictor in England, though he be totally ignorant of

the change which has token place in the law.

There is another deacription of factor, who acta under what ia called

a del credere commission, where, for an additional percentage, he
engages for the solvency of the purchasers of the goods counigned to

him. This contract, it is evident, orisea on the suppomtiou that the

factor being resident among the purchasers, must b« better able to

judge of their solvency than the princii>al, residing in a foreign

country. For a long time it was considered that imder this arrange-

ment those who dealt with the factor were liable to him alone, and
that he was liable, in the iir^t instance, to bis employer ; it has, how-
ever, been de<;Mod that the factor stands in the relation of a surety for
the (lersons with whom ho deals on account of the employer, aud that
he is liable to his employer only in caae of their default. Oel credoro
is an Italian mercantile phraae, of the aame signification as the Kuglish
word guarantee, and the Scotch A>-arrandice.

(See Kuaseil on Faclora ; Story on Agency ; Id. on JlaUmenlt ; Sir
Wm. Jones on Bailments ; Foley on Principal and A'jenf ; Chitty on
Cmtradt, by J. A. Russell.)

FACTOR, a name given to any algebraical axpieasion considered as
part of a product. Thus, a and a-l-f are the factors of the product
a (a + a-), or o' -( a x.

Any quantity may be made an apiiarent factor of any other.

Thus in

6 is an apparent factor of a. But 4 is not proixsrly called a factor of a,

tmlaas it happen that when 6 is made = 0, r ia not thereby made

infinite. Thus the two equations

sin* ^ ainar,
sin x~ X -K —— , am X = ;i^ X -t-

show X aud x^ tM ap|>arent factora of sin ir. But <r is a real factor; x^
is a fiotitioua factor. >\'hen

sin r, sin X
a = 0, « 1, and —r = oo

.

' .c X*

FACTORIALS. The subject treated under this word is one whJsll
daily becomes of more importance in mathematical analysis, and tabts
ita riae at the commencement of.^gebra.

Vljifia we firrt begin to number, we easily make the transition from
integers to fractions, because we are accustomed to consider ourselves
aa reckcoing simple magnitude, of which each unit can be divided
into porta homogeneous with itself. [Nuiibkh.J Bo the unit what it

may, in the case of simple magnitude, it might as well have licen any
fraction of what it is, so far as the possibility of conceiving and per-
forming arithmetical operations is oomemed. But viiten we come to
count ojieralioni, not matfnitudea, the ease is much altered ; we can no
longer say at pleasure that we can conceive or introduce fraotions.

Certainly, aa to additions, we think we need not stop to learn what a
fractional number of them means. If, after having thought for a
moment of six additions of 20 and seven additions of 20, wo oak our-
selves what ought to be meant by tix and a //«// additions nf 20, wo
imagine that it must necessarily mean six additions of 20, followed by
an addition of 10. But this notion, though the most simple, and
therefore adopted aa a basis, is not nacenaary. The algebraist knows
very well that having proved the equation ^{j; m) = Jf -t- mA to be true
whenever m is an integer, he has not proved it to be true when ni is a
fraction : in foot, ^x, m) ^ x + nA con '2mw would equally satisfy his

demonstration, and an infinite number of other solutions might be
named.
When we oome to reckon numbers of multiplications, we b«gin

from imity, and say, let a* signify that unity is multiplied it times
following by a. Now this symbol is, from the beginning, distinctly
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conceivable, whether a be integer or fractional, under the usual and
easy extension to fractionii of the idea of multiplication ; but it is not,

or ought not to be, so intelligible when n is a fraction. AMiat are four

and a half multiplications by 36 ? The beginner will say, four multi-

pUcations by 36, followed by a multiplication by 18 ; but this mode of

defining breaks dovra immediately, for the two half operations would
make more than the whole : two successive multiplicatious by 1 8 are

equivalent to more than a multiplication by 36. It is multiplication

by 6 which is the half ojieralion to multiplication by 36. It is ti-ue

that we do not apply the phrase fraction of an operation in our descrip-

tive langviage ; but we apply the symbol in our sjTnbols. For just

as every a' in a* denotes one multiplication by a, every o denotes
that multiplication which twice repeated is etjuivalent to one multipli-

cation by a. In like manner a' ia the multiplier which being used 7
times, gives the Same result as a used 3 times. We are not going to

give the theory of simple powers, but only to put it in connection with
what follows ; and the reader will do well to observe, that in the very
first ideas of ratios [Addition op Ratios] the notion of numerical
quantity entering as a multipUer in repeated operations was so much in

the minds of those who framed EucUd's language, that they spoke of

^hat were really multiplications as if they had been additions. The
same thing may be traced in calling 100 to 1 the duplicate ratio of

that of 10 to 1 [Ratio], and 10 to 1 the subduplieate ratio of that of
100 to 1 : duplicate means double, and subduplieate means half. The
beginner must learn to understand ntmibere with reference to their

force as indices of operation, and even the advanced student may
require more study of this part of the subject than he suspects himseU
wanting.

Again, to establish the equation 0(x, m) = a^ when m, is an integer,

is not the same thing as establishing

* (^.a=^^

in fact the symbol i" in algebra is well known [Root.] to bo in its

complete meaning

V.r- } cos —.2i-ir-h V— 1 sm -.Ihn \

where I is any integer.

Next after the operations of powers and roots, nothing occurs more
frequently in mathematical formulas than successions of multiplica-
tions in which the multiplier is not always the same, as 1 . 2 . S . . . . n

a{a -f 6) (o -h 24) . . . . (o -f n— 16). The various hints which had been
given of the interpolation of fractional meanings, such ,ts that of
Wallis, and others of Leibnitz, the Bemouillis, Stirling, to., have been
extended with great power by the French and German mathematicians
of the last eighty years. Two different lines were taken in the two
countries. The Germans first began to consider how the ordinary
notation might bo extended. Vandermonde proposefl to denote
m(m — 1) (la — 2) to it factors by [ra] ; the brackets distinguish-
ing it from TO" in the usual sense. Hindenburg, followed by Kramp
and most of the Germans, proposed a much better notation. Con-
sidering X" a* denoting m unaltered factors, they made room in the
symbol for a part expressive of the permanence of the factor, and wrote
it x' I '. Thus it became a particular case of x" I ", which was made to
stand for m factors, the first of which is x, and which alter by a at
every step

;
giving

x'^'=x(x*a) (a! + 2o) (J:^m=^a)

3»i-*= x{x-a) (x—2o) {x—m^a)
(x +m—la)»l-«=«"l«

l"» = 1.2.3.....«=n«l-i,

and BO on. This notation certainly opens the road to convenient
expression of a large number of striking formulae : take its binomial
theorem for instance,

(j;+jr)"l" = .r•l• + ^l.r*-'l«yll•.^»-^.T--^l«y!|•+ .._

which is perfectly analogous to the ordinary theorem.
Also the following :

—

**
., ^

•'•"2:3+ •••)-=(1 + A'l«jr + A'l«-J Jr

1 -I- {mA^-x -H (mA)'!» J -h («A)"' ^-h
which la tnie for all values of m, and gives the binomial theorem if
A = T^o=— 1, and the exponential theorem if kx= \, a= 0. The
analogous theorem to Taylor's is

Aj- ^ Ax! 1,2 +
which is well known.
We think it is to be regretted that this notation has not been more

adopted in England : we do not remember at this moment any writer
who has made much use of it, except Mr. Peter Nicholson, in his
works on Involntinn and on Increment*.

A name was to be found for this extension. The notion of calling

«', a?, 1*, &c. the imxKra of .r, was an extension of the term as used by
Euclid, which applied to the square on a line only. Not that the
square on a line was originally called its power, but that the power of

a line was measured by the capacity of its square. The object of the
old geometei*3 was to reduce every area to a square, which enabled
them to describe it by one line ; and hence a line seems to have been
considered as having more or less power (of inclosing space) according
as its square was greater or less : the power being measured by the
magnitude of the square. The phraseology seems to have reached
those who were not geometers : thus Diogenes Laertius tells us that

Pythagoras dLscovered that * the * subtending side of a right-angled

triangle is as i>owerful as the two containing sides togethei.' But
those who will smile at the idea of the power of a line residing in its

square, will laugh outright at the notion of Kramp, who proposed,

seeing .-c» represents the jMtcers of x, that the symbol x"" should
represent its numerical faculties (facultds numeriques). From the
powers and the faculties we might have reached, possibly, the feelings

and opinions, had it not been for Arbogast, who proposed to call tfie

different cases of .r''" bj- the name of factorials, a tenu which has now
gainetl considerable currency among the German WTiters, and was
approved by Kramp himself.

The French, on the other hand, follow Euler and Legendre in con-

necting the factorials from the outset with definite integrals, and the
latter in adopting a specific notation, not derived from that of powers.

Legendre signifies 1 .2 . 3 . . . . Ji by T (n -f 1), and hence the name <5f

ffamma-functions has been applied to them : they are best called

factorial fanctiom.
We shall give a alight accotmt of the subject so far as it is in the

way to be sjjeedily reckoned among the elementary parts of mathe-
matics.

A series or a product of « terms is only distinctly conceivable when
H is integer, but if it can be represented by a function in which re

enters as a usual symbol of magnitude, and not as a number of terms
or operations, then the function is intelligible, though not the
representative of the series, when » is a fraction. To take a very
simple case : it would be absurd to demand the value of \ + 'l + Z +

-l-(ii— l)-h«, when 7i is a fraction; but this series is 4»(»-rl),
which is always intelligible.

The equation

l^2-l-3-^ + n= {n (n+\)

is absurd except when ?i is a positive integer. In the times when the
phrase 'less than nothing' was invented, it would have been said
boldly that 2J terms of this series are 1 x 2i x SJ, or 35-^8, and that
— 7 terms of it are i (—7) (—6) or 21. All that we should now say is

that the function which, when n is integer, is equal to \ + + n
becomes 35-T-8, and 21, when m is 24 and— 7. Whether we are likely
to be the gainers by refusing extensions of language which naturally
present themselves, remains to be seen : it seems to us that ' — 7 terms
of the series \ + 2 + ... + n' \» a very innocent abbreviation of ' the
value, when n — — 7, of the function which, when n is a positive integer,
is alvi-ays equal to 1 -F 2 + . . . -(- ».' But at any rate, mathematicians are
now in the habit of passing from expressions in which n is an index of
number of operations, to the equivalents in which n is only an index
of magnitude, and of using the latter in the most general sense.

But there is an infinite nimaberof ways of representing, for example,
a function which is 1 + 2 ^- . . . . -I- n when n is an integer. If <(in be a
function which is unity whenever n is an integer, such as cos2irn,
l + 8in2»-)i, &c., then Jn (n-t-1) x^n answers the condition as well as
Jn (n + 1). It is usual however to start with a radical function which
is free from periodic multipliers, and there is generally no difficulty
in deciding ujjon the selection. In all the cases which are most
useful, the radical fimction is the one which is clear of all sines and
cosines.

But it is to be remembered that in this branch of the subject we
have not arlvanced so far as to make it coextensive with the theory of
powers : it is in fact precisely in the condition of the theory of powers
before the discovery of the multiplicity of values in .1" when n is

fractional. We are thus Umited to an arithmetical view of the subject.
iSome writers have censured Legendre for employing a new symbol r

(»+l), when 1»'' was already in use : if, which may be doubtful, ho
had heard of the latter before he invented the former, he would, in
our opinion, still have acted judiciously in inventing the additional
symbol. He might Irnve argued that it would not be wise to associate
the second symbol with notions which are only true of the arithmetical
case of it. As soon as the complete theory of the expression shall be
given, 1»" is ready for it : in the mean while r (»-H) expresses the

n
arithmetical case of it, just as V .c" expresses that of x*

.

• We tran«Iate quite literally, to show that Laertius was not geometer
enough to know that the Bubtcndinff and containing was »aid of the ririld angle,
not of the triangle. His words are ,V». Si..™, which Kraus, who in his turn
wag not geometer enough to venture the rendering of «p&5-^„»> into Latin,
translates tantmdem valere. We take Laertius as meaning tlint the hypothcnuse
was as powerful as the two nides together : whether he understood his own
phrase, or only caught it from the geometers, is another question. Tor othe
uses of the same phrase, see I&bational,
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Tba foOowiaa iu« rnnat of tha euttt wUdi are utrictljr intelligible

when a U an lnt«gar, aod in which the ndioJ (unction rcuuunR
iotalUgible when n i* fractional :

—

/•' 1— r"

1x2x3. '-/r
•-' r"rfr

/* r-» «*<••-' <»r

l» (l» + 9) • • (/• + "-! ?) = !•'•

where Jk^p-i- 9.

The Meond equation, which may be thtu written,

r(ii)=y*' 0— r— 'i/f

ia the moat important The following are iU ]irinci{>al uropertiee

:

1. r» ia finite when n ia positive, but ia infinite when n is or

negatire. This drewa a great flistinction t>ctween it nntl !"
; for

the general {ormula which connects factorials of positive and negative

azponentA, with a cummon augment, ia

X-*fx{r—tiay'=l

Fm, which is infinite when i»= 0, diminishes from thence very rapidly,

beeofties 1 when '• = 1, and thence further diminishes until 11 =
1-M16S2. . ., when it is least, being then -8856032. . . . From thence it

bagina to increase, being 1 again when n = 2, 1 .2 when » = 3, 1.2.3 when
» = 4, and ao on.

2. The equation r(n-t-l)= Mri«, so obviously true when n is on
integer, is always true ; giving also

rvii + l)=ji (a— 1) (h—m) r (n—m)

for every integer value of m. Hence a table of values which extends
through one tmit is sufficient : and the most convenient interval is

that from » = 1 to 11 =2. If, for instance, we wantetl to cilculate from
kuoh a table the value of r (5^) we should re<luce it to 4^ x 34 x 24
xl4xr(14>, and take HI J) from the table. Similarly r«, when »i is

leas than unity, would be found from r (1 + n)-i-n. When n is very
small, Fs is 1 -;-n nearly.

3. The labour of calculating the table is much lessened by the
following eqiution ;

—

which is true when o lies between and 1. One very useful result of

it is r4= -/ir.

4. There is a constant to be introduced, which we shall call 7, the

importance of which may in time compete with that of r and c. It is

the limit of the expression 1 + 2—' + 3-' + .... + a—'—log .r, as .t is

increased without limit : it is also the value of

• 00

' log r rfr :

its value is

/.'{i^r+UiT.}'''-'"^''''^-/

7= •57721B6649O16328606OS5.

.

5. If S. represent l-» + 2-" + 3-" + ad infinitum (See SuM-
MATIOH, for some of the values ; also ' Diflierential Calculus,' ' Library

of Useful Knowledge,' p. 654), the logarithm (Naperian) of Fx umy be
found in either of Uie following ways :

—

logr(l+.r) = _7X+2S,jJ-5S,a4 + jS.a:'-

* + Trr-
1

fl. A table of the Talues of comm. log. r(I + .r) ia given by Legendrc
(or erery thousandth of a unit from .r = -000 to r-=-ft9S : an abridg-

ment o( this table, with means o( completing it, is in the ' DifT. Calc ,'

' Library of Useful Knowledge,' p. 587. . This function r.i- is a

fundamental mode of expression for the results of large classes

of definite integrals. [IitteoraU, Dr.ri!nTE.]

7. The function r(n + l) is the value, or one of the values, of

I*'', and we have

.if +-" -rl«
-III

whieli tmlds whenever the second side is real and finite.

The student who deairaa to know more of the theory may consult

Rnuup's 'Analyse des R^fnotions Astrouoniiquits,' Ktrasburg, 17i*9,

4tn., and the article ' Faotorielles,' in the Supplemental (or third)

volume of Montferrier's ' Dictiounaire des Sciences M.itlK''iii.ili()iies,'

I'aris, 1840, 4to. Also tlic article ' Facultat ' in Onmcrt'B Sujiplenient

to KJiigel's ' Wortcrbuch dcr Reinen MaUiematik,' I^ipzig, 1838,

2 vols. 8vo. On the form r.r see Legendre'a well known works, the
' Exercices du Calcul Integral,' and tliat on Elliptic Functions. Sonje

of tlie Bubetanoe of those ia in the treatise on the ' iJifTerential

Calculus', in the ' Library of Useful Knowledge.'
FACTORIES; FACTORY-SYSTEM. The word factory has had

two ditferent meanings. It formerly meant an establishment of mer-
chants and factors resident in foreign countries, who »-ere govcme<l by
certain regulations adopted for their mutual sup)>ort and assistance

against the undue eooroachments or interference of the government of

the countries in which they resided. In modem times these (sctories

have, in a great measure, ceased to exist ; because of the greater degree

of security which merchants feel as regards both the justice of those

governments and the protection, when needed, of their own countrj-.

The Venetians, Genoese, Portuguese, Dutch, French, and English luive

all had establishments in the nature of factories. In China tlie Por-

tuguese established a factory at Macao, and the Engliah at Canton. In
most instances factories have at first obtained the privilege of trading,

and afterwards procured for the precinct assigned to them some
exemption (rom the jurisdiction of the native courts. In this xtate of

things the supreme government ofthe country whose subjects have esta-

blished the factor}- pre|u>re laws for its control and administration, and
treat it in fact as if it were its deix-ndcncy, though the sovereignty of

the native government is \uidisputed.

But in its usual acceptation, the word fiictory has now a difiiarent

meaning. Modem legislation bos declared tlut a factory means any
building wherein steam, water, or other mech.inical power ia used to

work any machinery employed in the m.-mufactiu-e of cotton, wool,
hair, silk, flax, hemp, jute, or tow.

^Vhat is calle«I the Factory System owes its origin to the inventions

and skill of ArkvTight ; and it is probable that but for the invention

of spinning machinery, .-wd the consequent necessary aggregation of

large numbers of workmen in cotton-mills, the name would never

have been thus applied. It is in these mills that the factory system
has been brought to its highest state of perfection. The jwwer of

subdivision of employment according to strength and skill, and that of

bringing to bear upon every distinct process exactly as much force as

ia necessary, without waste, are the two great and valuable a<Ivant'\ges

of the &^ry system. The cotton-mills, and some of the circum-

stances oonnectM with them, are noticed under Cotton Mani'-

FACTCRE.
The legislature has interfered to prevent children in factories from

being taoced beyond their strength, to the permanent injury of their

constitutions. This abuse was the more to be apprehended, bcciuse a
largeprojwrtionofthe children engagedin cotton-spinning are notdirectly

employe<l by the masters, but are under the control of the spinners—

a

highly paid class of workmen, whose earnings greatly depend upon the

length of time diu-ing which they can keep their young assist.iiit« at

work. A parlLimentary committee sat for tlie investigation of this

subject in 1882, and subsequently a commission was issued by the

crown for ascertaining, by examin.ttioQs at the factories themselves,

the kind and degree of abuses that prevailed, and for suggesting the

proper remedies. In consequence of these inquiries, an act was passed

in 1833 for reguhkting factories. Attempts had been made in 1802,

1816, and 1831, to legislate for the protection of factory workers ; but
only on a small scale.

The Act of 1833 (3 & 4 Will IV. c. 103) contains numerous details
;

but the chief matters that relate to the subject are the following :—
1. After January 1, 1834, no person under 18 years of age shall be
allowed to work in the uight, that is, between a quarter past eight p.m.

and half-past five a.m., in any cotton or other factory in which steam
or water, or any other mechanical power, is used to projiel tlie nLocliiuery,

except in lace factories. 2. Xo [>crson tmder 18 shall )>e employed
more than 12 hours in one day, nor more than 69 in one week.
3. Tliere shall be allowed in the course of every tlay not less tlian

1

J

hoiu-s for meals to every person restricted to the jwrformance of

12 hours' work. 4. After Januar}' 1, 1834, no child sliall be employed
under 9 years of age, except in silk-mills. 6. After March 1, 1834,

no child, except in silk-mills, shall be employed in any factory more
than 48 hours in any one week, nor more than 1) hours in any day, who
shall not be 1 1 years old ; nor after March 1 , 1 835, who shall not lie

12 years old; nor after Marcli 1, 1836, who shall not be 13 years old ;

and these hours of work shall not be exceeded, even if the child has

worked during the day in more factories than one. 6. Children and
young persons, whose hours of work are regidated, shall be entitled

to two holidays and eight half-holidays in the year. 7. Children,

whose hours of work are restricted to 9 hours a day, ore not to be
employcfl without obtaining a certificate from a phyKici.in or surgeon,

certifying that they are of the ordinary strength nud appearance of

children of the ages Ix-fore mentioned, wliich certificate is to be counter-

signed by some inspector or justice. 8. The crown is to appoint,

during pleasure, four persons to be inspectors of factories, with exten-

sive powers as magistratea, to examine the children employed in tin-
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factories, and to inquire respecting their condition, employment, and
education ; and one of the secretaries of state shall have power, on the
application of an inspector, to appoint superintendents to assist in

carrying out the provisions of the a«t. 9. The inspectors are to make
all rules necessary for the execution of the act, and to enforce the
attendance at school, for at least two hours daily out of six days in the
week, of children employed in factories ; from whose weekly wages a
deduction, not exceeding a penny in every shilling, is to be made for

the expense of schooling. 10. No child shaO be employed who shall

not, on Monday of every week, give to the factory master a certificate

of his or her attendance at school for the previous week. 11. The
interior walls of every factory shall be whitewashed every year. 12. A
copy or abstract of the act shall be hung up in a conspicuous part of

every factory. 1-3. The inspectors shall regularly, once a year, report
their proceedings to one of the secretaries of state. There are other
clauses regulating the hours of working in mills where the use of

water-power instead of steam-power disturbs the uniformity of the
working; the steps to be taken in order to obtain regular certi-

6cates of age for the children requiring them ; the erection of

schools, where necessary ; and the mode of enforcing the provisions
of the act.

In the following year a short explanatory act was passed, to render
more clear the meaning of the legislature on certain points ; but mth
this exception, no further change was made till 1844. Committees of
the House of Commons sat in 1840 and in 1841, and bUis were from
time to time introduced by indiWdual members ; but the Act of 183-3

rem.ained the groundwork of all the proceedings in respect to factories.

The Act itself was, as we have alrea<ly stated, in great part the result of
a commission which had been appointed in the early part of 1833, and
which had collected information by means of district commissioners in
all the factory districts. This local machinery formed a groundwork
for the inspectorship afterwards established by the government when
the act was obtained. Four inspectors were appointed, and the British

islands were mapped out into four gieat divisions ; the cotton and
woollen district of Yorkshire, Lancashire, and the immediate neigh-
bourhood, forming the Ist ; the eastern and southern counties of

England the 2nd ; some parts of the West of England, nearly the
whole of Wales, and the southern half of Ireland, constituting the
3rd ; the northern half of Ireland, the whole of Scotland, and the four
northern counties of England, the 4th. Each district was placed
under one inspector, who made arrangements for becoming personally

acquainted with every factory in his district employed for textile

manufactures. Surgeons were appointed to grant the certificates

required for the children ; a system of occasional supervision Avas

established ; the inspectors commimicated with the chief mill-owners
on any points of difficulty which occiured ; and the schooling of the
children was gradually entered upon. One great difficiJty however
was this, that many manufacturers, as a means of escaping from the
provisions of the Act, gradually discharged the children who were
within the specified ages, and employed others of an age to which the
education and the working-hours clauses did not apply; and many
young children were thrown out of employ in consequence.
The Act rendered imperative some sort of schooUng for the factory

children ; but it did not lay down nilea for its government. The
arrangements accordingly became of a very crude and heterogeneous
character. The factory children received their education from five

difierent sorts of schools, Sunday Schorjit, Dame and Private Srhonla,

Furtiyry Hrhoolt, Chunk nf England Schools, and Dissenters' Schools.

The disposal of the children on Sundays was a matter which did not
come under the control of the inspectors ; but the four classes of
week-day schools were those which affected the daily regtilations of the
factories. The dame-schools or private schools, kept by mistresses
or mastersfor their own profit, and not under the control or manage-
ment of any other person, were of a very mean and inefficient kind,
utterly wanting, in respect to instruction, books, nnd discipline, in the
means of working out the required object. The factory-schools were
such as were held in or near the fact<jry where the children were
employed, and were under the control and management of the owner
of the factory. The Church Schools and the Dissenters' Schools, sup-
))Orte<l in many cases by powerful rehgious denominations, partook of
the general character of such classes of schools, in respect to education
and discipline. Many of the factory-schools, where the owner cared
very little about the matter, were as bad as the dame-schools ; whereas,
in j<ome cases the mill-owners took great interest and expended con-
siderable sums in giving efficiency to the schools. At Messrs. Marshall's,
at Leeds, for instance, a neat building was erected purposely as a school-
room for the factory children, admirably fitted with every requisite
for a Lirge school.

In 1844 an Act was passed (7 & 8 Vict. c. 15) which came into
ope^tion in October of the same year, and effected certain changes in
the law as to factories. An Office of Factory Inspectors was established
in London. Persons beginning to occupy a factory were required to
!iend notice of it to this office. The powers of inspectors to enter
factories and schools are increased. The certifying surgeons are to be
appointed by the inspectors ; and the certificates are to have a definite
fonn and expression. The whitewashing or painting of a factory is

placed under strict regulations. Provision is made for the protection
if children from the effects of the water in wet-flax spinning, and from

accidents by the machinery while in motion. Children may be admitted
and employed at eight years of age (the former minimum having
been niue years). The maximum amount of daily work for each child
is seven hours, subject to diminution in certain cases. All females are
regarded in the same light as " young persons " (that is, persons from
thirteen to eighteen years of age), as to the limitation of the hours of
work. The recovery of lost time by the stoppage of machinery, the
regulation of the meal-times in the factories, the holidays given to the
children, the control of their attendance at school, the inspection of
dangerous machinery, and many other points, are modified or extended
in this Act ; which however preserves the general character of the Act
of 1833.

Before touching on the legislation of later years, we wUl present a
few statistics of factories. The number of power-looms employed is to
a certain degree, an index to the extent of factory operations ; since

the substitution of a power-loom for a hand-loom involves the substi-

tution of a large and %vell-organised factory for, perhaps, the lumible
cottage of the hand-loom weaver. In a return majle to government in

1836, the number of power-looms then employed is .stated to have
been about 92,000. There was another return concerning the number
of factories, and of the persons working therein, in the same year;
this gave about 304,000 persons in about 2860 mills, or 106 to each.
By the commencement of 1839 the numbers had thus risen :—420,000
persons in about 4200 mills, or 100 to each. A return for 1843 gives

a series of numbers trader three different points of view ; the first

being according to the kind of textile material ; the second, according
to the location in different parts of the empire ; and the third, according

to the ages and sexes of the workpeople.

No. of

Factories.

Horse-power
employed.

Persons
employed

Cotton
Wool
Silk .

Flax

. 1,819

. . 1,738
268

. . 392

. 4,217

65,785|
15,504.1
2,977"

9,585

259,385
86,446
34,318

43,487

Total . 93,912 423,030

England .

Scotland

Ireland .

Wales .

. . 3,475

. 492
. . 95

155

77,804}
12,4484

3,001

657J

347,007

59,313

14,870

2,440

Total 93,911} 423,630

Males under 21 100,054
Males 21 and above . . . '. . . 77,999
Females under 21 103,252
Females 21 and above 81,5GG

Total 423,471

It may be well to remark that these numbers relate to the work-
people actually employed within the factories at one or other of the
above four kuids of textile manufacture. The whole number who
earn a living by these trades, including those engaged in hand loom
weaving, stocking-making, calico-printing, dyeing, bleaching, &c., very
greatly exceeds the above, and has been variously estimated by different

writers.

In 1845, Mr. Homer, whose district was very nearly co-extensive

with Lancashire, gave the following as the state of his district in that
year:

—

Workers Workers Power
Mills, under 18. 18 & above. T.ooms.

Cotton mills . . 1,724 69,155 128,305 138,717

Woollen raill< . . 241 5,456 0,485 3,237

Flax mills . . 71 2,253 3,336 .. '

Silk mills ... 32 3,121 3,324 995

Total 2,068 79,987 141,450 142,949

The great strength of the woollen and worsted trades lay in another

district, concerning which similar returns were not made.
In September, 1848, the mills and works within the limits of the

town of Manchester, subject to the factory laws, wei'e as follow :

—

MilU. Hands.

Cotton 96 20,809

Silk 8 2,850

Worsted 3 169

Small wares 17 1,752

Print works .... 4 1,172

Dye works 23 1,847

In 1850 a return was made to the House of Commons respecting

factories, more detailed and instructive than any before prepared. We
will give a few of the results, calculated to illustrate different aspects

of the subject. First, in respect to different parts of the United King-

dom, we have,—
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Vlftaad lad )

WllM . . j
coUud . .

Iratead . . .

Total

1 J n r!| 't

1,999

91

ti.liO.OlO

],1><,40S
111,101

1-1,111

11,111

1,117

109,114 14,111

I9,l«l 1 919
4,111 19

495,707
1

Ti,«ll
14,917

1

4,110
j

>i,9»,Tia
1

199,916 114,117 11,111 191,011

In thk table, the kone-power includes both steiun-enginee and waier-

whaeb employed in working the machinery in the factorie* ; they are

nearly in the ratio of four-fifths steam-power to one-fifth water-power.

The term ehiUm is applied to those at and under 1 3 years of age; from
18 to 18 the term applied is yOHsj^ pennm. Taking the whole of the

United Kingdom in one entry, and regarding only the ages and aexea

of the persons employed, we find the fuUon-ing numbers :

—

Ualcs. Fenaln,

I'odrr 11 . . 19,400 13,711 = IS,131

^^tll .
'

\ ilKsoJ} '^ = »"•""

Total . . 141,110 149,199 >= 590,429

In respeot to females, one entry includes t/onttg perttmi and adull$,aa

the same laws now apply t<> both classes. Of 100 persons working in

factories, 68 are femalee and 4
'2 males. About 6 per cent, of the

workers are under 13 years old. The next classification we shall notice

is that which depends on the kind of operations carried on. There ore

four classes, as foUowH :

—

Spianing factories 2C3G
Wearing factories 454
Spinning and wearing factories . . 1003

Hot speetaed 303

4600

The fire principal kinds of materials employed in Uie foctorios, and
the persons employed in them, are diRtribnted as follows :

—

rcrsons.

Cotton factories.... 1,932 330,934
WooUni factories . . . . 1,497 74,443
Wonted factories ... 301 79,737

Flax factories . . . . 393 68,434

8Uk factories . . . . 377 42,544

4,600 596,083

The number of factories hero given (4600) is in excess of that given

in the first table (4330) ; this probably arose from some of the factories

being entered twice, in cases whore they worked mijrtd fabrict of cotton

and woollen, or cotton and silk, or woollen and silk. It is proper also

to bear in mind that there are a few other discrepancies in the figures

for different years, not explained in the returns from which they ore

taken. The cotton factories were rather less than half the whole
ntunber, but employed more than half the entire number of operatives.

The average numlier of operatives in cotton factories was 120; the
average in all faetories was 75. Out of the 1932 ootton factories, no
leM than 1235 were in Lancashire; out of the 1908 woollen and
worsted factories, no less than 1298 were in Yorkshire. It will be
seen that a remarkable parallelism exists in these numbers ; 64 per
cent, of all the ootton factories were in Lancashire, and 65 per cent, of

all the woollen and worsted factories were in Yorkshire.

The factory legislation since 1844 has comprised five statutes. In
1846 a new Act oarae into operation, which brought calico-printing

works within the range of the inspoctors. By the terms of another
Act, passed in 1847, the c/iii(/rc» .and yoxiny perxmi are to work not
more than clevtn hours a tUy from July 1, 1847, and not more than
ten hours after the Ist of May, 1848. The same provisions were made
in relation to women of whatever age ; and it thus arose that all

women, boys, and girls employed in factories were limited in their

hottra of woridng, adult males being alone excepted. AnoUier Act,
{Med in 1850, introdiiced a few minor changes, oniefly with a view to
prevent night-work in factories. In 1863 an Act was passed making
further regulations touching the employment of young children ic-the
evening or night. It was enacted that, after the Ist of September in

that year, children should not begin work before six in the morning,
or remain at work after six in the evening ; in the winter moutlis the
hoiir* might be from seven till seven, on due notice being riven to the
sub-inspectors ; work to end on Saturdays at two o'clock. These regu-
lations, subject t') exceptions under special circumstances, were to be
inoorporated with such of tlie provisions of previous statutes as were
not repealed or modifloi by them. In 1856 an Act was poased to re-

move doubts oonceming the statute of 1844 in reference to mill-gearing

;

the mill-ownen had interpreted this statute in one sense, the inspectors
ia another ; and thereupon the new Act declared that the miU-fenoing
boaU only apply to such parta of the machinery as children, young

persona, and women are liable to be injured by, either in passing
or in their ordinary oooupations in the factory. Very violent scottsa-

tions and recriminations had arisen on this subject, and the statute
was intende<l to settle the question.

It will l>e seen, on reforenc<< to the article* BLKAdinto and CaLICO*
Printiiio, that strenuous efl'orts hare been made to bring bleach-

works and dye-works under the same regulations as spinning and
weaving factories and print-works. Much inquiry l>y com""'-*-""'-",

and much debating in (larlianieut, were bestowed u|i<>n tbi

the periods between 1854 and 1857. Kor a brief statement ot

we refer to the articles above named. There was ahio, aboui ilie yt-nr

1857, a strenuous effort made by some of the factory operatives and
their advocates in parlinment to obtain a " ten hours' bill, but without
success.

Having in former {xirngraphs given a few statistics of factories at

vorioiu dates since the coifimcnceuicut of factory legislation, we hero
giwe a few more relating to 1856, the List year concerning which any
very exact enumeration nos been made ; for, it may be remarked, the
half-yearly reports of thu in«i>ectorH tuually advert to current events,

and not to total results. The five kinds of fu;t<iries for textile goods
-(cotton, woollen, worsted, flax, and nilk) were all examiiie<l, throughout
every part of the United Kingdom, and certain portietilor* were noted
down concerning all. These particulars, and the 6gares relating to

them, we will present in a more condensed form, sufficient for the
present purpose :

—

Ootton .

Woollim
Worsted
Flax

Silk .

Tslal

I,3l0'28,010,tl7
i,I05l 1,186,973

1,134,549

1,218,041

1,091,799

535:

417,
460

1,117 11,501,510

II II

198,147 97,111 157,186 133,017 179,111
14,453 3i,«0l 4.^,58l 13,508 79,091

38,956 14,904, SO.OSII 57,771 , 17,794
7,680 18,312 2S,446| 56,1I6| 80,363

9,360 5,176 16,899 39,138 56,137

169,105 161,431 171,117

19,138

409,160 681,497

In reference to the several porta of the United Kingdom, without

noting any separation of the different textile manufactures, the figures

stood thus :

—

England and
Wales .

Scotland .

Ireland

i

4,411|30,133,165

2,643,049
738,166

530
155

119,181 111,093'141,109^110,T61 571,977

36,415' 19,706 11,379' 56,153, 77,413

1,311 8,637 10,549' 12,419 12,988

The largest items of course relate to the cotton manufacture in

England and Wales. The figures are truly astonishing ; 2,050 factories,

26,000,000 spindles, 280,000 power looms, 86,000 horse-power for

moving machinery, 14,000 males employed tmder 13, 184,0(i(i over

13, 10,000 females under 18, and 180,000 over 13. In the interval

between 1850 and 1866, the several items, as will be seen on com-

parison, varieil very unequally among themselves. Taking four

different years, and three classes of factory operatives, it has been

found that the latter have changed somewhat in the reUtive per-

centage. •

Males and
Females Males Females

Years. tinder 13. over 13, orer 11.

1115 11 + 17 •f 50 E 100

1838 . 6 + :9 -1- 55 = 100

1850 . 6 + 38 •f 56 B 100

1856 . 7 + 36 + 57 = 100

This lecinH to show that women have increased in number in faotoriM

more rapidly than men, boys, or girls.

In the article Embboidery .vnd Sebino M.vchink.s, it i~ :

'1
that shirts, collars, and other kinds of ready-made linen soM
are in a large degree sewn and stitched by uincliincr.v. V,, ,,,„>

here add n few words on this subject in relation to the north of

Ireland, where the factorj'-system lias l>een brought into connection

with it The manufacturers of Manchester and Glasgow, and the

wholesale dealAv of those towns and of the inetr«]K)lis, have found out

that the Irish peasant girls work very neatly with the needle, nnd are

eager to obtain employment on linen, cotton, or muslin work, whether

by the ordinary plying of the needle, or by tambouring aud sewing

nuchinea. Borne of the firms now own large eatablisbinfnt.<i in Ire-

land, where the factor}- Ryatem is in part carried out. In and near

Londonderry alone there are more than a dozen factories in which
sewing-machines are employed ; these machines are at present about

700 in number ; and the working of them, with subsidiary operations,

employ 1800 women and girls. Taking one with another, these persons
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(moatly girls) earn about 6«. per week each on an average ; some, who
are quick and clever, occa.sionaUy earn aa much as 20s. In one of the

establishments the sewing-machines are driven by steam-power, and

are fitted with patent self-acting regulators, still further to increase the

automatic action. Besides these machine-sewers working in factories,

tiiere are 16,000 hand-sewers scattered over the counties of London-
derry, Donegal, Tyrone, Fermanagh, and Antrim.
We may remark, in conclusion, that in the United States, spinning

and wea\Tng factories are m^ch more frequently owned by joint-stock

companies than in England. The celebrated cotton factories at Lowell,

and numerou.s others in the northern states of the Union, are held by
companies ; they arc large, well provided with machinery, and worked
by operatives who maintain a somewhat higher status than those of

England. This may in part result from the more general diffusion

of education in that country, a fact of which there seems to be no
doubt. In these large American spinning and weaving mills, on-ped

by companies, the proprietors often provide boarding-houses, in which
many of the workpeople—especially girls and young women away from
their jjarents' homes—are supplied with food and lodging under a

well-organised system, and at prices calculated rather in relation to

the well-being of the persons thenuelves than to the realisation of a

profit.

FACULTIES. [UjfivEBsm.]
FAGINE. An alkaloid of unknown composition contained in the

Iteech-nut, Fagiis sylvatira.

FAGOT, SAP-, a small kind of Fascine, about 3 feet in length.

FAINTING. [Sy.>xope.]

FAIR, an annual or fixed meeting of buyers and sellers ; from the

Latin feria, a holiday. Fairs in ancient times were chiefly held on
holidays.

Anciently, before many flourishing towns were established, and the
necessaries or ornaments of life, from the convenience of communication
and the Increase of provincial civility, could be procured in various

places, goods and commodities of every kind were chiefly sold at fairs,

to which, as to one universal mart, the jieople resorted peri<xlically , and
supplied most of their wants for the ensuing year. The disi)lay of

merchandise and the conflux of customers at these the most com-
prehensive markets for domestic commerce was prodigious, and they
were therefore often held on ojwn and extensive plains. Warton, in

his ' History of English Poetry,' has given a curious accoimt of that

of St. Giles's Hill or Down, near Winchester. It was instituted and
given as a kind of revenue to the Bishop of Winchester by William
the Con(|ueror, who by his charter j»ermitted it to continue for three

days ; but in consequence of new royal grants, Henry III. prolonged

its continuance to sixteen days. Its jurisdiction extended seven miles

round, and comprehended even Southampton, then a capital trading

town ; and all merchants who sold wares within that circuit, unless at

the fair, forfeited them to the bishop. As late as 1612, as we learn

from the NorthumVwrland Household-book, fairs still continued to be

the principal marts for purchasing necessaries in large quantities,

which are now supplied by the numerous trading towns.

Phihp, king of France, compLiined in very strong terms to Edwanl II.

in 1314 tliat the merchants of England had desisted from frequentmg
the fairs in his dominions with their wood and other goods, to the great

loss of his subjects, and entreated him to persuade, and, if necessary ,^to

compel them, to frequent the fairs of France as formerly, promising

them all possible security and encouragement. (Bym., ' FuxL,' tom. iii.,

p. 482.)

When a town or Tillage had snfTered from misfortune, by way of

assisting to re-establish it, a bar, among other privileges, was sometimes
granted. This was the case at Burley, in Rutlandshire, 49th Edw. III.

(• Abbrev. Rot. Oiig.,' vol. ii., p. 338)
The Chronicles of Stow and Grafton, published in Queen Elizabeth's

time, contain lists of the fairs of England according to the months.

No fair or market can be held but by a grant from the crown, or hy
prescription supposed to take its rise from some ancient grant, of whicn
DO record can be found.

The fairs of Frankfort-on-the-Mayn and Leipzig are still pre-eminent

in Europe ; each is held three times a year. Leii^ig at these times

ia the mart and exchange of Central Europe, and is visited by mer-
ehanta and foreigners from the most distant parts of the globe, some-
times to the numl>er of thu^y or forty thousand. The whole book-

trade of Germany is centred in the Easter fair at Leipzig. Kishnei
Novgorod, in Russii, at the confluence of the Oka and the Wolga, has
a great annual fair in June, at which an immense number of traders

assemble, many of them from the most remote parts of Asia.

FAIRIES, a small sort of imaginary spirits of both sexes in human
sliape, who are fabled to haunt houses in companies, to reward cleanli-

ness, to dance and revel in meadows in the night-time, and to play a
thoti.vind freakish jiranks. Both sexes are represented generally an

cl'thi'l in green, and the traces of their tiny feet are supposed to

remain visibio on the grass for a long time after their dances : these

are ttSB called fairy-rings or circles. They are also fabled to be in the
practice of stealing unbaptised infants and leaving their own progeny
m their stearl. B^des these terrestrial fairies, there was a species who
dwelt in the mines, where they were often heard to imitate the actions
of the workmen, to whom they were thought to be inclined to do
service. In Wales tliis kind of fairies was called "knockers," and

was said to point out the rich veins of silver and lead. Some fairies

are fabled to have resided in wells. It was also believed that there
was a sort of domestic fairies, called, from their sunburnt complexions,
BroKniee, who were extremely useful, and who performed all sorts of
domestic drudgery. The words fairy and bi:o\viiy seem at once to jjoiut

out their own etymologies.

Bourne, in his ' Autiquitatea Vulgares,' supposes the superstition
relating to fairies to have been conveyed down to us by ti-adition from
the Lamiic, or ancient sorceresses ; others have deduced them from
the lares of the Romans. Dr. Percy tells us, on the assurance of

a learned friend in AVales, that the existence of fairies is alluded to
by the most ancient British bards, among whom their commonest name
was that of the Spirits of the Mountains. The most general conjecture,

however, is, that these imaginary people are of Oriental origin, and
that the notion of them was first entertained by the Persians and
Arabs, whose traditions and stories abound with the adventures of

these imaginary beings. The Persians called them Peris ; the Arabs,
Ginii ; and the Arabs assigned them a peculiar country "to inhabit,

which they called Giiviislan. or Fairy-land.

Shakspere has been singularly happy in his dramatic exhibition of

fairies. The belief in these fabled beings has still a fast hold upon
the minds of many of our rustics, which may perhaps be considered
as a remnant of that credulity which was once almost universal.

Poole, in his ' English Pamas.sus,' lias given the names of the fairj'

court, their clothing, and their diet. Dr. Grey, in his ' Notes on
Shakspere,' gives us a description, from other writers, of fairy-land, a

fairy entertainment, and fairy hunting; and Dr. King has given a
description of Orjiheus' fairy entertainment in his ' Orjiheus and Eury-
dice' (edit. 1776, vol. iii., p. 212). Wieland in his ' Oberon ' gives

an account of the quarrel of Oberon and Titania, with consequences
varj'ing considerably from those detailed by Shakspere in his ' Mid-
summer Night's Dream.' A charm against fairies was turniiKj the

cloak. The reailer who woiUd look fiu^her into fairy mythology may
consult Percy's * Reliques of Antieut English Poetry;' Sir Walter Scott's
' Essay on the Fairy Superstition,' in the ' Minstrelsy of the Scottish
Border;' Keightley's ' Fairy Mythology,' published in 1828, in which
the legends of different countries are collected ; and Jacob Grimm's
' Deutsche Mj'thologie,' 1835.

FAITH {fides, in Latin), means belief or trust in a fact or doctrine,
and is more especially used to express the belief of Christians in the
tenets of their religion, and also by figure to mean that religion itself.

The great divisions of Christianity, the Roman, the Greek, the Refonned
or Calvinist, the Episcopal English, the Independents, and the Protestant
or Lutheran churches, have each separate confessions of faith, but they
all acknowledge the great fundamental points of the Christian faith or
religion, namely, the inspiration of the Scriptures, and the divinity of

Jesus Christ. [Cokfessions.] In the earlier ages of the Church the
chief controversies of theologians, especially in the East, ran upon
metaphysical questions concerning the mysteries of the "Trinity, the
Incarnation, and the divine nature of the Saviour. In modern times
controversy has run more frequently upon moral questions concerning
the conduct of men, the retiuisites of salvation, and the discipline of

the Church. Faith, the necessity of which is acknowledged by all

Christians, has been viewed in various lights with respect to its efficacy.

From the earliest ages the Church has taught that faith, or belief in

the Redeemer, joined with good works, was necessary for the justifi-

cation of man ; that good works, that is, works acceptable to God, covdd
only be produced by the Spirit of God influencing the heart, but that
the human will must co-operate with grace in producing them, though
the human will alone is powerless to good unless assisted by divine

grace. Still, man being a free agent, the wiU can call on God, through
the merits of the Saviour, for a measure of his grace to assist its own
efforts. Thus the co-operation of God and man was held as the means
of the justification and salvation of the latter. Lutlier, however, and
Calvin, denied the power of the will to call on God for his grace ; they
substituted faith, and faith alone, in the merits of the Redeemer, as the
means of salvation, by which faith man firmly believes that his sins are

at once remitted. But this faith must be sincere, absolute, without a

shadow of doubt or distrust ; and as man cannot of himself obtain this,

it can only be given to him by inspiration of the Spirit of God. Here
the question of faith becomes involved with those of giuce and predes-

tination. As for our works, Vjoth Luther and Calvin look upon them
as absolutely worthless for our salvation. Some fanatics, and the

Anabaptists among the rest, drew from these premises of the leading

reformers some very dangerous consequences, which Luther and Calvin

had not anticipated, such as that men might live as profligately as they

pleased, and yet, by the inspiration of divine grace, might obtain the

faith requisite for their salvation.

The opinions of Luther and Calvin on the subject of faith and
predestination have been since considerably modified by many Protestant

divines, who have admitted that the will of man must co-operate in

order to obtain the grace necessary for justification. The Roman
Catholic church admits the merit of good works and repentance, united

with faith, for the purpose of salvation. But then, it requires an

absolute faith in all the decisions of its general councils in matters of

dogma, without the least liberty of investigation on the part of the

laity, and without any doubt, for doubt itself is held to be siuful. The
Reformed and Protestant churches, generally speaking, hold faith in
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Uw fundamental dogmaa of ChrUtianitjr u an wwinHil rsquiaito for

«alration.

FAKl'R, an Arabia word, mcauluj; " |Hxir," which i< appUsd to the

miim uf Mvcral |iarta of the ca«t<-ru world. In thin nenae it iji

qroooyiuou* with the Peniau and TurkUli der^'i>lh. The word fakir u
(uiefljr uaed in India. There are (alum who Uve in ooniutimities like

the uiooka of the weeteni world, and others who live aingly a* heniiitK,

or wander aboat mthihiting attaoge diaplaya of aelf-penauce awl uiurli-

Beatioo. Maajr of them are oonaldered aa hypooritea, and othcm ore

fanatica or idiota, [Dekvuh.]
FALtX)NRY, or HAWKING, the art of training and flying hawks

to take other birdx. Juliiu Kinniotui, who lived in the middlu of the

'Ith oentury, in the fint Latin writer who speaks of falconors and the

art of teaching one species of bird to fly at and oateh another. Tlic

art, however, had been, in all probabiUty, practised in the Kast from
remote ages, whanoe it certainly came to Europe.
From the Heptarchy to the time of Charles II. falconry was a

priDopal amusement of our ancestors in England : a [lerson of nuik
soamrly stirred out without a hawk upon his hand, which, in old illu-

minations and u|Min ancient seals, is uie criterion of nobility. Harold,
afterwanli king of Kugland, is thus represented in the Bayeux tapestry,

when vinitiiig the court of William, ditke of Normandy.
In 'Domesday Book' the practice of hUcoiuy is illustrated by

numerous entries. In several places we find a sum, no leas than ten
pounds, made the optional (laywent instead of finding a hawk
('Oomesd-,' torn, i., fol. 134, b. 172, 230); and once, at Worcester
(torn. i. 172) a Norway hawk is specified. Aeries, or places destined

for the breeding or training of hawks, are entered in the Survey in

Huckiughamshire, Qloucestenihire, Worcestershire, Herefordshire,

Shrupsfairc, and, more frequently than in other counties, in Cheshire,

as well as among the lands between the Kibble and the Mersey.
Nor were hawks less prized at subsequent periods. According to

Madoz (' Hist Excheq.,' i. 273), in the 14th Hen. II., Walter Cnot, one
of the king's tenants, rendered his rent at the exchequer in three

luwkx and three girfalcons. King John had also his hawka (Pat. 4,

Joh. ui. 2) ; and uiwn the Patent Roll of the 34th Hen. III. a copy
uovurs of the letter which the king sent in that year to the king of

Norway for hawks. In the 34th E<iw. III. it was made felony to 8te,-U

a hawk ; to take its eggs, even in a person's own ground, was punish.

.-ible with imprisonment for a year and a day, besides a fine at the

king's pleasure. In Queen Elizabeth's reign the imprisonment was
reduced to three months ; but the otfeuder was to find securit}' for hia

SQod behaviour for seven years, or lie in prison till be did. (Pennant,
' Brit. ZooL,' 8vo, Lond., 1812, vol. i., p. 212.)

By an entry upon the Uriginolia Rolls of the 35th Edw. III.

(' Origin.,' vol. ii., p. 267) it appears that a falcon geutil cost 20<., a

tersil gcntil I0«., a tereil lestour Or. 8<l., and a lanner 6>. S<1. : ^ese
were the prices which the sheriff was to give for hawks for the king's

use. In an account-book of the 20th Hen. VIII. a goshawk and two
&lcons are prized at 31., and five falcons and a tersil at 8/. Bert, in

his Address to the Reiider, prefixed to his ' Treatise of Hawkes and
Hawking,' published in IfilU, says he " had for a goshawke and a
tanell a hundred marks."

Falconry was attempted to be revived by George, earl of Urfonl,

who died in 171)1 ; and in Yorkshire, Col. 'Thornton had a hawking
establishment at a rather later period. Sir John Sebright and a few

other gentlemen also practised it in Norfolk at the beginning of the

present century. As a rural diversion, however, principally in couse.

quenoe of the enclosures, it has gone into diause, though there are still

occasional attempts made for its rerivah

A list of the hawks which were most uaed by sportsmen in the time
of Charles I. is given in Walton's ' Complete Angler

;

' and on explana-

tion of the words of art in hawking will b« found in Latham's ' Falconry,'

4to, Lond., 1633.

The earliest printed treatise on hawking in English is the ' Book of

St. Alban's,' fol., 1481, ascribed to Juliana Banies or Bcmers, abbess of

SopweU. [Berners, Jvuxy.y, in Uiou. Div.] Tliere are numerous
other and curious treatises upon falconry both in Freuuh and English,

some of them of very rare occurrence. ' Le Miroir de Phebus, avec

I'Art de FaucOnerie,' published afParis in 8vo, without date, was the
first work upon the xubject printed in the French language.

FALL OF BODIES. Under this head we propose simply to explain

the lavra which reguktte the fall of a material tubatance, supposed
either to be allowed to drop or to be |>rojected directly upwards or

downwards. The motion of a body projected in an oblique or hori-

suntol direction cornea under Pbojectiles, Tiikobt or ; the nature of

the forces which cause the deaoent or retard the ascent, under Acckle-
BATED HUTIOX, ACOP.LIHATIXO FoKCE, ACCELERATION, AtTWUOU's
Macbi:(E, Gravity, &c. ; and the circumstances which influence more
or leas the results about to be specified, under Projectiles, Resist.
A^icE, UoTio:f or tbk Eartb, Motion, Laws of.

The resistance of the air does not greatly affect the motion of bodies,

nnleas either— 1, the bodies themselves be very light, as in the case of

feather*, or, 2, the relodties be very great, as in Uat of a cannon-ball.

The law according to which this resistance acts is not well ascertained

for srest velocities, but for moderate velocities it is not fur from tlie

truth to aay that it is as the square of the velodtar > ^^^"^ > ^ ".>',

whatever rsaiatanoe there may be to a velocity of 10 feet per seoonll,

there is fow times as much to 20 feet i>cr oeond, ate* times as much
to 30 feet per second, and so on.

Neglecting the reaistaiKie of Uie air, let us fint suppose a Iwdy (say

a biUlet) to be allowed t«j drop from a height abo\'e the earth. The
law of its motiou is as follows. It ao<|uires velocity luiiformly at the
rate of 32J| feet per second ; that is, at the end of a quarter uf a second

it is in such motion as would, were the action of the eartb to cease,

caiuw it to describe 8A feet in a second. At the end of one second the

rate of motion is 3i^ feet per second ; at the cud of two sccomls, 64^
per second, and so on; that is, the fall of a body is a uniformly

Accr.LKRATKD MoTlos. In the article just cited the law of thi« m ' i'

is further expUined. We shall here collect the princiiial fuin i!

connected with the subject) referring to Pexdulum and Attwoou'-.

Mai'IIINK for the manner in which the main fact of the acceleration

being 32^ feet per second is proved and verified.

Let;/= 82J
( = the number of seconds during which the motion h;u lusted

when the body has attained a velocity of r feet per second, and described

a length of • feet

First, suppose the bullet umply to drop without any initial impulse

being communicated. Then

r=gl, i=^gfi=lrl, fr = iijt.

Thus, either of the three, r,f,>, being given, the others may be found.

Secondly, sup]x)se the bullet to be projected downwards with a vel^
city of a feet i>er second : the consequence is still a uniform addition

of y feet jier second to the velocity, and we have

v=a+gt, s= a<4"4ff''i fr—a^= 2'jt.

Thirdly, suppose the bullet to be projected iipwards with a velocity

of a foot per second. The action of the earth begins by produuing a

loss of velocity at the rate of 32) feet lost ]>er secoud. Thut lostn until

the velocity of the bullet is entirely destroyed, after which it bogiiw

to descend without any initial impulse, and we have the first case

repeated.

During the ascent

v=a—gl, t=at-igfi, o'-rS=2sr«,

and the height through which the bullet will ascend is a'-i- 2 y feet,

the time of doing which is n -J- </ seconds. After this the first case may
be rei)eatcd ; but this is not necessary, for the preceding etitiations

will continue to represent the relations which actually cxiet, provided

that r, becoming negative, be interpreted as indicittiiig that the turn
has taken place and the biUIet has begim its descent, and also that «

becoming negative >j« interpreted to mean that the deiiceiit liaj< con-

tinued luitil the bullet has passed through the (loint from which it wa^
first thrown, and fallen below it. For instance (sup|>08ing y = 32 for

simplicity), let a bullet be projected tijiwanlt with a velocity of 100 feet

I>er second, where will it be, and at what nitc will it hv moving, at the
end of ten seconds ?

r=100— 32 X 10^-220, or the bullet is moving (foiminirtb at the
rate of 220 feet jier second.

»= 100 X 10- 4 X 32 X 10'= —600, or the bullet is 600 feet below the
point from which it was thrown upwards.
FALLACY, as defined by Archbishoii \\'hatcly, is any unsound moilo

of arguing which appears to carry conviction and to be decisive of the
qucHtion in hand, when in fairness it is not. Bentham's definition in

his ' IkKjk of FalLicies ' is this ;
" By the name of faU.icy it is common

to designate any argument em]>loye<l, or topic suggested, for the |>ur.

IHieo, or with a prubabihty, of producing the elFect of deception—of
causing some erroneous opinion to be entertained by imy (lerson to

whose mind such argument ui.iy have been presented." Accordingly
if an argument be undesignedly vicious, and without any attempt at

deception, it is more correctly termed a iiaralogism, and it is the in-

tention of fraud that coaititutes the fallacy or sophism. There is,

however, a legitimato use of Lillacy which is too often unnoticed by
writers on logic. Thus, in modem times Kant h.-w employed the

dilemma for a purely scientific iiurixmc ; and from the impossibility of

two op|M^8it« .ind conflicting cascn, has inferred, not as is the usual

deduction, that the hypothesis upon which they lx>th rest is false and
unt«ua))le, but that the truth is intermediate. In hke mimner lUd

Zeuo of Elea infer the inadequacy of sense to represent the tnith, from
liis conclusion that eitlier a bushel uf com must make no noise ui

falling, or else the fall of the smallest portion of a single grain mutt Iw
perceptible to the ear. Again, the famous ' Megarian fallacies of the

Heap and the Bald-hoad ' (acervus calvus), in which it is proved that

these notions are inca|>ablc of any precise determination, may havu
tiocn designed to show that the distinctions of degree (here reprOHcnted

by Heap and Bald-head) are iinavaiUble for philosophical purixweji, imd
thereby to call attention to the difficulty of admitting into science the

vague representations of sense.

Aristotle, in his treatise ' Do Sophislicis Elenchis,' has laboured to

expose and cLissify the different fallacies which he terms top/iitmala

(ro^la/iara). He divides tlicm into those ejint ilicliuntm {l(a t^i

A<{^t), where the fallacy is in the process of reasoning, and thoae in

diclioHc (rapii rtiv Klliv) where it lies in the nubjcctmatter. The foraicr

have by the schoolmen licon called formal, the latter uiateriaL Ur.

Whotcly proiKJses the terms logiad and non-logical ; which terminology
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lia.? .at least the advantage iu a scientific point of view that it excludes
from the domain of logic much that is extraneous to it ; for the fiiUacies

of form may be reduced to the syllogism with four" terms which the
,-inalytical process of demonstration can alone discover, whereas those
of the matter must be corrected by the formation of valid principles

and a correct generalisation of terms, which belong to the synthesis of
induction, which is totally alien from logic as the science of demon-
strative reasoning.

For an emmieration and exposition of the several sophisms, see the
sections on fallacy in Whately's ' Logic ;

' and for the exposure of that
class of falliicies which he has called political fallacies, the work of

Bentham, already cited.

FALLING STARS. [Aerolites.]
FALLOW operations are those acts of cultivation which depend for

their fertilising influence rather on the mere tillage of the soil, its

disintegration, disturbance, and exposure to external agencies, than
on the direct addition of fertiUsing matter. Originally the term fal/mc
applied to that portion of land in which no seed is sown for a whole
ye:ir, in order that the soil may be left exposed to the influence of the
.itmosphere, the weeds destroyed by repeated ploughings and harrow-
ings, and the fertility improved .at a less exjiense of manure than it

would be if a crop had been raised upon it. Even then a large portion
of the benefit derived from fallow was attributed to the mere tillage

operations included in the term ; but, in addition to this, manuring
was (and indeed still is) an almost invariable part of a summer fallow.

A bare summer fallow is, however, now compjiratively rare, and
fallow crops, those which allow of fallow operations during their
gro«-th, are the fertiUsing agents substituted in its place.

The practice of fallowing land is as old as the Roman Empire. It
appears that wherever the Romans extended their conquests and
planted colonies, they introduced this mode of restoring land to a
certain degree of fertility when exhausted by bearing grain. The
principle on which it was recommended was, however, erroneous. It

w.is thought that the land grew tired of raising vegetable produce and
required rest, and hence this rest was often oil that constituted the
fallow ; the tillage, which alone is the improving part of the process,
being almost entirely n^lected. WTiere Land was abundant and the
population thin, it was no great loss to allow a considerable portion of

the soil to remain >inpro<luctive ; and it was cheaper to let land lie fallow

during the course of a whole year, which gave ample leisiu^ for every
operation, than to accelerate the tillage and increase the manure put
upon it. But when land becomes of greater value with the increase of
]x>pu1ation, it is a serious loss if a great portion of the soil be thus left

in an unproductive state. Accordingly the attention of agriculturists

has been turned to lessen the necessity of fallows, and to substitute
some other means of restoring fertility. It is acknowledged by all

experience<l fanners that manure alone is not sufficient for this pur-
]io8e. The ground must be tilled and noxious weeds destroyed ; and
the only efficacious mode of doing no is to stir the ground at the time
when their seeds have vegetated, their roots have made shoots, and
before any new seed can ripen. But this is exactly the time when
com is usually growing, and when the land cannot be stirred to
expose it to the heat of the sun and to dry the roots which .are turned
up. The only apparent remedy is therefore not to sow it during one
Hummer, and on this principle lands are usu.ally fallowed. The manner
in which this is done has been noticed before [Arable Laxd] ; and
the common process is so simple, that, provided the purpose of

fallowing be kept in view, the operations require only a little attention
to time and weather to be performed aright.

There is no diSerence of opinion respecting the manner of extir-

pating weeds by repeated ploughing and harrowing, but there is with
respect to the influence of the heat of the sun upon the land. Some
men are of opinion that light is the great purifier of the soil ; that it

decomposes certain noxious particles, which are the result of the
formation of the seed, and which have been termed the excrements of

jilants. Physiologists agree that the roots draw the nutritive juices

nut of the soil, that they undergo a chemical change in the plant, and
that there is an exudation also from the roots, which may be looked
upon as the residuum of the natural process. De CandoUe, Raspail,

and other eminent physiologists have placed this point beyond con-
troversy ; but no one has yet been abl^^ collect these matters so as to
analyse and compare them ; and the re<asonings on the subject have
liecn merely conjectural. In jxirticular soils and situations a scorching
sun li.as a pernicious effect on the soil which is exposed to his rays

;

and where it is shaded by a crop which covers it completely, it seems
to have acquired fertility, which the exposed surface has not. But
this is not sufficient to establish a general nile. Some soils which are
of a wet nature are greatly improved by lieing as it were baked in a
hot sun. Not only are the weeds destroye<l by the abstraction of

moisture, but the soil thus becomes lighter .and more friable. On
sandy soils the reverse is the case, and on intenuediate loams the
effect will be more or less advantageous as they approach nearer to the
clay or to the aond. In light sandy soils, then, it is probable that the
only .advantage of a nakefl tallow is to kill weeds, especially the couch-
gram (TriHeum rtpeni), which is .apt to infest light soils : and that the
«fii])<wure to the sun in hot weather is not only no advantage, but
pri>bably detrimental. If, then, any means can be devise<l of clearing
light lands from weeds without leaving them fallow for a whole
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summer, a great advantage will be obtained. This ha oeen effected
completely by the cultivation of turnips and clover, which was first

practised in the light soils of Flanders, and afterwards introduced into
the similar soils of Norfolk, from whence it has spread all over Great
Britain, and is beginning to be adopted more generally in Ireland.
The advantage of the turnip culture is so great in light lands, that it

has gradually been extended throiigh the different gradations of loams,
till it has reached even the colder and stiffer clays, on which it would
at one time have been thought absurd to attempt to raise this root.
But this has been attended with an important benefit. It has made
the cultivators of heavy soils turn their attention to the drying of
their lands, by draining, .and to improving their texture by burning
and by deep tillage, in order to make them capable of bearing turnips

;

and although the extended culture of this useful root is not what we
should recommend for cold wet clays, we highly approve of all

improvements which will m.ake such lands capiible of be,aring good
crops of tiu-nipg. Unle.ss the turnips can be consumed by sheep on
the spot, or by cattle near .at hand, without injuring the land in taking
off the turnips and carting on the manure, there will be no gi-eat

.advantage in a crop of turnips ; and some other substitute must be
found for the occa.sion.al fallow before it can be altogether abandoned.
The gre,at hope of the clay-land farmer, as to the possibility of the suc-

cessful cultivation of a fallow crop on such land, rests on the mangold-
wurzel and the cabbage crop [Cabbage ; Ma>'«old, Caltivatioii of],

which are especLaUy fitted for soils of the stiffer cla.ss. On light lands
the preparation for the turnips, the abund.ant manuring, .and sitbsequent
hoeing, .are <as effectual in cleaning the land and bringing it into a
fertile ' stiite as .any complete fallow could ever be ; .and the clover
smothers and destroys the seed weeds which may h<ave come up
.amongst the barley or oats sown after the tuniips. There .are several

ways in which the cidtivation of light soils may be varied without
adhering strictly to the Norfolk rotation, so as to introduce a greater
variety of produce. Tares may be sown on the better sorts of light

lands after a good tillage given immediately after harvest. If they
are fed off or cut green in May and .June, early turnips may be sown
after them, which will be fit to feed off or draw for the cows in

September, in good time for ploughing up the land for wheat-sowing.
In this case the land gets all the ploughing necessary to cle.an it com-
pletely, and exactly at the best time. Three ploughings m,ay be given
after the tares if the land is not clean, and the turnips being well
hand-hoed and horse-hoed, the land will be perfectly clean to receive

the wheat-seed. Manure m.ay be put on for the tares or the turnips
;

and if these are fed off with sheep, they will so enrich the soil, that
the next crop cannot tail to be .abund>ant. As a general rule, however,
tares are better adapted for the clay soils ; and rye is a better crop to take
before turnips on sandy loam. By varying the man.agement of light

land according to circumstances, and with some judgment, many more
profitable crops can be raise<l th.an by the common simple rotation, in

which a fourth of the land is so\vn with turnips. If this crop fails,

which is often the case where it recurs so often, the whole system is

deranged, and the loss is very gre<at. The introduction of a gi'eater

v.ariety of produce in the cultivaticm of light Lands, in imitation of the
Flemish practice, and the increase of .stock kept in consequence, wojild

be an important step in the improvement of British husbandry.
On heavy soils it is often impossible to keep the land clear of weeds,

in wet climates and unfavourable seasons, without a complete fallow,

and when this is the case it is best to do the thing effectu.allj-. Upon
cold wet soils, which should always first of all be well imder-drained,
no pains should be spared to get the land perfectly clean : if both
climate and circumstances interfere with the thorough cultivation of a

fallow crop, then let the soil be exposed to the frost of two winters
and the heat of one summer and part of another, as already mentioned
[Arable Land.] Only one crop is lost by this method, and if the

land is properly worked, cleaned, and manured in autumn, it m.ay be
sown with barley or oats in the spring of the second year. The crop
will be ample, and the subsequent produce of clover equally so, .and

the land so clean, that, with proper manuring, several crops maj-
succeed, such as wheat, beans, oats, tares, wheat, without the necessity

of another intervening fallow. The advice we would impress on the
minds of the cultivators is^—Avoid fallows if you can keep your land

clean ; but when you fallow, do it effectually, and improve the soil .at

the same time by chalk, lime, or marl, according to circumstances.

Do not spare either ploughs or harrows in dry weather. If you dare

not trust to the dnainage which the land h.as received, then lay the
stitches high and dry before winter, .and deepen the water furrows

well with the spade. By following these rules the stiffest land may
be brought into a good state of cultivation ; and the farmer will not

find, by the growth of weeds, docks, and thistles, that his Labour and
manure are thrown away, as is too often the case. Experience has

fully proved that the air and the dews impart fertility to the soil, and
th.at land which has been well fallowed .and stirred requires less

manure th.an it would otherwise do. Fallowing alone will not make
up for want of manure, nor mil manuring be sufficient without
ploughing and cleaning the land jiroperly, and exposing it to the

influence of the atmosphere, especially in autumn and in spring ; but

a great saving of the one and the other may be effected, by judiciously

varying the crops so as to n<lmit of ploughing the land at different

seasons of the year.

c
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It b aMirted W tome Qld-fMhioned hrmmt tlutt the plough alone

b mfleimt tor kll the purpoea* al {allowing. Thii ia a great error,

which lead* to lueleai aad lUtnaoaMary labour. We wouk) almost aay

that ploughing the iallowt ia aerar neeeaiaty, except to enable the

drag! and harrnwa to stir the land. The first plotighing of the atubble

cannot be too ahallow, and the harrows ahooVd be set to work before

the wet weather sets in. When the snr&oe is become mellow and
clean, the land may be plotighed deep, and the anil below should Iw
brought up and exposed to the air and frtwt all the winter. In spring the

drag should begin the work again before the soil is hard. It may then

be piooghed in narrow ridges right across the old stitches, or oblii|uely,

ana lett for the influence of summer. The drags will level all these

ridgea when the manure is to be put on ; and this being ploughed, the

bod is f.t to rereive the seed, if wheat ia the crop intended. If it is

left for barley, it must hare another ploug^ng in spring, and be well

harrowed before the seed b sown, espedally if this is done by the

drilling-machine. The clorer or graas-eeeds may be sown immediately
after, and the land IlKhlly diIIcnI. There b no danger of making it too

fine in spring. Without a fine tilth no good barley can be exproted.

Ko account nf fallow opentiona would be complete without a rr-

(ereoee to the Lois-Weedon system of cultivation, in which the Iter. S.

Smith, incumbent of that parish, has improved upon the syet^m of

Jethro Tull, and been enabled to grow excellent Kucceasive crops of

wheat in the same field for more than a dor.en yuini. It is by for the
most notable illiistnttion of the fertilising influence of mere fallow

operations which this country exhibits, and it is a remarkable thing
that a practice of such proved profitableness does not more rapidly

extend. The following remarks descriptive of it are taken from the
' Agricultural Oaiette.'

''The ReT. Samuel Smith has now had thirteen successiTe crops of

wheat off the same field ; the last was 38 bushels, the previous one was
40, the one before was 36, the one before that was 87, ' and of prior

rears, beginning with 1847, the .ivemge yield may be safely given at

o4.' It is not that the land is particularly fertile ; it ' is really nothing
but the ordinary heavy wheat land of the oolitic formation. Thousands
and ten thousands of acres of the same quality extend across the
country from the coast of Dorset to the Humber ; and the rent of

such hmd is under 80«., being lower by 20<. at least than the red land
of the coimty.' These results have not been kept a secret : they have
been published far and wide—first, when agriculture was in difficulties,

as ' A Word in Season,' * for such it rarely was when we were all

denwnding over the gloomy prospect of wheat at less than 10/. a load;

and it told u* how 34 bushels of wheat could be grown perpetually on
erery acre of wheat land for less than 71., 2/. of which were rent. And
theae results have been published and republished, now a sixteenth
time, still as a ' Word in Season,' for such it will continue to be, not
only when farm profits are difficult, but so long as they are desirable.

Lou-Weedon practice and experience are verj- generally known. Is

the account of them incredible 1 Those who only know of them by
hearsay or mere rumour may perhaps plead unbelief. Hardly any one,

however, who has read the tract describing them can do so—a simpler,
dearer, more straightforward stitement never yet was written in the
Engluh bnguage ; and no one who knows either the locality or the
author can doubt it for a moment. It is perfectly true that for the
last eleren years nearly 85 bushels per acre have been amuL-Jly grown
upon the same land without maniu-e, at an average annual cost, in-

cluding rent and taxes (2/. 4». 3rf.), of 71- 3». 9rf. The Lois-Weedon
mode of growing wheat consists essentially in the deep cultivation
(during the growth of the crop) of wide fallowed intervals between
adjacent triplet rows—which intervals are the seed-bed of next year's
produce. As you walk acrott the field you traverse alternate stnps of
plant and fallow—three rows a foot apart and then a yard-wide blank.
These bUnks bein« deeply and diligently cultivated during the auttmin,
winter, spring, and even summer, while the pUnt is sproutmg, growing,
and even maturing, are at once the feeding ground of the growing
crop, and the store-house of food for the triplet rows of plants which
next ysar they are to bear. These triplet rows thus yield a good
•Terage crop per acre aimually and perpetually on what is really the
moiety of the acre where they grow. That u the fact. Wliy is it not
more generally acted on ? It ia not incredible. These fallow intervals,

though unmanurc<l directly bv the hand of man, are indirectly abund-
antly supplied with the food the whcitt-plant needs. Both .immoniacal
manures and mineral manures are addeil in abundance. That the
fertility of the soil i« unimpaired i» proved by the increasing crops it

jriclds. The drt
;

'
'

• brings the matter of the sub-
soil and the ««.: Sr the action of the rain water
and the air, ami i... ,.,..^..^„, ..;,.t ,.i,.wphates, and .ilkalies, of which
the store b practically inexhaustible, ara made ready in abundance for
the uae of the growing plant. The porous and friable conditiun of the
bod, too, under this treatment u ^ust such as enables the absorption
and retention of the largest quantity of the ammonia of the air, and
thb aooordingly b also f<imis)ie<l in abundance to the growing plant,
M well as stored up for the next yiair's crop. There is thus nothing
in the experience, when considered along with the practice, rendering
it inbervutly improbable ; or ro(|uiring us tu look with more than

• ' A Wirnl la Rea-on, or How lo Omw Whrtt with Prnat.' Bf lh» sntbor
tt ' U>l>.WMduB Uo«bs.,<lr)'.' tiiitMnih cdlttua. J. RMI«wa^, I'iccadilly.

ordinary care (or the mistake which has been made. We cannot but
believe that an experience at once to ooniiatent and so remarkable will

ultimatelv be more generallyeopied."

FALSE IMPRISONMENT b an unbwful arreeting or imprisoning,
either without just caua*, or without proper legal process. In whatever
manner the unuwful detention arise*, it is false impriaonment, for which
an action for damages lies.

\Mien erroneous process issues out of a court having jurisdiction in

the inatttT, a bailiff or officer who arrests a party in execution of it

may excuse himself in an action for blse imprisonment by showing
that the court had jurisdiction ; but if the court out of which the
process issues has no proper cognisance of the cause, then, as the whole
proceedings are coram nox judief, the officer will be Uable.

If an arrest be made by one who is not a legal officer, or who has
not at tlic time a warrant, or is not named in it, it b a fiUse imprison-
ment, for which an action lies. If a sheriff or hb bailiff arrest a man
out of hb county, or' upon a warrant of a jtwtioe whoso commission
has expired, or arrests the wrong party, he is Uable.

Mere irregubrities in bwful process may constitute false imprison-
ment ; but in such cases the judges will discharge the party upon con-
dition of hb waiving hb right »f action.

All persons concerned in a wrongful im)>risonment' are Ibble in an
action of &lse impriaonment, and the party aggrieved may sue any one
of them. Thiis, if the plaintiff in a suit brings an unlawful worrant to
the sheriff, or if he bring a good warrant but direct the sheriff to the
wrong man, the action will lie against both.

Sherifib and their officers, lug^ hailifib of the county courts, con-
stables, and other peace officers, are however protected troia the con-
sequences of a mistake by a great variety of statutes.

FALSE POSITION, a rule of arithmetic, which, though originally

applied to such questions as .ire solulile by equations of the first

degree, has been in modem writings, and upon principles explained in
Approximation and Interpolation applied to equations of all degrees.
It is however of very little use, though of some notoriety, and a general
explanation will be sufficient.

Let there be a fimction of x, ^ .r, which it b desired to make equal
to a, and firstly, let this function be such tliat successive equal incre-
ments added to the value of .t produce successive equal increments (or
decrements) in the value of ^ x (which is, in fact, supposing that <!> x
is of the form m.r + n): assume two values for r, say ^ and o, and let

the corresponding values of *j- be P and q. If then (to use the easiest

form of speech) a uniform increase of x is accompanied by a uniform
increase of ipr, and if r represent the value which makes (p .r equal to
o, it follows that the inter\-al between P and q bears to that between jt

and o the same proportion as the interval between p and a bears to
that Detween p and .r. Or .r can be obtained from the proportion

r — (i : p — q : : p — a : p — X.

If the preceding b* not easily understood, the same proportion may be
immedbtely deduced from

mp + n = p, mq + n = Q, mx + n = a

which follow from the several hypotheses made.
When ^x and .r do not increase uniformly together, it is never-

theless true that they do so nearly when the successive increments
added to j- are very small. If then p and q can be found so that r and
Q are near to a, the use of the preceding proportion will produce a
value of X which is nearer the truth than either p or o, and may be
substituted for either in a repetition of the process, which will then
produce a still nearer value.

The rule of False Position, as thus extended, b simply Briggs's
and Newton's well-known method of approximating to the roots of
equations, with thb difference, that instead of the differential c«-
emcient of ^x, the approximation (P — <i) -=r {p — q) is used. The
equation of the first degree is one in which either method will bring an
accurate result in one process ; but the notoriety of the rule of False
Position arose out of its appearing that a couple of errors, or wrong
solutions, were made infallibly to give the right result : and thus it is

tlmt Reconle says he can solve mathematical questions by taking the
answers of any children or idiots who may bo in the rormi. To persons
ignorant of algebra there seem* to be a mystery in the being able t<i

make any two guesses, however remote, to discover the truth. 'Thus,
what is that number whose half, third, and fourth, together with 10,
make 62 1 Make any guess, sajr 12 : the half, third, and fourth of 12,
together with 10, make 23, which is wrong. Make another guess, say
60, which produces 75, also wrong. The difference of the wrong
results, 75 — 23 or 52, be.ars to the tlifference of the wrong assump-
tiiins, 60 — 12, or 48, the same projiortion as the excess of the result
75 over 62 (the required result) bears to the excess of 60 over the
truth. But 52 : : 48 : 13 : 12, or 12 ,i« the excess of 60 over the
tnitli, that is, the true answer is 48, as may easily be verified.

When the o(^uation is of the form mx = o, one guess only will suffice.
If the assumption of p give p, or if m/> = F, then V : p : : a : x,

FAI^SET'TO, in Music, an Italian term, signifying a false or
artificial voice, produced by tightening the ligaments nf tlie glottis.and
thus the vocal comjiass b extcudcd about an octave liigUei'. The
Italians call the falsetto r»cc di tetla, or voice from the head ; the
natural voice voce c^i iHllo, or voice from the chest.
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u FAN. FANCY.

FAN, an instrument or machine for agitating the air by the wafting

or revolving motion of a broad surface, for the purpose of producing
artificial currents. Large revolving fans, driven by machinery, are

frequently used either to facilitate the cooling of fluids or the process
of winnowing, or as blowing-machines to urge the combustion of a fire,

or to assist in ventilation. Another application of such an apparatus
is for the purpose of regulating or checking, by the resistance of the
air to its rapid motion, the velocity of light machinery. A familiar

example of such a use is afforded by the revolving fans of a musical
snuff-box.

In its more ordinary accept<ttion the name fan is limited to the well
known instnmient employed by ladies for producing refreshing cool-

ness, the use of which, under the names Jlahdlum or jiabeUulam in

Latin, or ^nris or ^tTiaTtip (diminutive, ptviStoy) in Greek, was well
known to the ancients, whose fans, however, according to the article
' Flabellum ' in the * Dictionary of Greek and Roman Antiquities,'

edited by Dr. Smith, were not, like most of those now used, ' so con-
structed that they might be furled, unfurled, and fluttered, nor were
they even carried by the ladies themselves,' so that, as the writer of
that article observes, the various manoeuvres so wittily described in

the 102nd number of the ' Spectator ' as the ' exercise of the fan ' were
wholly imknown to the .indents. From the nimierous references
given in the article above referred to, it woiUd appear that while
ancient fans were often of elegant forms, of delicate colours, and of
costly and splendid materials, such as peacocks' feathers, they were
Htiff and of a fixed shape. Some were made of separate feathers joined
at the base, and further united by a thread passing along their tips,

and another tied to the middle of the shaft of each feather, and such

were in use in England during the reign of EUzabeth ; others appear
to have been made by fastening together, back to back, the two wings
of a bird, and attaching a handle at their base ; while others again

were formed of linen stretched upon a light frame. They were
usually held by female lUvea, beautiful boys, or eunuchs, whose duty
it was to wave them so u to produce a cooling breeze ; and the
employment, of such attandanta was not confined to ladies, for we
read in Suetonius that the Emperor Augustus had a slave to fan him
while asleep. Fans of a softer kind, to which the name of muvarium
or iuiui(r6^ was applied, were used for driving ofT flies from living

persons, from articles of food, and from things offered in sacrifice ; and
another kind of fan was employed for urging the combustion of a fire,

a practice which, to conclude our quotatiotts from the source already
indicated, ' gave origin among classical writers to expressions corre-

Npiiiiding to our*, meaning to 'fan the fiame of hope, of love, or of

sedition.'

Fans are much used in China, India, and other Eastern countries,

and thoM of the Chinese are made to fold up in the same way as those
commonly used by European ladiea. Among this people fans are used
tnr both sexes, a fan enclosed in a worked silk weath being one of

their frequent accoutrements. These are of either paper or silk, but
with the Chinese, as well as the Europeans, fans are sometimes made
of elegantly carved or perforated slips of ivory. Whatever be the
materials employed, much skill is often di8playe<l in the decoration of
fans, and in mma oases artistic talent of a high order has Irecn

appUed in {Minting them. The mode in which they are constructed
to open or fold together at pleasure is too well known to need
description.

FAN MANUFACTURE. The manufacture of ladies' fans is n
larger department of industry than would be generally supposed.
After a considentble interval, during which fans were httle used, they
came again into favour a few years ago ; and the manufacture is con-
ducted in France on a lai'go scale. The firm of M. Duvelleroy
St Paris, maaafactures fans for the courts not only of European

co\mtrieg, but for those even of Africa and Asia, amounting in some
instances to the value of lOOOi. each.

M. Duvelleroy employs many hundred persons. He has made it a
point to grasp the two extremes of the scale in costliness as well as all

intermediate degi-ees ; for he makes fans from one halfpenny each to
one thousand guineas. Every halfpenny fan goes through no less thau
fifteen hands : a proof that the facttiiy system must be thoroughly
carried out iu that establishment. Duvelleroy's fans are sent to all

parts of the world, and are now competing in the East with those of
China. Spain is trying to maintain a home manufacture, but all the
best specimens come from Paris. America affords the best markets,
for while the ladies of North America closely imiUvte the fashions of
Paris, those of South and tropical America are passionately fond
of gorgeous fans, on which exciting scenes aie painted in dazzling
colours. Duvelleroy has a large corps of artists, who study the
peculiiir tastes of every nation in their pictures and colours.

In the manufacture of fans, the chief paints are called the handle, the
brine, the panacha, the end, and the leaf. The handle is the part at

which all the rest of the fan is hinged together, and which is made of

ivory, wood, or any hiird material. The brins, or radiants, from twelve
to twenty-four iu number, radiate from the handle ; they are about
four inches long. The end» are elastic pieces which connect the brina
with the handle, and which form with them the skeleton of the fan

;

they are made of mother-o'-pearl, tortoise-shell, ivory, horn, ebony,
bone, citron-wood, sandal-wood, or plaiu wood, and are rivetted with
diamonds, gold, pearls, or more cheap material, according to the price.

The panaches are the two outermost brins, made wider and stronger thau
the rest for security. The leaf is the surface of the fan, cut into the
form of the segment of a circle. It is made of paper, of cabretille

(very delicate kid-skin), vellum, p-orchment, satin, tulle, gauze, or

crdpe, according to circumstances. There are as many folds or jilaita

given to this leaf as there are brins ; and the brins govern the opening
and closing of the leaf.

It is in the jainting aud decorating of the leaf that the costliness of

the best fans chiefly consists. Duvelleroy has a number of highly
paid and accomplished artists engaged in tliis department. The fans

sent by that firm to the Great Exhibitions in Loudon in 1851, and
Paris in 1855, e.xcitetl great attention.

FANARI0TE8, a name formerly applied to the inhabitants of the
Fanar or Greek quarter of Constantinople. After the capture of Con-
stantinople by the Turks, the Greeks of the Fanar, taking advantage
of the ignorance of the Turks, succeedetl in rendering themselves
necessary to the ministers of the Porte as translators, and to other
Turkish grandees as secretaries, agents, and men of business in general.

They were all comprised under the general denomination of Gram-
matikoi, clerks or scribes. At first they were not distinguished from
common servants; and the oflice of the ' translator to the Sublime
Porto conferrc<l no consideration on the individual who held it. The
Greek translator explained to the Turkish ministers the contents of a
foreign despatch, after which he retired into the great hall of the
palace, where he waited with other menials till his masters might
want him.

In the year 1609 a Fanariot, named Panayotidii, was first appointed
official dragoman, and subsequently all the dragomen were taken from
their class. The Fanariotes being thus the only agents of conamunica-
tion betwixt the Porte and the European governments, necessarily

ac<{uired a great influence over the Turkish government, and they took
good care to turn it to their own atlvautagu. In the beginning of the
18th century the Fanariotes succeeded by their intrigues in prevailing

on the Turkish government to choose from among them the Hospo-
dars or princes of Moldavia and Wallaehia, which dignities bad been
hitherto bestowed on natives of the above-mentioned provinces.

Mavrocordato was the first Greek who was nominated Hospqdar of

Wallaehia in 1711. A crowd of Fanariotes always followed the new
Hospodars, who employed them in different offices in their respective

provinces, where they became notorious for theii- unprincipled ex-

actions, enqiloying every means, however odious, to acquire as much
wealth as possible during their short and precarious tenure of office.

The Hospodars, who partook of this ill-gotten wealth, countenanced
and protected them in all their proceedings. The mode of govern-

ment has been since changed in the above-mentioned provinces.

These were not the only sources of wealth to the Fanariote families

:

the bankers of the Fanar disposed of the greater part of the military

and civil appointments in the Ottoman empire, through corrupt

influences. An interesting picture of the Fanariotes is given in Mr.

Hope's celebrated novel ' Anastasius ; or, the Memoirs of a Greek ;' as

well as in the ' Essai sur les Fanariotes,' by Marco Zallony ; and in

Von Hammer's ' Constantinople and the Bosphorus.'

The events which have followed the last Greek revolution, and the

subsequent events in the Turkish empire have almost entirely anni-

hilated the Fanariotes as a class, though some Greek families are still

distinguished by the name.

FANCY, a corrui)tion of pliantasy (ipairruala), which term in ancient

philosophy indicated the sensuous appearance of an object, and in a

general sense was used as co-extensive with conception, or the faculty

by which man reproduces images of objects either absent or present,

without an immediate impression on the organs of sensation. In later

times its signification hag been greatly narrowed, and it is now limited



FANDANGO. FABIL i*

to • pguticuUr prarinoe uf Uie iuu^^iiutiun, with which, huwevor, it u
oflaa Crsqueatly oonfouoded in Ioom tad inaocurmte Unguwo, uid tu

which it b employod u aquirklent Inugiution diSiBn from oon-

otptioo aithor by the mtlbtr diiitinctuoa and rividnew of its images,

or dn by oombiniug ue manifold materials of cxporiftnco into a new
and true unity. In the fonuor caae it ia merely reproductive ; in the

latter oraative, and beoomea fancy :

—

" Of all extrmal thiaf*

Wliich the Sn watchful mom* repretaat

She fonna bnoglaatiou, acrle ihapn."
MiLTox, Par. Lotl, t.

. » liigher eneii^ of the inuutiil nctivity tluui imii^^ination

it neTertheleaa aepeiiilf lit u|»>ii it, luiice it i» tUo imagination

U„. ; shea the materials out of which it creates ito pbantiuiies either

by modifying or exaggerating them, or by forming new onnbiuationa,

and by a proaopopcsialnTeating its pemonification with the properties

uf real bemga. Imagination ia necessary to authors generally, but both

imagination and £u>cy to the poet ; ihe latter presenting him witli

those lofty speculations which comprise what has been termed the

ideal of art, and furnishing the link for tluit enchainmni't of his ideas

which, rejecting the restraint of all general laws, is wholly dependent
u|>on the peculiarities of the poet's mental temperament.
KANDANQO, a quick dance in J or-J time, much adiuired and

practised in Spain, and supposed to be of Moorish origin ; though
Volney ascribes a far higher antiquity to it, believing it to have come
originally from Carthage, and thence by way of Rome into SiKiin. The
pi-obftbility however is that it was brought into Eurojie by the Arabians,

tu whom certainly it may have been transmitted from remote ages.

Like many other dances, Uiia is performed with more or less pro-

priety according to the degree of delicacy possessed by those who
practise it.

FARM. A farm is a portion of land which is set apart for cultiva-

tion either by the proprietor or by a tenant who jmys a certain

stipulated rent for it. We shall consider it in this latter sense ; and,

without entering intt) the mode of cultivation, we shall notice the

circumstances which determine the profit tliat a tenant may reasonably

expect to make in return for his trouble and outlay.

The first thing to be considered in taking a farm is the capital which
the tenant is possessed of, or of which he can procure the use at a

reasonable rate. If a man takes a farm without the means of stocking

it proi>erly, and is restrained in his first outlay, he will never be able

to cultivate it with bene&t to himself or to his landlord : he will be
obliged to sell his produce at a loss, to over-work his cattle, and to

keep a smaller quantity of stock, and consequently make less manure
than is required tu keep the farm in a productive state. It is not

sufficient that he has the means of stocking the farm ; he must have
wherewith to pay the greater part of the whole expenses and the rent

for the first year. In the present state of agriculture, a mau who takes

a farm of 200 acres of arable land, or land partly arable and partly good
pasture, will require from 1600/. to 2000/. ; and it i.^ nut the interest,

either of the landlord ur the tenant, that he should take the farm

unless he can command that sum. The amount of capital required

depends to some exteut on the quality nf the land ; very rich land may
require less capital in pro}x>rtion to the rent than i>oor land, especially

if the poor land requires draining, chalking, or marling, before it will

produce any tolerable crops. Nevertheless, the capital reqiured may
under certam styles of cultivation be in i)roportion to its fertility, for

when grazing is the nile, the stock needed will Ije in proportion to

the quantity of food to be consumed. All tiiese circumstances must
be taken into consideration before a form is hired.

\\'hen it is ascertained wliat extent of farm may be safely under-
taken with a given capital, the most important object to be attended

to ia the coiicUtion and fertility of the soil, not only with respect to

the mtuial quaUty of the land, but the actual state it is left in by the
preceding system of culti%'atiun. A moderately fertile soil, in good
condition, will give a greater profit for several years than a l>etter soil

which is inrtially exhausted and rendered fuul by injudicious manage-
ment and over-cropping Kor this purpose it is necessary to ascertain

what has been the state uf the cro|js for several years before, how the

bod has been ploughed, and whether the crops luve been heavy with

or without manure. There is no metho<l yet found out of fully

aaoortaining the com]>arative value of land which has been exhausteiL

It would be a question well worth the investigation of modem chemists,

who have made such progress lately in the analysis of vegetable sulv

itaooes, and would be invaluable to farmers and proprieturs of land.

In the mean time the nature of the wce<ls which abound on the land

will give some clue to its state ; and an cx|>erienced penton will collect

from various minute api>carances in the i^oil whether it has been fairly

managed or exhausted. It ia in general more advantageous to take a

(arm Id a district with which you are well ac(|uainted. It will be a
great advantage if you luive h.-ul an opportunity of seeing the land at

all times, obsra-ving it in dilTerent seasons and states of the weather,

lud especially of seeing the croM threshed out, and asci'rtainiijg the

'luantity uf com which is usually yielded from a certain ijuautity of

-•traw, for lands vnry similar in outward appearance will pnsliice a very

lilTerent retiuTi when the crops are threshed out. A want uf attention

to these circumstances is the cause that a nun who cumca from a

distant port of the country and hires a farm on his ou'u judgment
seldom suooeada so well as might be exjwcted, even with a siqierior

knowledge of agriculture. He naturally oomparoa the soil witli some
similar aoil which be haa been acquainted with. If he comes from a
district where the soil ia nndy, and where day is in request, he will

give the preference to very stiff loams ; if he oomea from a cold

wet clay, he will |>rcfer the sands ; and the chances are, that he is

mistaken in his judgment, and finds it out when he has already

embarked his ca{iital in a losing concern.

Next to the nature of the soil is to Iw c<)Midere<i the convenient
sitiution of the farm, the disposition of the fielcU, and the adaptation
of the farm buildings to the most profitable occu|>.ition of the loud.

The roods, espeoially those which lead to neighl>uuring towns, whence
manure may m obteined, are a most importjint object ; and if there ia

water-carriage, it greatly enhances the value of the farm. The roads
to the fields, and the distance of these from the fannyard ; the con-

venience of having good ]>astiu«, or land easily laid down to graw, near
the homestead, and es]>ecially the sitimtion of the farm-buildings with
rcs]>ect to the loud, and the abundance of good water, are all circum-
stances which must be well considered, and which will greatly influence

the probable profits, and consequently the rent nliich may be fairly

uffered. A central situation is no doubt the most advantageous for

the farm-buildings, as greatly diminisliing the labour in harvest and in

carrying out manure. But there may be eircumstancos which render
some spot nearer the extremity of the land more eligible, and it is

only when entirely new buildings are to be erected that there is a
choice. The old farm-buildings are generally in low and sheltered
situations, but it is a great inconvenience to have to carry the miuiurc,

which is the heanest thing carted on a farm, up a steep hill. The
best situation is on a moderate slope, neither in the lowest nor highest
ground.
The dis|Ki8ition of tlie buildings is of great importance both to the

landlord and tenant. I.iarge straggling buildings are inconvenient, and
cost much in repairs. The house should be neat and cumfortable, fit

for the residence of a farmer who haa a ca|Htal such as the farm
requires. The rooms shotUd be airy and healthy, facing the south,
with a neat g-ardeu in front of the house. MTien the farmery is con-
nected with the farm-house, there should be near the latter and the
farai-yard a suiall paved coiirt separated from the yard by a low wall.

In this court, which should conununicate with the dairy, the utensils

may be placed on proper benches to air and dry in the sun. The
architecture of the buildings may be left to the taste of the proprietur
or his architect. The siuipler it is, the more impropriate. The plan
of having large yards as the main feature of the arrangement—tneae
yards to be surrounded by the necessary buildings—is a bad one, but
where it prevails they should be sheltered on the north side by the
bams, which need not be so extensive as used formerly to be thought
necessary. There must be a threshing machine ; and a siugle floor to
thresh the seeds upon, and to employ the men occasionally in winter,
is quite suflicient. Every farm which is so extensive as to retjuire

more thiin one floor to thresh the com on ought always to have a
threshing-mill attached tu it. [HoHiUiTEaD.]

Yards with sheds for the cattle to shelter themselves under in wet
and stormy weather, are a great advantage, and may be added at a
trifling expense to any set of farm-buildings.

For a small occupation, where the tenant is but a little above the
rank of a d.iy labourer, a set i>f Imildings all under one roof, and
forming the longer side uf a }ti«1, which may have ojxai sheds round it,

is at once convenient and economical. If this building is thought too
long, it can very easily be divided into two, which may be placed at
right angles to each other and form two sides (N. and £.) of a square.
The farm-house and cow-house might form one side, and the stables

and bams the other. This is the more common distribution in
Flanders.

For a fuller reference t«> the subject uf farm-buildings, we must
refer the reader to the article HomK8TK.\u. A principal thing to be
attended to is to have plenty sf room for cittle ; and where old bams
remain much larger than is ro<|ulrc<l according to the present mode of
stacking com in the yanl, they can be very advantageously converted
into cow-stalls or ox-stables. Where many sheep are kept, it is of
great advantage to have a shecp-yanl, with low sheds all round, at the
time when the ewes lamb, c»i>ecially when the seoaon is wet and
chilly, which hints them mure tlian a dry frost. '

In valuing the rent of a farm the habitation of the farmer is seldom
token into accomit, and it ought not to be above the station of the
tenant ; but the buildings immediately conuecte<l with the cultivation
necessarily odd to the rent or diminish it, oh they odd to or diminish
theprdUt.
The next important question is what may be a fair rent Iwth to the

hmdlord and the tenant. This depends as much on the mode of
cultivaticm .idupted as on the fertility of the soil. The teiuuit must
Ilivo a fair interest for his capital, and a fair rennnicration fur his

trouble. In the old system a third of the gross average produce was
uuusidered as a fair rent, including all the direct jiaymeutn fur the
occupation of the Ltnd, such ,is tithes, rates, and taxes; another third
was sup]K>sed to cover the labuur and ex]H3nsc8 of the farm and interest

of capital ; and the remauting third was appropriated to the mainte-
nance of the farmer and bis fiunily, out of which he hnd to save
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whatever he laid by as a clear profit. But this calculation is no longer

applicable to the present state of agriculture. The ex[)enses are

greatly increased, and the ])roduce is also greater. It requires a
grciiter capital, and more skill to manage a large farm. The teiiaut is

a man of more liberal education, and his habits are more expensive.

The occupier of 500 acres of laud in England expects to live as well as

a laudowuer of 500/. a year income. He cultivates better by applying
more labour, and much of the produce is owing to his skill and his

Civpital. He therefore expects a greater share of the produce than the
landlord, not .only to repay his outUvy, which is greater, but to live

upon.
In Scotland, it is notorious that rents are much higher than in

England, not only for small occupations, but for extensive farms
;

and that the tenants have compUiued less of the times than their

neighboiu's in the south. It may be worth while to inquire into the

cause of this, for the low price of corn must affect the Scotch farmer
equally with the English. One great difference between the Scotch
and the English farmer is, that the former gets work done at a cheaper
rate than the latter. The Scotch labourer is fully as well fed, and
clothed, and lodged, as the English ; but he has less money to spend at

the alehouse. He is paid, not in a certain sum every Saturday, but in

comforts, in the keep of a cow, in a certain nimiber of rows of

potatoes, a certain quantity of grain, a cottage to live in, and oat-

meal to feed his &mily; and above all, as a general riUe it must
be admitted that he is a man of greater intelligence. The horses

of a Scotch farmer are well fed ; they are always in good condition.

They work ten hours in a day at two yokings. AU this is worth 25
jwr cent, on the whole labour of the farm, as Arthur Yo\mg has very
judiciously calculated, when he gives the expense of labour on the

faiin of a gentleman, compared with that on the land of a farmer who
works with his men. (See ' Farmer's Guide.') The moral effect of an
intereot in the work to be done, when opposed to that of a perfectly

distinct and often hoetile interest, will readily account for so great a

difference.

But besides this the Scotch farmer has perhaps more commonly than
the English man the advantage of a scientific education, and of a

knowledge of the principles of his profession ; and with the shrewdness

peculiar to his country, he knows how to take advantage of every

favourable circumstance. He has also been taught to calcuLite, and
will soou tliscover where there is a profit or a loss. AU this has kept

up rento to a much higher level than in England.

The price of agricultural produce throughout Great Britain, and even

Ireland, is brought very nearly to an equality, the only difference being

occasioned by the means of transport. But the price of labour still

varies much, and this is owing to local circumstaucea, which it is hoped
will gradually cease.

Farm Accounts.— In proportion as the management of a farm
r»iuire8 more skill, and the various operations become more compli-

cated, so the necessity of great accuracy in the accounts becomes more
evident. The manner in which farm accounts should be kept deserves

therefore larticulnr attention.

Many farmers, who are not devoid of intelligence, and who are

anxious to ascertain their gain or their loss in cultivating the land

which they have hired, have no other means of ascertaining this than
the balance of theii- account of receipts and exiKjnditure. If they have
separated the accounts of their private establishment from that of

their fuiu, they think that they have done all that is reqtiired, and at

the end of the year they can tell accurately how much they have gained

or lust by their farm. But ask them to account for this gain or loss,

and they can give no answer. If a tradesman, who has a capital in

business equal to that of a farmer of a considerable number of acres,

were to keep accounts in this manner, and become a bankrupt, no one
would hesitate in saying that he failed because he kept no regular

accounts. He had no greater stake than the farmer, and his trans-

actions were perhaps less varied : if he kept no clerk, he should have
attended better to the accounts himself. The same may be said of the

farmer ; and if a man who has a fioating capital of 20002. does not

think it worth his while to keep detailed accounts, it is no great wonder
if be is involved in difficulties. But it may be said that agricultural

accounts are very simple, and that any one can keep them. So are

merchanto' accounts at first sight. Nothing is simpler than to put
down what is bought and sold, what is the {jrofit on each transaction,

and the sum is the profit on the whole. But merchants know that to

keep this very simple account many books, many entries, many checks,

and consetpiently many clerks, are required. In a lesser degree this is

true in a farm. It is easy to know what is liought and sold ; what is

expended or produced ; but it requires very minute accounts to ascer-

tain what [jart of the ^rm gives a profitable return, and what is the

cause of loss. There may be a profit on the crops and a loss on the

tqpk, or tice vend. The money expended on improvements or adven-
titious manure may have produced an increase which is proportionate

to the outlay, and wliich affords a good interest ; but it may also be a

decided loss. How is this to be ascertained, except it be by accurate

accounts ? The expense of keeping accounts is much overrated. A
clerk who has his board and 30/. a year is generally a young man who
has some education. He is uscflU in seeing that the operations ordered
by the farmer are duly exectitcd. He is a trusty overseer, and, as he
ba his accutiuts in his thoughts, be is most likely to detect the cause

of any loss, from a want of attention in subordinate agents ; his salary

is therefore well earned, aul the farmer will not think it thrown away.
In whatever manner the accounts are kept, whether by the farmer
himself or by a clerk, method is of great importance : and whatever
may be said ag;unst it by those who do not know its value, there is no
system of accounts which can be compared with the well-known method
of double entry, by which every account, and indeed every entry, is

effectually checked. [Book-kekpijjo.] The principle of this method
is so simple, that the slowest arithmetician cannot be coufased by it,

and it is so perfect that no error can escape its scrutiny. As applied
to agricultm-al accounts, which are simple in their nature, it becomes
so clear, that if once adopted it is impossible that it should ever bo
abandoned. The satisfaction of a perfect proof of the correctness of
the accounts is so great, that no one who has ever experienced it will

be satisfied with any other method.
In the accounts of a farm there are many separate items to be taken

into consideration. There mai/ be a separate account kept for every
field. There should always be one for every crop of which the rotation

consists. There is an account of the labour of men and horses ; of the
produce of the dairy ; of the stock purchased to be fatted, or sold

again in an improved state. In short the divisions of the general
account may be increased without limit. The more subjects there arc
to fiu-nisli items for an account, the more difficult it is to strike a
balance, but, with a little attention and perseverance, it may be done

;

and he who keeps very correct accounts will always be the first to

discover any impending evil, and to take measm-es to providu
against it.

The basis of all the accounts is a daily journal of every transaction,

which must be collected from all the labourers and agents employed.
M. de Dombasle, at his celebrated farm of Roville, in France, had all

his principal servants and his apprentices assembled every evening
after the day's work was over. Each man gave an account of the
work done by him or imder his superintendence, which was written
down by the clerk. The oitlers for the next day were then given, and
every one returned to his lodging or his home. In the course of the
next day the clerk entered all that was in the journal into a book,
where every person employed had an account ; every field had one

;

every servant and domestic animal had one ; and every item wliich
could be separated from the rest was entered, both as adding to the
account or taking from it. For example, the milk of the cow w:i«

entered daily. The quantity of butter, butter-milk, and skimmediuilk,
which it produced was also entered ; and these two accounts checked
one another. Any error was immediately detected, and the knowledge
of this prevented mistakes. An entry should be made of every par-
ticular ojieration in each field, that the farmer may know which is his

most profitable land. The number of ploughings, the quantity of

manure, the state of the weather, and all other cucumstances which
nwy influence the return should be carefully noted, in order that it

may be clearly seen whether any experiment or deviation from the
usual routine is advantageous or otherwise. Thus all real improve-
ments may be encouraged, and uncertain theories detected by the
result.

The most important circumstance which influences the profits of a
fanner is the cost of his team and the wages of his labourers. Theao
vary in different situations so much, that they greatly influence the
rent which he can afford to give for the land. In some parts of the
country the horses are so pampered that they can scarcely do a day's

work as they ought. In others they are over-worked and badly fed.

Either extreme must be a loss to the farmer. In the first case, the
horses cannot do their work, and they consume an unnecessary quantity
of provender ; in the other, they are soon woni out, and the loss in

horses that Ijecome useless or die is greater than the saving in their

food, or the extra work done by them. A horse properly fed will work
eight or ten hours every day in the week, reatuig only on Sundays

;

by a judicious division of the labour of the horses, they are never
over-worked, and an average value of a day's work is easily ascertained.

This, in a well-regulated farm, will be found much less than the common
valuations give it. It is here that most of the errors are to be detected

in the accounts of the expense of cultivation given in evidence before

]>arliament, without auy intention to deceive in those who gave the

accounts. There have been pruited forms invented in order to render

the accounts more simple as well as more comprehensive. Fonua may
be of use to enter minute details, and each superintendent labourer

may have a form of entry for the work which he performs or supeiin-

tends ; but the ledger should be kept exactly as that of a mercantile

man, and be frequently balanced to ensure coirectness. This is a thing

which cannot be too strongly recommended to young farmers.

When a farm has been agreed for as far as rent is concerned, there

are always conditions in a lease, which it is of great importance to tlie

farmer to understand fully. It is necessary that the landlord should

have some security against the wilful deterioration of his land by a

dishonest tenant, but agents are too apt to cramp the tenants by pre-

scribing the exact mode of cultivation without giving the tenant

sufficient scope to try improved methods, which may ultimately be

highly beneficial to all parties. If the landlord can ensure that Ids

land is in the hands of an intelligent tenant, and a man of principle as

well as skill, tliat will secure the application of the proper quantity of

manure, and that it shall be well tilled and kept free from weeds,
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h* iMtd not b*v* aaj othtt prgtaotion, unlaM it b* for tha bat two or

thn* T**n of the Imw, wh«n tha tMiat might ba induced to orar-

oraw tat land, and thus wihwiit it.

Ill aitarii^on > farm thara ia aftan a heavy demand on the in-coming

taoaot for wurl. dune by tha indaceMor, fur a suppoaed remaindar of

manure, and variuua other itema, which are luuaily settled by referenoe

to the oustoui of tha oountry. Some ganenl rule is required to regu-

late all thaw demands, which are oltiBn exorbitant, and cripple the

io-comlng tenant in his capital. It is just that an out«>ing tenant

hould be rraaid for any permanewt improvement which he baa made,
and of which he baa not reaped the whole advantage, and that ho
itbiiuld be euvouTiged to keep up the prujier cultiTntiixi of the land,

•u that Uie in-oouiing tenant may be able to cuntinuo the regular

ooursa. But this he will not do, unleea he expect to be remunerated.

On the other hand, it is also jiuit that the in-coming tenant should

not pay for work slovenly done, or for supposed remuanta of manure
which do not exist iu Uie bind. We have known instances where tha

valuation of all the items to be paid for by the in-coming tenant

greatly diminished his capital, and crippled his operations for several

yaan. There should therefore be a separate stipulation on this head
before a farm is finally hired. [Texaxt Rigut.]

FARMEKS general, Fenuiers Ci<!Ddraux, was the name given iu

Franoe under the old monarchy to a company which &rmed certain

branchea of the |>ublic revenue, that is to say, contracted with tho

government to pay into the treasury a fixed yearly sum, taking upon
jtaolf the coUectiun of certain taxea aa an eqmvalent. The system of

farming the taxes was an old custom of the I' rench monarchy. Under
Francis L , the revenue arising from the sale of aalt was fanned by
pri^'ate individuals in each tonn. This monopoly was first assumed
by Philippe de Valois, in 1 350. Other sources of revenue were like-

wise &ruied by several individuals, most of whom were favourites of

the court or of the minister of the day. Sully, the able minister of

Henry IV., seeing tlie dilapidation of the public revenue occasioned by
this system, opened the contracts for farming the taxes to public

auction, giving them to the highest bidder, according to the ancient

Roman practice. By this means he greatly increased the revenue of

the state. But the practice of private contracts through favour or

bribing was renewed under the following reigns ; Colbert, the minister

of Louis XIV., called the farmers of the revenue to a severe account,

and by an act of power deprived them uf their enormous gains. In

1728, under the regency, the various individual looses were united into

a Ferme O^^rale, which was let to a company, the members of which
were himceforth caUed Fenniera Q^ndraux. In 1759, Silhouette,

minister of Louis XV,, quashed the contracts of the fartaers general,

and levied the taxea by hu own agents. But the system of contracts

revived : for the court, tho ministers, and favourites, were all well

disposed to them, as private bargains were made with the farmers

general, by which they paid large simu as douceurs. In the lime of

Kedcer, the company oomnsted of 44 members, who paid a rent of

IM mUlions of livras, and Neoker calculated their profit at about
two millions yearly, no very extraordinary sum, if correct. But the

revolution swept away the farmers general, and put an end to the

system of fanmng the revenues ; it equalised the duties and taxes all

over France ; but the monopoly of the salt and tobacco has remained,

aa well as the duties ou provisions, cattle, and wine, brought into Paris

and other large tuwna, and the right of searching by the octroi officers,

if they think fit, all carriages and individuads entering the barriers or

gates of the same.

The system of farming the taxes, although generally disapproved of,

is still continued in some European states. Not many years ago the

custom-house duties at Naples were farmed by private speculators.

The Roman system of levying taxes, at least after the Republic hnd
begun to aoqture territonr out of Italy, was by farming them out. In

the later period of the Republic, the farmers were from the body of

the eiiuestrian order. Individuals useil to form companies or associa-

tions for farming the taxes of a jiartioular district ; the taxes were let

by tha censors for a periol of five years. They were probably let to

tooee who bid highest. These &rmen were called publicani, and by
the Greek writers telonie (rtMinu), which la rendered by publicans in

tha Eni^iah version of the New Testament, where tbey are appro-

priately classed with sinners, for they were aoctued of being often

dty of great extortion. These tax-collectors in the province were,
ever, only the agenta. The principals generally resided at Rome,

where the albin of each aaaoctation (sodetaa) were managed by a
director called a magiater. The individual members held shares (partes)

in the undertaking. There was also a chief manager in the province

or district of which the company fanned the tax, who was called

pro-magister.

There are no means of knowing what pniportiona of the taxes col-

laeted reached the Roman treasury (lerarium). Nnmerous complaints

of the rapacity of the publicani or thwr agoits occur in the classical

writsrs. Theae publicani were the monied men of the htte Republic
and the early empire, and their aid was often required by the state for

•draaoes of money when the treaatuy was empty. Part of the mal-
adminiatrBtion probably came from the publicani sub-letting the taxes,

whieh aeema to have been done, sometimea at least

FARTHING. [IfoDST.I

FARTHINGALE, or VARDINOALE, a hoop, a circle of whalebone

fomMriy worn by ladies to qmad the patUooat to a wide circum-
feraooe. Stnitt, in his 'Maimers aai Customs,' vol iii. - - "' ''^

tells ua that among the man, early in the reign of Queen K! \

wearing of great broeehea waa carried to very absurd an>!

lengths ; and the ladiea, that they might not be behind-hand with the
gentlemen in fantastical taste, invented the large hoop farthiugaleM as a

companion to the trunk-hose or breeches. The fvthingale aflixxlol

the ladiea a great opportunity of displaying thor jewels, and the ntlier

ornamental |iarte of their dreaa, to the utmoat advantage, and for that

reason obtained the superiority over the closer hsblta and the more
simple imitations of nature.

Bolwer, in his ' Artificial Changeling,' says, when Sir Peter Wych
waa ambassador to the Oroud Sigmor from King James I., his lady was
with liim at Constantino)>le ; and the sultaneas, having hi«rd much of

her, desired to see her ; whereupon Lady Wych, acoompanie<l with her
waiting-women, all of them dressed in their great farthinguleii, which
waa the court-dreaa of the English ladies of that time, waited upon her
highness. The sultaneas received her with great respect ; but wondering
much at the extension of her hipB, inquired if that ahape was pecidiar

to the women of England ; to which the lady replied, that the Engliah
women did not differ in shape from thoae of other countries ; and, by
explaining to her the nature of the dress, convinced the sultaness that

she and her companions really were not so deformed as they appeared
to be. (Strutt's ' Habits of the People of England,' vol. u.)

The farthingale, however, if not then, waa at least subsequently worn
thriiugb Europe, The French farthingale had thename of Ilamtie-ctU ;

see Cutgrave. Lascells, iu bin ' VOTSge of Italy,' 12mo., 1655, p. 94,
says, " I found all the great ladiea here to go like the donnas of

Spain in guardinfantos, tLat is, in horrible overgrown vertigals of

whalebone ; " and Pepys, in his ' Diary,' notices the strangeness of thoae

worn by the ladies who came over from Portugal with Charles the
Second's queen. The hoop, the successor of the farthingale in

England, went out at the b^inning of the reign of Qeor|:,'u IV., who
forbade its being worn at court. In 1858 and 1S59 a modified revival

took place. The hoop was no longer worn of the same size from the
hiije, but, under the name of crinoline, began a little larger than the
body and swelled to an enormous size near the feet.

FA.SCES. [Co.nsul; DlcraTOB.]
FASCINES (Mditary) are bundles of strong brush-wood, employed

chiefly fur the purposes of reveting the epaidements of batteries and
covering the roofs of field-magazines and blindages; and also with
gabions to increase the heights of trench parapets, and to moke
temporary roods over marehy ground.

They are formed by placing the rods side by side in a cradle made of
treaties placed about 4 feet apart, and compressing them by means of
two levers connected by a chain, which is passed round the bundle :

the whole is secured by withs or binders of spun yam, which arc
placed 1 8 inches asunder. Fascines are commonly about 8 or I> inches
in diameter, and, when mode, ore 18 feet long; but' they are then, if

necessary, cut by the saw into parts of any required lengthn, which are
generally 6 feet or 12 feet. A fascine of the longest kind is sometimea
called a saucisson.

When fascines serve for tho revetment of a battery, they .ire usually
laid horizontally, one line above another, agninst the interior slope of
the epaulement, to which they are attached by pickets driven through
them into the earth.

FASCINES, in (Xnl Entjineering. A species of light defence
(applied to the earthworks thrown up for the purposes of closing small
branchea of rivers, or of regtdating tho flow of the water), composed of
small twigs bound together in bundles, and fastened to tlie ground by
means of stakes and withes, is known among civil cagiDeers by the
name of fateine Kork. The bundles of twigs ore made from the clearings
of imderwood and of dwarf trees, such as the aah, oak, li.-uvl, alder,

willow, thorn, bramble, &c., of about six or ei^t years old, tho butt
ends oif which ore all placed at one end, and in no case should the
branches exceed 4 or 5 inches in diameter. The diameter of tho bundles
may vary between 1 foot 6 inches to 4 feet 6 inches at the larger
encl, and their length would, under these circumstances, range

'

between 5 and 10 feet; the twigs being retained in their povition by
means of withes (or twisted twigs which tie the bundles together),
placed at intervals of from 1 foot 4 inches to 1 foot 8 inches from one
another. Theae bundles, or fascines, are either plaoed by hand upon
the surface to be protected, or they are formed into species of rmfts

which are floated over the position they are intended ultimately to
occupy, and aro then sunk upon it, by being loaded with stones or
gravel. The stakes or pickets are then driven through the bed of
uadnes into the bank, and they are conncctol tt^gether by stouter
withes, which inss altematuly round the heads of tlic- stakcx, in such a
manner as to form square cases, to be subsoi^iiuntly tillol in with
rubble. It is supposed that the species of matting thus funneil adapts
itself with case to the irregularities of tho surface of the earthworks

;

but its principal advantage aeems to consist in the fact, that it dis-

tributes the weight of tho pitcldug course over tho whole area, and
thus prevents it from sinking into the body of the earth.

Fascines are much used by the Dutch, Qenuau, and French en-
gineers; especially in the works executed for the iirotection of the
banks of the Rhme.
tho hydraulic works

A deecription of the various systems adopted in
of .that ^river will be found in ' Les Aonales dea
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Ponte et Chauss^e,' for 1833 ; or the reader may refer to Belidor's
' Architecture HydKiulique,' or to Sganzin's ' Cours de Construction,

edite par Reibell.' Sometimes civil engineers of the Continent employ
large fascines, which form, in fact, baskets filled with gravel, and are

known by the local name of saiicissons ; or they use large square or

triangular prisms to form the hearting of their banks. It is on the
shores of the Lower Rhine especially that the fascines are formed into

gigantic rafts, as above mentioned, of from 3000 to 4000 yards super-

ficial, which are subsequently fioated over their intended position, and
sunk by the addition of gravel, or stone pitching. The Dutch engineers
frequently use bundles of reeds for the same purposes as the fascines, at

least in the protection of exposed surfaces of their dykes ; whilst

they also occasionally line the surface jf a slope, intended subsequently
to be pitched, with bundles of straw, when the price of fascines is so

great as to render their use impracticable.

FAST, abstinence from food, more particularly used for such
abstinence as a religious observance ; from the Anglo-Saxon /(P«taK.

Religious f.isting has been practised in almost all ages and all

countries. Moses appointed that of the Day of Expiation for the
Israelites. Herodotus (ii. 40) and Porphyry, give us details of the
Egyptian faats. Among the fasts of the primitive Chri.stians, the
greatest was that of Quadragesima, or Lent : but they likewise observe<l

the Jfjiinia qiuUuor temporiim, or fasts of the four seasons.

The fixed days appointed by the church of England for fasting are,

first, the Forty days in Lent : second, the Ember days at the four

seasons, being the Wednesday, Friday, and Saturday, after the first

Sunday in Lent, the Feast of Pentecost, September 14th, and December
13th ; third, the three Rogation days, being the Monday, Tuesday, and
Wednesday before Holy Thursday ; fourth, all the Fridays in the year
except Christmas-day. Other days of fasting are occasionally appointed
by royal proclamation. The Long Parliament appointed a fast on the
last Wednesday of every month.
The Roman Catholics, the Greek Church, the Jews, the Moham-

medans, the Buddhists, all keep certain fasts, as a religious observance

;

that of the Mohammedans being very severe.

FASTI were marble tables at Rome, on which were inscribed the

names of the consuls, dictators, cen.sor», and other principal magistrates

of the republic. Fragments of these tables have been collected, and
are ranged along the walls of one of the halls in the palace of the
Conservatori on the Capitol. The deficiencies in the series of the
consuls have been supplied by means of the historians, and by con-

sulting monumental inscriptions. Several learned men in modem
times have compiled fasti, or chronological tables of the Roman
consuls. Among the most learned and accurate of these compilers is

Sigonio of Modena, who publishe<l his ' Fasti Consulares ac triumphi
acti a Romulo rege ad Titum Ca-sarem,' foL, 1 559 ; with a dissertation
' de nominibus Ronianorum,' a work of great erudition and exact

criticism. Pighius published ' Annates Magistratuum et Provinciarum
S. P. Q. R. ab Urbe condita,' fol., 15&9. Labbe, in his ' Bibliotheca

Nova,' published ' Fasti Consulares ' out of a MS. of the college of

Clermont. Other editions of the Fasti have been m-ide from various

Bonrcea. Between these liiits occasional discrepancies occur as to the

names of some of the consuls, and the particular years of their consul-

ships; for, notwithstanding the labours of critics and antiquaries,

there is still some uncertainty about Roman chronology. The word
Fasti is often used as synonjrmous with tlie annals, or chronicles of a
nation. The ' Fasti Hellenici,' and ' Fasti Romani,' by H. F. Clinton,

are valuable works of this description. [Cliston, H. F., in Bioo. Div.]

The Romans h.-ul another kind of fasti, which they called ' Fasti

miuores,' a kind of almanacs, in which were registered the periodical

festivals, games, official days for business, &c. Ovid wrote a poem
explanatory of these fasti, which he dedicated to Qermanicus, and in

which he described the origin of the festivals, and the recollections,

either happy or calamitous, connected with the various days of each
month. The poem, as we have it, is in six books, one for each of

the first six months in the year ; the rest is unfortunately lost.

FASTING. [ABSTDiE-NCE.]

FATA MORGANA. [Rbtleziow and Refractiow, Extbaobdi-
WABY ATMOSPHEBIc]
FATALISM. This terra is used to express an article of philosophical

religion, and usually signifies that the successive actions of mankind,
and even the successive operations of the powers of nature, are under
the giiidance of some superior almighty |K)wer, so that these iiirrexiiom

and the actions themselves are entirely independent of each other.

This doctrine boa been embodied in all religious systems, though very
different names have been given to the governing power. The Greeks
called it m'nra or ananie, and the Romans called it/a(<!; their mytho-
logy also mentions a Demiurgus, who had formed the gods. All the
ancient religions of Asia recognise a similar fate, something mightier
than the gods, to whom it dictates laws ; such, for example, as the
alternating governments of Ormuzd and Ahrimanes in the Persian
mythology, tc. Among the Hebrews the Pharisees were fatalists, the
Sadducees materialists, and the Essenes deists. The old Germanic
religion of Odin modified this fate, and brought it nearer to the idea of

the government of the world by a deity, identifying it with their

highest god, whose name was not to be pronounced. From this point

fate changes to what is calle<I predestination (in opposition to chance),

which idea ia only a mitigated fate, distinguished, however, from

genuine fatalism in proceeding directly from God, and not from fate.

This belief in predestination was taught by Mohammed, and his

followers have retained it. Roman Catholicism has no trace of this

doctrine, but it is held by the Calvinists, and to a certain extent at

least by the church of England.

The doctrine of fataUsm, as is well known, has been frequently and
efl'ectively used both by ancient and modem poets.

Intimately related to fatalism is the doctrine of the immediate and
direct intervention of Providence in the government of the world.

According to tiiis doctrine the consequences of the actions of mankind
depend wholly upon the actions themselves ; God, however, is able so

to conduct these consequences, that collectively they shall result in

goo<l, and conformably to his purpose. To comprehend this working

precisely is impossible for man, since his mental powers are not suifi-

ciently extensive, and this dogma must therefore be a matter of faith.

This doctrine is held by many Christian sects, and in the Bible there

are passages strongly in favour of such special intervention ; for

example, Matthew x. 29, " Are not two sparrows sold for a farthing ?

and one of them shall not fall on the ground without yoiu- Father."

The third or deistical interpretation of this doctrine teaches the

complete non-intervention of the Deity in the affairs of the world or of

mankind : we may also call this doctrine the doctrine of theological

ch.ance, which may still be consistent with that of physical necessity,

according to Kant. The doctrine of physical necessity was advocated

by Hobbes, and serve<l for the foundation of the charges against him
of deism and atheism.

If we consider these doctrines in a philosophical point of view we
may come to the following results :—The theological theories of fatal-

ism, predestination, the immediate government of God, and his non-

intervention, evidently bear an analogical relation to the political

systems of despotism, constitutional monarchy, and republicanism.

Accordingly as every one may have grounds for being an adherent of

one of these political systems, so may he also have gi-ounds for being

a follower of one of these theological views. According to the ideas

and investigations of the author of this article, God may have positively

fixed, before any creation of the world, the eternal ideas, or the

relations of things to each other within' the circle of which nature and

human intelligence have to move. These ideas are (1) for nature,

self-preservation, or continuance, of which the product is attraction,

&o. ; regularity, producing crystallisation, &c ; and adaptation to

purposes, producing organisation, &c.
; (2) for human intelligence,

self-love, beauty, and virtue. In so far as nature and humanity with

all their efforts cannot move out of this sphere of ideas, so far fataUsm

and predestination exist. The efforts of nature to adapt means to

ends, and the endeavours of the wise after virtue (or human happiness)

appear to produce an ever-increasing progression, and in tliis sense

they constitute an intervention of Providence—since nature being

wholly bound, and God absolutely uncontrolled, man stands between

both ; so that though he is not absolutely free, yet he is free to work
his ultimate ends out of himself ; he is free whenever he acts morally,

and he is not free whenever he acts immorally (or rather physically),

and he may thus arrive at the conscio\isness that his state in another

world entirely depends on himself. With this conviction every species

of intervention would appear less harsh towards him, and without

these grounds he may be doubtful whether any diiect intervention

exists with respect to worldly affairs.

An intervention of any other kind than that of God would lead to

the doctrine of demons and spirits.

FATHER. [Parent and Child.]

FATHERS OF THE CHURCH is the name given to the early

teachers and expounders of Christianity, who lived between the second

and the sixth centuries of our sera, and whose writings are looked

upon as possessing considerable authority in matters of faith. The
earlier, or " primitive fathers," as they are sometimes styled, to distin-

guish them from the fathers of the fourth and fifth centuries, and

who followed close upon the apostolical age, or the age in which

the Apostles lived and died, are generally reckoned as follows. Ist,

Clemens Romanus, or Clement I., bishop of Rome, who died about

A.D. 100. 2nd, Ignatius, bishop of Antiooh. 3rd, PoLYCAnpus,

bishop of Smyrna. 4th, Justinus, or Justin Mabtvb. 5th,

Theophilus, made bishop of Antioch about 169, died about the be-

ginning of the reign of Commodus : there is extant by him a work

in three books, addressiKl to Autolycus, a heathen friend of Theophihus,

whom he endeavoured to convert to the Christian faith. 6th, lni:N.T;r s,

bishop of Lyou. 7th, Clemens, Titus Flavius Alexandrinus. 8tli,

Cyprian, bishop of Carthage. 9th, Orioen of Alexandria. 10th,

Gbeoobius, called Thaumaturgus. 11th, Dionysius, bishop of Alex-

andria, also a disciple of Origen : was banished under Valerian to the

deserts of Libya, but was restored to his see under Gallienus, was

eng.aged in controversy with Sabellius, Nepos, and Paul of .Samosata,

and died a.d. 265 : of his numerous writings only fragments remain.

12th, Tertullianus of Carthage.

We now come to those Fathers of the Church who flourished in the

fourth century, after Christianity had become the religion of the

Empire, an a^e which may be styled the Augustan age of ecclesiastical

literature, for the number and the merits of the writers whom it pro-

duced. The fiithers of this period are generally ranged in two

classes—Fathers of the Greek or Eastern Church, and Fathers of the



u FATHOM. FAU83E-BRAYE.

Latin Church. The former are: lit, ErsKBirs of CKMrea. Snd,
ATBAXAtU'8, biihop of Alexandria. Srtl, Bas-imcs, buhop of C^oaarea.

4Ui, OReooHiirs uf Xaiiaasua. Sth, ORixiORics, bishop of Nj»sa.
6th, Ctrii., biihop of Jenualeiu. 7th, Chiiybostom, St. Joii.*(,

patriarch of Constantinople. Sth, EPHifHA.MUs, bishop of R*'""'-

Uth. Ctrii., bishop of Alexandria. To the above must be added
Kpliraim the Syriaa, deacon of Edessa, who died about 878, and
whose works hare beoi publi^ed in the original text by Asaemani.
The Father* of the Latin Church are : 1st, Lactaktivs. 2nd,

HiLARics, biahop of Poitiers. 3nl, Ambrose, archbishop of Milnn.
4th, JKKoin!, the translator of the Bible. Sth, Auoi-stink, bishop uf
Hippo. With Augustine the list of the great Fatherx of the Church is

gvnmally CDnsidernl as terminating, although thiit title has been also

bestowed on some subsequent prelates and tbeulogiaus; but these,
mdt as Bemaid, Thomas AquinsD, Sx., are mure properly distinguishotl

by the name of Doctors of the Church.
Of all the lathers whose names in the foregoing lists are printed in

small capitals there will be found notices in the Bio<iRAi'niCAi.
nrvisiox.

The study of the Fathers is interesting and im^iortaiit not only to
theologians, but to those who would examine carefully tlie philo80)>hy
and the state of society in their time.
FATHOM. [Weights a.vd Measures.]
FATTY ACI1>S. Fata and fixed oils consist for the most part of

glycerin united with an organic acid, and when such fats and oils arc
boiled with basic substances, especuUIy u-ith the alkalies and alkaline
earths they are decompoeed, the acid \initing with the base, whilst the
glycerin is set at liberty. This process uf decomposition is commonly
tenned sopoai^^fioa, because it is the one essentially employed in the
mannfacture of soaps. The acids thus extracted from the fata and
oils arc frequently «i>f)lcen of under the name of fatli/ acid*. They
belong to two distinct groups of organic acids, namely, to the aeries

h.tnng the general formula, CnHnO, and to that bavmg the general
fomiula, CnH(n — 2) 0,. By the action of oxidising agents upon some
of the members of these groups, a third family of acids of tlie form
CnH(n —2)0, is produced. The acids belonging to the latter family
are bibaaio. The following list gives the names and formultc of the
members of these three series of acids :

—

modem. This statue was formerly one of the moat remarkable objects

ill the Roiidinini palace at Rome. It was brought to EngUntI in 1826 :

and it would, it is said, have been brought here several yean earlier.

Acid< harinr the Adda bsTliiK the Acidi hsTlni; the
fonnals CuHnO,. formuls CnH(n— 2)0,. fonnula CnH(n— !)0,.

Monobatic. Btbasie.

Formlo . C, H, 0,

Acetic . . C, U, 0, Oxalic . . C, n, 0,

Propionic . C, H, O, Acrjrllo . C, H, 0,
Bmj-ric . C, 11, 0,

Vsltrianlc. C,.n,,0, Suorlnic . C. 11, 0,
Csproic . C,,H,,0. Anirrllc . C,,n, O, Adiplc . C,,n,,0,

<EnanthvlicC,,H, ,0, Ptmclic . C,,H,,0,
Ciprylie . C,,n,,0, Bobrric . C,,HnO,
Prlargonie C,,U,,0,
Butlo . . c,,n,,o, Sebstic . C,,n,,0,
Ijnrlc. . C,,II,,0,

.VyrUUc . C„H„0,
PsImlUc . C,,H,jO, Phyietolric C,,H,,0,
SlMtic. . C,,Hj,0, Oleic . . C,,H,,Oj
Arschidlc . C.,n,,0.

Orotic. . C,,II,,0,

Hditsls . C,,H„0, •

Detailed descriptions of these acids will be found under their

respective namea.
FAULT. [Mraixo.]

KAITX, KAUNUS, was the name given in the Roman mythology to

the gods or genii of the wuods, corresponding with tlie Panes of the
Oredc mythologj-. The Fauni were supposed to bo tlie descendants of

Faiinua an old mythical king of Latium, who resided in the forest

Albunea with his wife Fauna or Fatua, near the pond of Hiilphiircoiis

water which is between Rome and Tivoli ; and who were both gift«d

with the f.iciilty nf prophesying. In subsequent ages Kaunus was
worshippe<l w the g<x1 of the fields and flocks; and a festival, called

the Fnunalia, held in honour of him by the country jwople and ogri-

culturistx nn the Sth of December, was a scene of great mirth and
feasting. The forest of Albunea continued to be the Delphi uf Latium,
and the nnutlos were delivere<l by 'n voice issuing from its rtceiBS,

(Virgil, ' ilCneid,' vii. 82, &c.) Several stotues in most Kuroj^an museums
are believed to represent Kauni, but many usually calle<l Fauns were
more probably intrndeci fur Oreck satym. (Satvbh.1 Among the most
rnmariuiblc are those in the gnller)' of Mnrence, and a very handsome
• no in the miircum of the Capitol. The Klecping Faun of the Borbe-
rinn is now in the gallery nt Vfunich. The so-called Rondinini Faun
in the British MiiKeiim is a very fine statue of its class : it is of the
size of life, and in n dancing attitude, but the head and extremities are

Rondinini Fann from the British Mnwnm.

had not Canova UHe<l his influence Ui prevent its leaving Italy. Aiiollier

very fine figure of a f.iun or satyr in the Britiah Museum is that known
as the ' Laughing F.iun,' but the arms .-md both the legs below the
knees are the work of a note<l Itali,in " restorer " n.une<l Algardi, and
are quite inconsistent with the original torso. A third, and equally

celebrated statue in the samo collection is that of a fann or satjT lying

on his Kick, and known as the ' Drunken Faun '
: of this also the right

ann and both feet are a restoration. There arc sumo other .-titues

and relievi of fauns in the British Museum which will sufficiently

illustrate their general character : they are mostly collected in the
Third Grseco-Roman Saloon. The Fauni arc almost invariably repre-

sente<l in playful attitudes, with a wild, mirthful, transient exprexsion.

Flaxinan has in a single sentence sufficiently characterised them.
" The Fauns are youthful, sprightly, teiidonous; their faces round,
expressive uf inerriinent, nut without an occasional mixture of mis-

chief." (' Lectures on Sculi>turc,' p. 1.^2.)

FAUSSE-BRAYE, a name given to the rampart which, constituting

a second enceinte, is sometimes fonned on the exterior of and ]>arallel

to that which constitutes the |>rinci|nl enceinte of a fortress.

In the ancient fortifications a Imnk of earth was freijuently raised in

the ditch, nearly or quite contiguous to the wall uf stone or brick

Burruuniling the |>1.ice, in order to protect the latter against the
hnttering-engines of tlie besiegers ; and the Italian engineers of the

16tli century make mention of a detached wall of masonry similarly

situated, which seems to have been intended for a like purpose. This
was then called a foua-brta, and sulwoquently , by the French engineers,

^fmMtebmijt ; the first term indiciting a covering work in the ditch,

and the other.siinply a secondaiy or advanced rampart.

In and immediately before the time of Vauban the fausse-braye con-

stituted the exterior jvart of the general rampart of a fortress ; its

terrepleiii, or up|)cr surface, wiu« on, though sometimes a little nliove or

lielow, the level of the country, and it carried a paraiK-t for the pro-

tection of the defenders. The terre|>Iein and |>ara)>et of the interior

part of the rampart were several feet higher than those uf the fausse-

braye, and the intenal l>ctween the two porapeta was sometimes broad

enough to alliiw room for artillery.

A good imiication of the nature of this work may be obtained from
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the lower flanks of the bastions at Portsmouth, which are dmiMe jlanl's,

and, in order to render the example complete, it is merely necessary to

suppose these second parapets continued along the curtains and before

the faces of the bastions.

The fausse-braye, thus formed, was most probably employed before

the introduction of the covered way, a far more useful work : for the

terrepleins and crests of parapets of the two works being in the same
horizontal planes, it is evident that the fires could not be simultaneous,

and consequently that neither the musketry nor artillery fire of the

fausse-braye coiUd be employed till the enemy were on the crest of the

glacis. It also afforded to the enemy some facilities in escalading the

1-amp.art, by breaking the revetment into two steps, as it were ; the

first one, that of the fausse-braye, being about twenty-two feet, and
when the enemy were on it permitting him to circulate along the

ramp.irt and rush in at more jioints than one at the same time. And
again, the defenders of the fausse-braye would be easily enfiladed by
the enemy's lodgments on the crests of the glacis three or four feet

above them ; and would be much injured by his shot and shell, which,

striking the revetments behind them, would cause great splinters, and
choke up the terreplein. On account of these defects, this kind of

fausse-braye has been long since suppressed, except opposite the cui-tain,

where it is supplied by the tenaille. [Bastion, /^r. 1.] It should be
observed, however, that Camot and other more recent French engineers

have proposed constructions which may be considered as partial revivals

of the fausse-braye, but with circumstances which appear to render the

work free from the defects above mentioned.

FEALTY. [Feudal System.]
FEAR is the dread or apprehension of any object or event, which

object or event however is sometimes purely imaginary. Absence of

fear is resolution or courage. Absence of all dread would be a repose

of the soul, for which, as it cannot exist, the language affords no term.

Dread is a minor species of affright or terror, but of a more enduring

nat\ire. The highest and most excessive state of terror amounts to a

total deprivation of consciousness, and produces death. If these defi-

nitions are correct, a smaller degree of terror would consist in a quickly-

paasing imconsciouaness. Drea<l would conseijuently consist of a

succeaaon of recurring periods of imconsciousness, alternating with

excessive rapidity with intervals of consciousness, of which only the

total impression is perceived (as in the vibratory strokes of vibrating

bodies in acoustics) ; this total impression constitutes dread. Fear is

only distinguished from dread through the imminence of danger, and
thence a fearfid or a dreadful or frightful object are nearly synonymous.

The longer these periods of unconsciousness endure in a state of fear or

dread, the more powerful are the feelings, till at length (as in drowning

persons, or in children who are much alarmed) total unconsciousness

ensues, and, according to circumstances, death .

If these definitions of fear and dread are psychologically correct, they

serve to explain all the consequent physiologii^l phenomena. A violent

blow upon the head deprives us of consciousness, by occasioning an
interruption in the regular functions of the brain, through which recol-

lection ceases, and unconsciousness ensues. Any horrible appearance

to, or impression upon, the organs of sight may produce a similar effect

;

for if the nerves of vision are so powerfully affected as to re-act upon
the brain, the regularity of its action is similarly destroyed and the

same effects are produced as by a blow. It is the same with all the

ether senses ; and it is worthy of remark, that these feelings (of fear

or dread) evidently heighten the powers of the imagination. If there-

fore a powerful affection of the visual nerve will produce absolute

terror, so may a smaller degree of terror produce the more lasting

sensations of dread or fear, that is, interchanging pauses of conscious-

ness and unconsciousness. With the brain and spinal marrow the

nerves are connected which lead to the lungs, to the stomach, to the

muscles, and other parte of the body. It is therefore not surprising

that dread or fear should display itself in shortness of breath, irregu-

larity of pulsation, an increased action of the heart, a disordered

stomach, sickneas, and powerlessness of the Umbs.
Fear may be also produced through a disordered action occasioned

by some local affection of the heart or the lungs, or through plethora

or disorders of the blood, or through a general sickness, as in the

cholera.

FEAST or FESTIVAL, an anniversary day of civil or religious joy

;

from the Latin fettum.
Among the Jews, the feast of Trumpets, that of E.xpiation, the feast

of Tabernacles, the feast of Dedication, the Passover, Pentecost, and
the feant of Purification, were the principal. The modem Jews have a

few more, but th^ are of later institution.

The Greeks, and more especially the Athenians, had an abundance of

festivals. Such were the Aglauria, in honour of Aglauros, the daughter
of (Jecrops ; the Artemisia, in honour of Artemis ; the Dionysia, in

honour of Dionysus; the Eleusinia, in honour of Ceres; and the

Panatbensea, in honour of Athene : notices of the three last and most
important of them will be found under their several headings.

The Uoman festivals were of two kinds ; first, those which were fixed

or state<l ; secondly, those which were appointe<l annually on a certain

(lay by the magistrates or priests. Of the former kind were the
Agonalja, the Faunalia, Matronalia, Cerealia, Saturnalia, &c., through,
the several months ; the latter were the Feriao Latinae or Latin holidays,

the Paganalia in honour of the tutelary gods of the rustics, the
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SementiviB in seed-time, and the Compitalia. Dion (ix. 17) observes

that so large a portion of the year was taken up with sacrifices and
holidays, to the great loss of the public, that Claudius abridged the
number.
The Mohammedans, in addition to their weekly feast, or sabbath,

which is observed on Friday, have two festivals of a more solemn kind
;

the feast of Victims, celebrated on the 10th day of the last month of

their year, and the feast of Bairam.

With us, some of our festivals are immoveable, and others moveable.
The inunoveable festivals are Christmas D.ay, the Circumcision, the
Epiphany, Candlemas or the Purification, the Annunciation of the
Virgin Mary or Lady Day, All Saints, and AU Souls. The greater part

of what are called Saints' Days have long ceased to be celebrated, except

in the calendar. The principal of the moveable feasts, and that by
which the rest are guided, and from which they keep their proper

distance, is Easter ; the others are Palm Sunday, Good Friday, Ash
Wednesday, Sexagesima, Ascension Day, Pentecost, and Trinity Sunday.

The foiu- feasts from which leases are usually dated, and quarterly

payments made, are Lady Day, 25th March ; the Nativity of St, John
B.aptist, Jime 24th; Michaelmas Day, September 29th; and Christmas

Day, December 25th. In the Roman Catholic and Greek chiu-ches the

festivals of the various saints are still preser\-ed.

The reader who would know more of the English festivals at an
earlier period, may consult the ' Liber Festivalis,' printed at Westminster

by W. Caxton, sm. fol. 14S3, which consists chiefly of a collection of

sermons, preached to the common people upon them. See also ' Festa

Anglo-Romana,' 12mo, London, 1678; 'Hi-storia Sacra, or the Holy
History, giving an exact and comprehensive account of all the Feasts

and Fasts of the Church of England,' 2nd edit.; and Nelson's ' Fasts and
Festivals.'

FEATHERS. In addition to their anatomical rektion to the cover-

ings of birds, the principal uses to which feathers are applied are for

personal decoration, as plumes for ladies' hejul-dresses, or for tlie hats

of military officers ; as a soft and highly elastic material for filling

beds, cushions, and pillows ; or in the case of the larger quill-feathers,

as writmg-pens, or small tubes for the manufacture of hair-pencils, or

similar purposes.

For the first of these pui-poses their elegant appearance is their

great recommendation ; for the second, to which only the smaller

feathers are applied, their exquisite softness, and that elasticity and
peculiarity of structure which renders them less liable to clot together,

under the influence of pressure, than any kind of woolly or hairy

substance which is applied to the same purpose, are their great recom-

mendation ; while the last-mentioned use depends on their possession

of a hollow quill or barrel of a homy texture, which, though found in

all feathers, is only sufficiently large and strong in those of the wings

and tail to be useful for such a purjwse.

J'lumagerij. Of the various kinds of feathers employed as plumes
for head-dresses, the most important are those of the ostrich, of which
there are various qualities, almost wholly procured from Africa. Those
of the male bird are preferred, as being the whitest and most beautiful

;

those upon the b.ick and above the wings being considered the best,

those of the wings next in quality, and the taU-feathers the least

valuable. The down, which is black in the males and gray in the

females, consists of the smaller feathers from other parts of the body,

which vary in length from four to fourteen inches. The finest white

feathers of the female bird are somewhat gray towards the end, which
lessens their value. The mode of preparing ostrich feathers for use,

and of dyeing them of various colours, is briefly as follows : They are

first washed or scoured by rubbing with the hand (being previously

tied up in bundles) in a lather of white soap and water, and sub-

sequently in clear water, as hot as the hand can bear. They are then

bleached by three successive operations, the first being to immerse and
agitate them well in hot water mixed with Spanish white, after which
they are rinsed in three clear waters in succession ; the second, which
is termed azurinf/, pas.sing them quickly through a bath of cold water

containing a httle indigo tied up in a fine cloth ; and the third, stU-

phnring, or exposing them in a close vessel to the vapour of burning

sulphur, in the same way as in the bleaching of straw hats .and

bonnets. The feathers are then dried by hanging upon cords, during

which they are shaken from time to time to separate their fibres. To
increase their pliancy the ribs are scraped with a bit of glass cut

circularly ; and to impart the requisite curly form to the filaments or

fibres, the edge of a blunt knife is drawn over them. The dyeing is

effected by various agents—logwood, copperas, and acetate of iron for

black ; indigo for blue ; alum, Brazil wood, .and cudbear for crimson
;

safBower and lemon-jmoe for pink; alum and Brazil wood for red;

alum, turmeric, and weld for yellow, &c. For all colours except black,

the feathers should be previously well bleached by exposure to the

action of sun and dew, which is effected by cutting the end of the

quill or tube to a sharj) point, and sticking or planting the feathers

singly in grass ground, where they are left for fifteen days.

Dr. Macgowan, United States consul at Ningpo, has recently given

an interesting account of the plumagery or feather-working of the

Chinese. Feathers are largely employed by that ingenious people in the

decoration of metallic ornaments, chiefly for head-dresses. The lustre

of the metal is softened by laying over it portions of a covering of blue

feathers, representing flowers, insects, birds, and the like. The art

D
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•ppMtft to mo«t dnoUge u nrtctbed by artifloen wboae oocnpation

it the DwnufKttuv of g»rUn<l«, ciupleU, frontab, tUnu, and crowni

o( very thin oopper, on which purple and blae {eathen of gorgevoM

briUiaiicy are |Jaoed with much taate and akiU. From the ma of

Ihimi omamenta, scope i« afforded for the dixplay of varioit* f><ntr..^

Dr. ItaqfDwaa deaorfbea in the following wnnh tiie iiroceww nf i

of feather-woiUng :
—" On the table at which the worinmui ait -

a faaciculua of feathcm, a >iiiaU fiunaco with n few erobera for kuarpio^;

warm a cup of glup, a nuall cutting instrument like a aerew-drirvr,

a pencil or bnuh, and the articles, either Hilrer, gilt, copper, timel, or
paateboait], which are to be feathered. The thumb and index flqgcr

beinK ameored with glue, the feathers are gently dmwn tietwccn them,
wUm stiflens the barbs, causing them to adheru fimily tugptlicr ; when
dty, the petpendicuhu- blade is atawn close to the i<h.ift, di\-icling it from
thcr barbed portion. Holdiug this cutting instrument as in writing

<k fa CAiHOMf, the artist, by pressing on the strips of barb with the
knife, cuts them into the desired size and shape, which is a work of

aome delicacy—the pieces being very small, in the form of petals.

Males,diamonds, squares, and the like, and requiring to be of thesame Bi;:o

aa the particular spot on which thcj- nro to be laid. Besides fingering .Vftor this it appeara white and tranmareut. In anotocr mediod the

this tool in the manner descrilxxl, he holds tlie pencil nearly as we du
a pen, dips it into the glue, bniiJies the spot to be coaled ; then
expertly reversing it, touches with its opposite {mint a morsel of

feather, which is thus lifted up and laid on the part for which it

was fitted. Care is requisite also in giving a proper direction to this

twilled work ; for such of course is tlio appejuTinco presented by the
barbs. The feathers most in demand for this purpone are from a
beautiful species of Alcedn, brought from the tropical regions of Asia

;

they are employed for silver articles. Kingfishers of ooareer plumage,
and leas brilliant hue, found throughout the coimtry, are used for

omamenta made of copper and pasteboard. Blue always greatly

predominates over lighter or darker shades, relieved by purple, white,

or toUow. . . . Sometimes two dragons extend from below the lobes

of the ears, meeting alxive the forehead, the variegated scUcs of which
are represented by minute portions of feathers of various hues ; at

othera, beautiful flowers are interspersed with elegant mosaic. And
then again the head attire appears animated ; as with every tiu-n of

the lux one, tiny genii, birds, and insects ore set in motion from
Haings and wires which retain them in the midst of the fairy-like

garland. To increase the effect, these ornaments are studded with
pearls, produced cheiwly and in great abundance by artificial means in

a fresh-water musseL (' American Journal of Science and Art.')

Bed Peathm. The employment of feathers for stuffing beds
was known in England at least three centuries ago. Goose feathers

—which, owing to their superior cl.-isticity, are preferred for this

ntrpoae—are considered best when plucked from the living bird ; and
in the districts where geesu are chiefly kept, this cruel oixsration is

repeated from three to fave times in a year. While most writers con-

demn this practice for its apparent barbarity, and while some even
ataert that in cold weather many birds die iu consequence of lieing

subjected to it ; others affirm, on the other hand, that the breeders,

for their own profit, pluck only such feathers as ore very near falling

off, and the removal of which consequently gives but little pain,

becauae as such aa are firmly fixed have a little blood at the end, they
It* leas valuable. Young birds ore plucked as well as those of mature
growth, early plucking being supposed to promote the rapid growth of

the feathers. Qoose feathers are divided into white and gray, the
former being deemed the most valuable. The less valualilo kind of

feathers, known by the general name of pcndtry fcalhcrs, are obtained
from turkeys, ducks, and fowls. Wild-duck feathers are both soft and
elastic, but their value is impaired by the great difficulty of removing
the disagreeable odour of the animal oil which they contain. Various
«<hods are practised of cleansing feathers from their oil. Some
aMibalatora use lime-water; othera lime in a difiereut state. The
poriAwtion of bed-feathers by the agency of steam is now much
practised ; in one method, which is secured by patent, and is applicable
•ithsr to new feathers or to such aa have become deteriorated by use,

the feathers are so greatly improved in softness and elasticity that a
mneh leas quantity of them tlian of feathers prepared in the ordinary
w^sutBces to make a good bed.

The softest and finest kind of feathers employed for bedding are
those from the breast of the eidar-duck, known in commerce as eider-

down. [ElDKR Down.] This exquisitely soft down should never l«
slept upon, an it thereby loses its elasticity, but should be used only sa
a covering. A similar substance, though in less quantity, is procured
from the swan, the goose, and some other birds.

QitUb for Pent. For the third of the above-mentioned uses of
tsathsni th« quilU of the gooes are most generally employe<l, though,
for purposes where great siks and strength are isquired, those of the
turkey and swan are highly prized. When geese are plucked several
tiuiea in a year for otlier feathers, the quills are only token at the first

plucking about the end \A March. As token from the bird, the homy
suhstMimi of tlio Vrarrxl of Hie quill is covered, Ixjth internally and
'' line, which adheres very cli>»ely to

• If is (qKupie, soft, and tough. The
'I' -....„ ..M.-jL-^M-^i to certain o)>er.-itions by which the
'•1 l>e detached and drimi up, and the liarrel rendered
*rw.-i I, and somewhat brittle; pn-viniiK to which they are

sorted into primat, meoHdi, sod pinioiu, the st of which consist of
the Uigest and longest barrellsd quills, and the others of such as
possess these oharaetaristies in a Isss dsgresw "Hioy are further sorted
into right and left wing feathers, in order that all tied up in one
bundle may have the same curvature ; and before tying up for sale the
'>(rA, or feather proper, is usually stripped off from the inner edge of
t he stem, in order that they may lie compactly together. In a gooaa'a
wing only the (ivo exterior <|uills .ire fit for inaking pens, and of
these the first is tlie hardest and roundest, but the shortest, and tho
seoond and third are considered the best. Dut^li ' h\y
esteemed, as tho Dutch were thefliatwho liitu|>on ' i^
them well, by clearing them, both inside and ouu .„LLy

humour with whidi tht-y are nattirslly impregnated, ami which pruvunta
the ink from flowing freely along the ]iens made with them. The
Dutch employ hot cinders or ashes to attain this end ; and their
secret was preserved very carofully, but it at length transpired, nud
the process was then improved. In the improved method tho barrel

end of the quill is pltuiged for a few seconds in a sand-bath, hosted to
about 140° Fahr,,and then rubbsd strongly with a piece of flanneL

workman sits liefore a small stove fire, into which he thrusts the
barrel of tho quill for about a second. Immediately upon witlidrawiug
it from the fire, he draws it under the edge of a large blunt-edged
knife, called a hook (shaped somewhat like a ]>atten-maker's knife, and
like it, having a fulcrum at one end, formed by a hook and staple, and
a handle at tho other end, by which pressure may be communicated),
by which it is' forcibly compressed against a block or jilatu of iron,

heated to about 350° Kahr. By this process the barrel, which is

rendered soft and elastic by the heat, is pressed flat, and strip|>ud of
its outer membrane, without danger of splitting. It springs luck to

its natural form, and the dressing is completed by scrubbing with a
piece of rough dog-fish skin. The principal workman employed in

this operation can jiass 2000 qiiills through his hands in a day of

ten hours. In a fourth method which is consideieil inferior as
regards tho quidity of the quills for pen-making, although it mokes
them somewhat more pleasing to the eye, the quills ore first staiued
yellow by steeping them for a night in a decootiou of ttu-meric, then
dried in warm sand, and subsequently scn^Md in the manner above
described. Steaming for four hours has also been suggsstsd as a good
mode of dressing or preparing quills. By whatever process the
extenial membrane is removed, that inside tho quill rcm.iins, separated
from it, and shrivelled up in the centre of the barrel, tmtU it is cut
open to convert it into a pen.

FEBRUARY, the second month of the year. Its name is derived
from fcbruo, to purify or cleanse. The Lupercalia were celebrated in

this month. (Ovid, ' Fasti,' ii. 1. 19, 31.) The Saxons called it Sol-

Monat/i, l>ecause the sun's meridian altitude visibly increases in it.

Febnuary was not in the C.'Uendar of Romulus. It was added to tho
year by Numa, who gave it the twelfth place in the OJendar. Tho
Decemviri transferred it to the place in which it now stands. (Ovid,
' Fasti,' ii. 1. 47.) Numa assigned twenty-eight doys to it in order that

the sum of the year mi^t be an uneven number, according to a Pytha-
gorean fancy. (Macrob. 'SatumaL' Ii. i. c. 13.) In on ordinary year
February has twenty-eight days ; in bissextile, or leap-year, it has a
twenty-ninth, or intercalary day, except once at the end of each period

of four centuries.

FECIALKS, in ancient Rome, were the messengers er keralils of

war and peace ; they belonged to the order of the pnesthood, sod their

persons were held sacred even by enemies. When the Ronums had or

pretended to have grievances against another state, they sent one
of the feciales, who clad in his solemn robes, entered the obnoxious
territory or town, and in the presence of the assembled people, or

of the magistrates and rulers of the cotmtry, stated the complaints of

the Romans, and asked for re|wiration. A certain time, generally thirty

days, was allowed for deliljeration and for returning an answer, at the

end of which the feci.Tl herald came again, find if the answer was not
satisfactory, he took to witness Jupiter and tho other gods that he
had religionsly performed his duty, and that it was now the business

of the Roman senate and people to decide upon the question. On his

return to Rome he declared to the senate the result of his mission,

and told them that they might now declare war if they thought
pro|)er. If war was decided upon, the fecial herald went again to the

limits of the hostile state, and there, in presence of witnesses appealing

to Ju|>it«r and the other gods celestial and terrestrial, he protested

against tho injustice of that people and their obstiiuicy in rcfu^im;

reparation, and declared that nothing now remiiined for liomo but t..

seek satisf^tinn by its oivn arms : he then threw a spear within tin-

hostile boiind.tries, upon wliich war was considered as begun. When
a treaty of |>cacc or alliance was to be concluded, the presence of tlic

feciales was likewise required, as with the Romans all [Kilitical con-

ventions partook of a religious character. The Ktnincans and other

ancient Italian nations had also their feciales. This institution had a

beneficial oflcct, insomuch .is it tended to humanise the system of

warfare, and to prevent sudden and tmexjiected oggressions,

FKCULA. [Staiuii.I

FEI)ER.4.TION. A federal union of sovereign states may be moat
easily conceived in the following manner :

—

^^'o will sup|)08o that the sovereign power in any number of inde-
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pendent states ia vested-in some individual in those seTeral states.

These sovereign persons may agree respectively with each other and
with all not to exercise certain functions of sovereignty in their several

states, and to transfer these functions to be jointly exercised; by the

contracting sovereign persons. The consequence of such a compact
will be that the contracting sovereign persons in their joint capacity

will become sovereign in each state and in all the states. The several

sovereign persons having for the time surrendered to the joint body
certain powers incident to their several sovereignties are no longer

severally sovereign in their several states. The powers surrendered to

the joint body may be determined by written contract, the inter-

pretation of which belongs to the joint body, yet in such a manner
that there can be no vahd interpretation unless the sovereign persons

are unanimous ; for if any number or majority could bind the rest,

they might, by interpretation, deprive the several contracting persons

of all the powers reserved to them by the contract. It follows also

from the terms of the union, that any one party can withdraw from it

at pleasure, and, as far as he is concerned, cUssolve the union ; for the
essence of this imion is the continuing consent of all.

This is the simplest possible form of a supreme federal government

;

one in which the contracting sovereign powers are individuals, and in

which the sovereign persons in their aggregate capacity exercise the
fimctions of sovereignty. Such a federation may never have existed,

but any federation that does exist or can exist, however comi>licated it

may seem, is reducible to these simple elements.

If the sovereign powers, instead of being in individuals, are in all the
people of the respective states, the only difference will be that the

functions of sovereignty, which in the first case we supposed to be
exercised by the individual sovereigns in their joint capacity, must, in

this case, be delegated to individual members of the sovereign body.

The citizens of the several sovereign states must in the first instance

of necessity delegate to some of their own body the proj)er authority

for making the federal contract or constitution ; and they must after-

wards appoint persons out of their own body, in the mode prescribed

by the federal contract, for executing the powers intrusted by the
federal contract to persons so appointed. Thus the individuals who
form the federal contract act therein severally as the agents of the

sovereign states from which they receive their commission ; and the

individuals appointed to carry into effect the terms of the federal

contract arc the ministers and agent* of that sovereign power which is

com{x)sed of the several sovereign states, which again are composed of

all the citizens. By whatever name of President, Senate, Honse of

Representatives, or other name, the agents of the sovereign power are

denominated, they are only the agents of those in whom the sovereign

power resides.

When the sovereign power is so distributed, the question as to the

intcrpretition of the federal contract may in practice be more difficult,

but ill principle it is the same. No one state can be bound by the

inteqiretation of the rest, for if this were once allowed there would be

no assignable limit to the encroachments of the states exercising sove-

reign power in their aggregate capacity. It is a clear consequence of

the nature of the compact, whether the several sovereign powers are

nations or individual, that each contracting power must exercise its

judgment on the interpretation of the instrument to which it is a

party, and that no interpretation from which any power dksents can,

consistently with the nature of the compact, bind that power.

In the ease of complete dissent or disagreement by any one power,

the contract is, by the very nature of its terms, at an end ; for the

contract being among sovereign powers, they cannot severally as such

yield obedienee to another sovereignty, which results from the aggrega-

tion of their geveml sovereign powere i^their acts in their joint capacity

must be acts of complete consoit.

If the sovereign power in such a federal union has delegated the

power of interpreting the written instrument of union to certain

judiciary authorities, appointed under the federal compact for the

par|>ose of carrying its provisions into effect, the several sovereign

powcn) must still exercise, either by their legislatures or their judiciary

authorities, their right to judge of the correctness of the interpretation,

just as much as if the several sovereign persons, in the case first

supposed, themselves exercised the functions of sovereignty in the

supreme federal government.
Wlmt is commonly called the general government of the United

States of North America is an example of a federation or federal

government, or a supreme federal government. The contracting

inrties were sovereign states (the sovereignty in each state being in the

citizens), which in their aggregate capacity formed a supreme federal

goremment. The ministers for carrying into effect the federal govern-

ment are the president and congress, and the judiciary of the United
States, By the preamble to the constitution it is in fact declared that

the ' people of the United States " are the contracting parties.

The fifth article of the constitution provides that " The congress,

whenever two-thirtls of both houses shall deem it necess.ary, shiiU

propose amendments to this constitution, or on the application of the

legislatares of two-thirds of the several states, shall call a convention
for proposing amendments, which, in cither case, shall be valid to all

intents and purposes, as part of this constitution, when ratified by the

legislatures of three-fourths of the several states, or by conventions

in three-fourths thereof, ,as the one or the other mode of ratification

may be proposed by the congress
; provided, &c., and that no state,

without its consent, shall be deprived of its equal suffrage in the
senate." From this article it is clear that the framers of the con-
stitution did not fully comprehend the nature of the supreme federal
government ; for it is assumed by this article that the several states
may be bound without their imanimous consent, which is contrary to
conditions essentially implied by the nature of the union. This article
involves also the inconsistency that the sovereign in any state may
bind his successors : if the case of a federation of individual sovereign
persons had been that to be provided for, the impossibility of the pro-
vision would have been apparent ; but the impossibUity equally exists
when the contracting sovereign powers are respectively composed of
many individuals, for the abiding consent is still the essence of the
union that has been formed.

This is not the proper place to discuss the advantages and dis-

advantages of a supreme federal government, nor to examine into its

stability. That it is necessarily deficient in one element of stability,

namely, in there being a necessity for all the consenting parties to
continue their consent, is evident : in this respect it is like a partner-
ship for an indefinite period, which may at any time be dissolved by
any one of the partners. Such a power, which is incident to the
nature of the partnership, so far from being an objection to it, is a
gi'eat advantage. So long as all the parties agree, they have the benefit

of the union : when they cannot agree, they take instead of it the
benefit of the separation.

It is also foreign from our purpose to consider what is the tendency,
in a union like that of the United States, resulting from the powers
placed in the hands of the president and congress by the states acting

in their aggregate capacity. If such power were placed in such hands
by sovereign persons originally severally sovereign in their respective

states, as in the case first supposed, the vigilance of these persons in

their aggregate capacity, though somewhat less than the vigilance of a
single sovereign person, would probably prevent any undue assmnptions
of power on the part of those to whom they had delegated certain

fixed powers. But the farther the several sovereigns, who in their

aggregate capacity form this federation, are removed from those to

whom they delegate certain powers, and the more numerous are the
individuals in whom this aggregate sovereignty resides, the greater .are

the facilities and means offered to, and conseqxiently the greater is the

tendency in, their ministers and agents practically to increase those

powers with which they may have been intrusted. In their capacity of

ministers and agents, having patrou.ige at their command and the
aflministration of the revenue, such agents may gradually acquire the
jjower of influencing the election of their successors, when their own
term of office is expired, and may thus imperceptibly, while in name
servants, become in fact masters. That .there is such a tendency to

degenerate from its prhuitive form in all social organisation, as there is

in all organise<l bodies to be resolved into their elements, seems no
sufficient reason for not forming such union and deriving from it all

the advantages which imder given conditions it may for an indefinite

time l>estow on all the members of such federation.

Federations of a kind existed in ancient times, such as that of the

Ionian States of Asia, which assembled at the Pauionium at cerfcvin

times (Herodotus, i. 142); the Achrcan confederation ; thciEtolian con-

federation ; and the Lycian confederation, which is described by Strabo

(p. 664). The Roman system of f€cder.ato states {dvitates frnderata') is

another instance of a kind of confederation ; but it was of a peculiar

kind, for Rome was neither absolutely sovereign over these states nor

yet associated with them in a federation, as now understood. The
relationship between Rome and the federate states rather resembled

the relation of sovereign and subject than any other, though it was
not precisely that.

A supreme federal government, or a composite state, is distinguished

by Austin (' Province of Jurisprudence Determined ') from a system of

confederated states : in the latter, " each of the several societies is an

independent political society, and each of their several governments is

properly sovereign or supreme." It is easy to conceive a number of

sovereign powers, such as the German states, assembling and passing

resolutions which concern all the members of the confederacy, and yet

leaving these resolutions to be enforced in each state by its own sove-

reign power. Such a imion, therefore, differs essentially from a supreme

federal government, which enforces its commands in each and all the

states. As to the existence of a written constitution, as it is called, in

the one case, and a mere compact in the other, that makes no essential

difference ; for the federal constitution, as we have shown, is merely

articles of agreement, which only derive their efficacy from the con-

tinued assent of all the members that contribute in their aggregate

capacity to form the sovereign power in such federation.

As to a system of confederated states, Austin adds, " I believe that

the German Confederation, which has succeeded to the ancient empire,

is merely a system of confederated states. I believe that the present

diet is merely an .-uisembly of amba.ssador8 from several confederated

but severally independent goveniments ; that the resolutions of the

diet are merely articles of agreement which each of the confederated

governments spontaneously adopts; and that they owe their legal effect,

in each of the compacted communities, to laws and commands which

are fashioned upon them by its own immediate chief. I.also believe

that the Swiss Confederation was and ia of the same nature. If, in
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tiw SMa of the 0«niuui or of ths Swtai Confedaistioo, the body of

oonfMlcratod goTomiuenta coforoM iU own molutiona, Uiom oonfede-

rated goTomnMiita ars ona oompoaite atate, ratlier than a ^yatem of

oonfaderatad aUtea. Tha body of confederated govemmenta ia pro-

perly aoverelgn ; and to that aggregate and aovereign body each of its

aoiiatittii.Mit luciubera in properly in a state of 'Bubjection."

FKK-FAUM KENT. [Kknt.]

FKKSIMI'LE. [Kstate]
FEE-TAIU [Estate.]

FEELIiia. |Toicn.l
KEES, oertain soma of money claimed aa their perquiiite by official

peraons under the authority of Tarious Acts of Parliament, and by pre-

aoilption. The right to feea, as well as the amount payable in moat
caaea ooonected with the administration of justice, baa been regulated
by aavaral reoent statutes.

OfBoera demanding improper fees are guilty of extortion. [Extor-
nox.]
The rewards paid to barristen and physicians, attorneys and sur-

geons, for their sereral aerrioes, are called fees, which may be recovered
by the three last-nam^ed by action. Barristers cannot recover Uieir

feea by any l^al proceeding ; nor can physicians, if they are members
of a college of pbyBicions which has enacted a bye-law to that eflect.

[Cotncsu.; Puysuia.v.)

FEHM OEKICHTE, FEMGERICHTE, or VEHM OKBICHTE,
the celebrated courts of justice of Westphalia, which have been, on
very slender authority, said to be the relic of an institution of Charle-
magne, but which certainly flourished and possessed most enormous
power and influence during the 13thandl4th centuries. It was chiefly

confined to what was then known as Westphalia, which included nearly
all the coimtriea between the Rhine and the Weser, and extended from the
mountains of Hesse on the south to Friesland on the north ; and this
district bore the mystic name of the red earth in the records of the
time, though the exact derivation or meaning of the term is uncertain.
It would seem that, whatever earlier institutions it may have been
foimded upon, the tribunal was first organised when, after the depo-
sition and outlawry of the em|)eror Henry the Lion, the authority of

the laws, both civil and ecclesiastical, gave vfny to force, which, in the
hands of ignorance and rapacity, threatenc<l society with dissolution.

In order to check the audacity of those who, relying upon their power,
thought themselves above the reach of the law, and for the protection
of the defenceless and innocent, a secret tribunal was formed, called the
sacred Fehme, or Fehm Qericht.

These tribunals arose from the like cautuM which formed the trade-
guilds in towns, and the confederacy of the H.inse Towns, n.imely, the
necessity of individuals following peaceful professions defending t.liem-

elves by unions against the spoliation and tyranny exercised by the
feudal nobility, and which neither the law nor the emperor was able to

repress, nor, except in rare cases, to punish. When these confederations
became sufficiently jrawerful to defend themselves, the neighbouring
nobility were frequently desirous of becoming members of the commu-
nity, in order that they might in some mciiure guide what they could
no longer resist It was in fact an early development of public opinion
developed in forms peculiar to the period ; and the sentences of the
Fehm Gerichte itaeu, except that the institution was permanent, re-

sembled in some of its features those of the Lynch-law in the back
wttlements of the United States of America. There was usually no
concealment, the trial was held commonly in the open air, in the
presence of on audience ; and it was only on the conviction of an
ofiender who failed to appear that his death was effected by the means
which added so much mystery and terror to the judgments of the
courts.

By the constitution of the tribunal, the Emperor of Germany was the
nonunal head, who was usually made a member of the Fehm on his coro-

nation at Aachen : but very early the archbishop of Cologne was made the
imperial lieutenant in ^^ estphalia ; and indeed it is stated that arch-
bishop Engelbert was, in 1 1 79, the first Frcygjwf. Under the archbishop
were the tribunal lords (Stuhjherren), to each of whom a jxu-ticular

district waa assigned, bmrond which he had no jurisdiction. The
Stuhlherr either presided in the courts himself or deputed a coimt
(Freygraf) to take his place ; for the country was divided into counties
(Grafachaften), and every county had at least one Freygraf, who took
an oath to judge truly and justly, and to be obedient to the enii>eror
and bis lieutenant. Next to the counts were the assessors or Schopjicn,
who formed the bulk of the society. These were nominated by the
count, with the approval of the Stublhen-, after having been recom-
mended by two perKnu, already members of the tribunal, who vouched
for the fitness of the candidate. The candidate was required to have
been bom in marriage, of free parents, to bo a Christian, to be neither
exci>mmunicat«d nor outbwed, not to he involved in any process before
the tribunal, not to l^long to any spiritual order, and at first to have
bam s native of Westphidia ; but latterly strangers were admitted.
Kneeling barebaaded before the assembly, with his thumb and fore-
finger on a naked sword and a halter, he swore

—

" I promise, on the holy marriage, that I will, from henceforth, aid,
keep, and conceal the holy Fehms, from wife and chUd, from father
and mother, from licter and brother, from fire and wind, from all that
tlie sun ahinea on and the rain wets, from all that ia between iky and
ground, eapecially from tho man who knows the law ; and will bring

before ibis free tribimal, under which I lit, all that belonga to the
secret juriadictiou of tho emperor, whether I know it to be true myielf,

or have heard it from trustworthy people, whatever requires correction

or punishment, whatever ia Fchm-free (that is, a crime committed in

the county), that it uuiy be judged, or, with the consent of the accuser,

be put oB' in grace ; and will not cease so to do, for love or for fear, fur

giMd or for (diver, or for precious stones ; and will strengthen this

&ibtmal and jurisdiction with all my five senses and ]>ower ; aud that

I do not take <m me this office for any other cause than for the sake of

right and justice ; moreover, that 1 will ever further and honour this

free tribunal more than any other free tribunals ; and what I thus

promise will I steadfastly aud firmly keep, lo help me Qod and his

Holy Gospel."

As soon as the neophyte had pronounced the oath, he was informed
that the object of the association was to uphold peace, virtue, aud
honour against the o|>cn or concealed enemies of the law ; and as the

interest of the order required that the ichdppan of the different

counties and principahties should be known to each other, the^ had
adopted a sign consisting of four letters, S.S.G.G., the siguifioation of

which is still involved in mystery. The neophyte was fiuiher pre-

sented with a rope, which he was obliged to carry in his left sleeve,

and also a dagger, on which the four above-mentioned letters were
engraved, together with other symbols. Moreover he was charged
with the duty of accusing Iwfore the secret tribunal all those who
could not be successfully prosecuted before the ordinary courts, and
of executing capital punishment whenever required by the society to

perform this duty.

The mode of proceeding against the acctiaed was as follows : If the

author of a crime absconded, or his residence was unknown, tho

schoppe was required to >vrite four aummonaes, and post them on a

cross road; but if the residence was known, the schoppe came at

night, and nailed the summons with four nails, folded as a letter, con-

taining an imperial farthing, on the man's door. He then rang the

bell, and told the porter that he had brought a letter from the sacred

tribunal for his master. Tho initiated could go through the country

tinim|>eded, on foot or on horseback, for none vras so daring as to stay

or injure him. The summons required the accused to appear at a
certjiin hour at the appointed spot, within a fortnight after its

delivery, to answer for lus base and criminal conduct before the sacred

tribtmal, or otherwise clear himself of the accusation ; at the same
time threatening to proceed against luiu for contempt in case of non-

appearance. If the accused attended the summons, the schoppe who
brought the accusation was called upon by the Freygraf to state all

that he and hin witnesses knew relatiug to the charge, after which tho
accused and his witnesses were heard. The judges assembled on a
Tue«d;iy in the open air. The count presided, and before him on the
table lay a naked swonl and a withy halter. On his right and left

stood the clerks of the court, the assessors, and the audience, all bare-

headed, their hands uncovered, and tmarmed, signifying that they
would cover no right with imright, that they would do nothing under-
hand, and that they were at peace with the emperor and the law.

They wore short mantles to show that as the cloak covers the body so

should their love cover justice. Each party was entitled to prodmo
compurgators, and the verdict was left to the assessors. An ajipeal,

however, lay, if claime<l before the court broke up, to the fciecret

Closed Tribunal of the Imperial Chambers, which usually held
its sittings at Dortmimd. These proceedings were for the uninitiated

;

for the initiated it was sufficient that the accused, Laying hi.f two
forefingers on the naked sword, swore he waa innocent ; but one of tho
initiated convicted of revealing the secrets of the tribunal was imme-
diately hung. When the sentence was pronounced, the execution of

which, in case of capital punishment, was intrusted to all the members
of the order, the condemned, if present, was at once executed ; if ho
had not appeared, the schoppen were set in pursuit of him. Whenever
three schoppen (for that was the number necessary for an ordinary
execution) met the person condemned, they seized bira, and with one
of the roi)es wluch they carried in their sleeves, hung him on the next
tree, fixing a dagger in the tnuik to denote that the deceased waa
killed by the holy tribunal. When such on event occurre<l, no court

of law dared to take notice of the aflair ; every man's tongue waa
stnick silent, for fear of incurring the vengeance of this terrible body.
Thi.'! punishment, however, was seldom inflicted ujkju those who
readily appearetl ; in such cases the judges were satisfied with causing
the defender to redress the wrong that he had inflicted. 13ut if the
accused faile<l to attend the summons, which was re)>cated tlirco times,

judgment passed by default, and the accused was declared an outkw.
Every schoppe, though he were tho father or son of the criminal, was
in duty bound to put him to death by the rope, the dagger, the sword,

or even poison, and to revenge any insult oflcred to the tribunal upon
man, woman, or child, noble or plebeian, freebom or slave, house or

farm, monastery or nunnery, ttiat daretl to shelter him.

The )X)wer of this tribun<il was greater than that of the Holy
Inquisition ; it struck terror into all Germany, and especially in West-
phalia, where it originated. Princes and nobles were anxious to enter

into this order either for protection against their enemies, or to avoid

the jurisdiction of a tribunal the power of which they were unable to

withstand. Towards the end of the 15th century, tho German empire

having ac<iuired more political consistency, aud tho objects for which
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this tribunal was instituted having ceased to exist, it gradually lost its

power, without being abolished by any legislative enactment. Some
traces of the revival of this tribunal appeal- in the 17th century, but
its efibrts to regain its former importance were checked by the public
authorities. It sunk at length into utter insigniiicance ; and a rem-
nant of it which continued to act as a khid of society for the suppres-
sion of vice was abolished iii Westphalia by order of Jerome Bona-
parte in the year 1811. The members of the order maintained that
they were the true and genuine possessors of the secrets intrusted to the
Fehm by Charlemagne, but no one would or could explain the signifi-

cation of the mystical S.S.G.G. Goethe has given a graphic picture
of the working of this tribunal in his historical di-ama ' Goetz von
Berlichingen

;

' and Scott in his ' Anne of Geierstein,' has described
the proceedings of the tribunal : but neither have confined themselves
to the historical facta, and the last has wandered widely. The best
historical accounts of its organisation are by Bork, ' Geschichte der
Westphalischen Vehmgerichte,' Bremen, 1815 ; Paul Wigand, ' Das
Femgericht Westfalens,' Hamm., 1827; and Usener, 'DieFreiund
heimlichen Gerichte Westphalens,' Frankfurt, 1832.
FEIGNED DISEASES. There are few subjects attended with more

diffipulty than the detection of feigned diseases, especLolly when they
are the result of a system which permits of a constant refinement of
the deceit by practice. This has been especially the case in France,
where the object has been to escaiie the conscription. Fotlere has
observed, " that it wag brought to such a perfection as to render it as
difficult to detect a feigned disease as to cure a real one." The motives
which usually lead to this practice are—1, A release from obligation.

This is fre<£uently the case in the army and navy, where the men will

pretend to be ill to escape duty or to gain their discharge. In this

form it has got the name of Malinytrinf/. Beggars, too, often feign

illness when they are offered work, preferring the easy task of soliciting

charity to the labour of an occupation. 2, The hope of gain. This
motive comes into operation where the object is to obtain relief from
the parish, to impose upon the benevolence of private persons, to

procure the allowances of benefit societies, clubs, &c., to get admitted
iuto an hospital, or to obtain compensation for some pretended injury.

3, To procure release from confinement or an exemption from punish-
ment. This motive is a source of deceit with boys and girls at school,

persons committed to prison, &c. To these may be added the love of

exciting the sympathy or gaining the attention of others, where no
hope or need of gain exists. This motive acts in all classes of society,

and leads individuals of otherwise the liighest moral character to

imitate all forms of disease. It is observed most freiiuently in yoimg
and unmarried females, and is frequently carried to the extent of

feigning diseases for which capital operations are required ; and
instances are not wanting where surgeons (not much however to their

credit) have removed legs, breasts, and arms at the solicitation of such
patients.

There is no natural limit to diseases which may be feigned ; but
some being much more easily imitated than others, and less easily

detected, are most frequently assume(L Feigned diseases may be
divide<l into, 1, those which are obvious to the senses ; 2, those
depending upon the description of the impostor, and 3, those of a com-
plicated nature, presenting symptoms of both kinds. Amongst diseases

ob\iou8 to the senses are an increased or diminished size of parts,

wounds, malformations, ulcers, discharges, spasmodic and paralytic

atfectioDS. A favoiurite mode of increasing the size of parts, and pro-

<lucing tumours, is by injecting air beneath the cellular membrane.
In this way such diseases as dropsy, local and general, hernia, hydrocele,
varicose veins, elephantiasis, oedema of the extremities, may be simu-
lated. Pressure also, by means of ligatures, &c. on the veins, will pro-

duce swellings of parts of the body. Swellings also of the joints, so as

to resemble white swellings, are produced by the application of various
acrid plants, as the ranunculus acris and sceleratus to the part. Polypi,
hydatids, malignant tumours, and hemorrhoids, are imitated by atfix-

ing in some manner the intestines and other viscera of animals to the
parts of the body in which these diswiseB occur. Cancer has been
imitated by a cow's spleen, and by a sponge moistened with milk fixed
imder the armpit. The various malformations of the body are feigned
by obstinate and long-continued flexion of the part, aided by inaction and
the use of tight bandages. Sometimes these contractions are accom-
]>anied by a wound, in onler to prove that they have been efiected by
a bum. Many means liavo been proiwsed for detecting this class of
imi>oaitions, such as compressing with a tourniquet the nerves that
supply the contracted muscles; applying a wet bandage tightly roimd
the limb, so that when it becomes dry it may overcome the contraction ;

moving the contracted limb during natural sleep or that produced by
narcotics ; or making extension whilst the person is under the influence
of an emetic, or when his attention is (hrected to other objects ; recom-
menOing the coast of Africa, or some other disagreeable thing, as a
cure. Wounds ami sores are produced in a variety of ways. Wounds,
when self-inflicted, will always be in positions where persons can get
at the spot where they exist, with their own bands. Accomplices are
however sometimes engaged even in this. Dicers are among the most
common of feigned diseases. They are produced by r»l-hot iron, by
caustics, as corrosive acids and alkalies, and the juices of various plants,
as of the ranunculus acris and sceleratus, the spurge-laurel, the euphur-
bium, arum maculatum, and juniper. Where persons are suspected of

keeping up ulcers in their legs by irritants, the placing their legs in a
box and locking them up will allow the ulcers to heal. The various
forms of cutaneous disease are produced by the application of irritants

to the sldn, as pounded garlic, euphorbium, CiUitharides, gunpowder,
nitric acid, bay salt, &c. The discoloration of jaundice is imitated by
various dyes, as well as the appeai-ance of bruises. Ophthalmia is a
disease often feigned, and is commonly produced by the application of
ii'ritants, as snuff, pepper, tobacco, blue vitriol, salt, alum, &c. The
progress of the inflammation in these cases is usually more rapid than
in the idiopathic form. It is mostly also confined to one eye, for
obvious reasons ; and when occurring in the army it may be suspected,
if epidemic, when it only comes on in privates and nt)n-commissioned
officers. Diseased discharges are often simulated. Vomiting is

effected by pressing on the pit of the stomach, by swallowing air, by
strong and sudden action of the abdominal muscles, by tickling the
fauces, and the use of emetics. Diarrhoia and dysentery are produced
by taking drastic purgatives. Fragments of brick, slate, small pebbles,

pieces of quartz, and flint, have been introduced into the urethra, to

bear out the alleged existence of urinary calculus. Ha;maturia has
been simulated by tinging the urine with various colouring matters,

and the dise;ise has really been brought on by the taking of saWn, can-

tharides, and turpentine. Spitting of blood is a favourite assumed
disease. It is simulated by placing a sponge in the mouth filled with
bullock's blood, by cutting the mouth and gums, and by sucking
blood from other parts of the body. A vomiting of urine and faeces

have taken place by the stealthy introduction of the contents of the
bladder and rectum into the stomach.

The spasmodic diseases to which the system is subject have been
imitated with great success, and none more so than epilepsy. It has
for its peculiar recommendation, that the person who is subject to it

may be well at intervals and assume the attiicks when it best suits

him. The best criterion of imposition is the want of the total insen-

sibility which characterises the true fits. In the feigned disease the
application of stimulants will seldom fail to elicit indications of sensi-

bility. Hartshorn or burning sulphur may be introduced under the
nose : alcohol and turpentine may be dropped into the eye, and
mustard or common salt placed in the mouth. Pricking the skin with
sharp-pointed instruments has also been recommended. This however
is frequently resisted. Dr. Guy recommeuds " flecking" the feet with
a wet towel. He says he has by this means aroused a patient from a
mesmeric slumber when all other mechanical stimulants and cold
affusions had failed. Convulsions are often imitated ; but where they
are fictitious they cannot be sustained for any length of time mthout
great exhaustion. Chorea is also often imitated. Electricity and cold
aflusions are the best remedies for this disea.se, and are likely to be
effectual in the case of impostors. Hysteria, catalejwy, tetanus, hydro-
phobia, some forms of tonic spasm, stammering, strabismus, and
diflSculty of swallowing, arc other diseases of the nervous system
which are often imitated. Paralytic affections ai-e also frequently

simulated. The treatment resorted to for the cure of these diseases,

when natural, would be found a trying ordeal for most impostors.

Cases however are related in which impostors have resisted the most
active treatment ; and a case of simulated lethargy is on record, in

which an uidividual resisted with only a single groan the operation of

trephining.

Another class of feigned dis&ises are those which depend chiefly

upon the description given by the impostor. These are all embraced
in increased and diminished Hun.sations. Increased jjain of one or many
organs is commonly feigned. It is eaaily assumed but not easily

detected, as many pains, such as that of tic douloureux, come on in an
apparently hetJthy state of the system ; and many pains of a severe

character are dependent on exceedingly obscure causes. There are no
rules which can be laid down for the detection of simulated pain ; and
it is only those who have extensively observed the efl'ects of real pain
on the system, that can readily distinguish that which is pretended.

Of diminished sensations, blindness, .ind deafness are those most fre-

quently feigned. Amaurosis may be really produced for a time by the
apphcation of belladonna, henbane, spurge laurel, and tobacco ; but
under these circumstiinces it disappears when the impostor is carefully

watched. Deafness is often assumed, but it may be detected by un-

expectedly or sharply calling out the name of the individual, by calling

him by name when asleep, or letting a piece of money fall close to him.
Dumbness has been successfully feigned, and cases are recorded which
resisted every attempt at discovery. It may be frequently detected

by giving the person a sudden and unexpected knock, or a prick with

a pin.

Sometimes general diseases are assumed, embracing a collection of

symptoms. Of these, the most frequently assumed are fever, ague,

rheumatism, phthisis, asthma, dyspepsia, jaimilice, inflammations of the

bowels, stomach, and kidneys. These feigned diseases are only to be
detected by a knowledge of the real diseases, when a correct diagnosis

is not often difficult. Of diseases involving complicated symptoms,
that of unsoundness of mind is most frequently and most successfully

feigned. The success however does not depend so much on the ease

with which the symptoms of true insanity are imitated, as upon the

ignorance that prevails of the distinguishing characters of real insanity.

When these arc once known an impostor may be easily detected. The
most frequent form of assumed madness is general mania. In addition
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to the diaiaetan of the true rii»MW, tptdil teeti hare been propoasd,

Mah M the um of the whirlii^ chair, and " repeating to the luapeoted

peteon a lariea of ideaa reoently uttered, when the real maniac will

nitroduca new idea* ; the impuetor, on the contrary, will deem it

apedieBt to repeat the aame words." (Quy.)

The foUowing general rules for detecting feigned dirwesee hare been
gireB by iSaoehiaa :

—

1. The fint ia, that the physiaian must in all suspected oaaea inquire

of the rabtiTea and friiDds of the suspected indiyidoal what are his

physical and moral habita. He must ascertain the state of his affiurs,

and inquire what may possibly be the mottre for feigning disease, par-

ticularly whether he is not tii immediate danger of some punishment
from which tliiii nicknesa may excuse him.

2. Compare the disease under examination with the causes capable
of producing it—such as the age, tempemment, and mode of life of

the patient. Thus artifice might be suspected if a person in high
health and correct in his iliet should suddenly fall into dro|>8y or

aaehexia; and again if insanity should suddenly supervene without
any of ita premonitoiy symptoms. It in contrary to experience to find

noi disnaswi occur without some previous indications.

S. The third rule is derived from the aversion of persons feigning
'disease to take proper remedies. This indeed will occur in reel sick-

nea, but it rarely happens when severe pain is present. Anything that
proiitises relief is genoally acceptable in such cases ; those on the oon-
tnry who Mgn delay the use of means.

4. Particular attention should be paid to the symptoms present, and
whether they neccasarily belong to the disease. An export physici.on

may thus cause a patient to fall into contradiction, and load him tu n

statement which is incompatible with the nature of the complaint. To
effect this it is necessary to visit liim fre<]ueiitly and unexpectedly.

5. The last direction is to follow the course of the complaint and
attend to the circumstances which successively occur.

(Beck, Mediral Juruprvdenee ; Thomson, A. T., Lertura on Medical
Jurupnidenct ; Guy, W. A., Prineipla of Porenae Medicine.)

FELLOWSHIP, in books of arithmetic, the rule by which profit or
loss is divided among those who are to bear it, in proportion to their

investoaento or interests in the transaction. It is usual to divide this

rule into two parte, of wiiich the first supposes all the investments to

have been made for the same time, and the second supposes the part-

nen to have employed their money during different times. One simple
case of each will be sufficient.

Question 1. A, B, and C embarked 10/., 91., and 8f. in a venture
which yielded 30/. of profit. How much belongs to each ?

If 10 + 9 + 8, or 27 adventurers embarked 1/. e.ich, it is clear that
each of them should have the 27th part of 80/. Let 10 of them assign
their shares to A, 9 to B, and 8 to C, and we have the case in question.

That is, A should have 10-27th8, B 9-27ths, and C 8-27thB of the whole
profit

Question 2. A profit of 301. was realised by A embarking 10/. for
two months, B embarking 9/. for three months, and C embarking 8/.

for four months. How much ought each to gain ?

Here the 1/. of A and the 1/. of B are difi'erently circiunstanced : the
second was employed half as long agiiin as the first, and consecjuently
houM gain half as much again. Now let otu pound tterling anplnycd
during om month be called a share : then A invested 20 Hbares, B 27
haras, and C 82 shares. Hence, as before, 20 + 27 + 82 lieing 79, A
should have 20-79th8, B should have 27-79ths, and C 82-79th8 of the
gain.

The first is a rule of very frequent occurrence ; but the second is

rare, for it seldom happens that money is withdrawn from an under-
teking. except upon some specific agreement. But the modem practice
of dividing an enteqirise into shares of equal amount, and never sub-
dividing a share, reduces all questions of fellowship to simple division.

But, as often happens, a name has got into the wrong place. The
result which division g^ves to A, instead of being called his quotient, is

called his diridrnd.

• KELLOW.SHIP (in a college) is an esteblishment in the college
entitling the holder to a share in its revenues. The fellows are a jiart

of the corjmrntion. [t'oLLEOK-] Kellowships are either original, that
is, part of the foimiUtion or scheme of the original founder ; or in-

gnkfte<l, that is. endowed by subsequent benefactors of a college already
established. Where the number of fellows is- limited by the original
foundation, new fellon-s cannot be made memliers of the corporate
body without a new incorjmration. If the number is not limited by
the charter, it seems that the corporation may admit new fellows as
tnembers, who will l>e subject to the statotes of the uri(.fiiial founda-
tion in sU respects. Ontduates of each several college are in general
only eligible to fill a VBoant fellowship in the esteblishment to which
they Ijelong after having been elected to schoUrshipa on the founda-
tion, awarded at examinations held l)y the master and fellon^s in Ijcing.
But in some oases special rules which control the election prevail, as
where the fellow must lie of the blood of the foun<ler, or where he
must be a native of a particuliu- county, Ac., and in sonio few oases
ftflowships are open to the graduates of several colleges, or oven the
whole univerai'^. In Dowmng College gnduates of both universities
are eligible. These mics are presetibed by the founder, modified in
some oaaea by the bye-laws of the several colleges. Borne few fellow-
Upa may bo held by laymen, but in ganeral th^ can be rototnod only

by pacMna already in holy orders, or who an oHained within a apeei-

fiod tima. Fellowships ara of unequal value, vanrin^ from 3M. and
lea* to 8501. a year and upwards, the senior fellowships m those ooUegss
where there is any sucn distinction between the fellows being tha

most lucrative ; but all confer upon their holders the right to apart-

mimte in the college, for which m some instanoes a small annual sum
is charged as rent, and certain money privileges as to commons or

meals. They are in general tenable for life, unleai the bolder marries,

or inheiite estetes which affwd a larger revenue, or aooepta one of the

livings belonging to the college which cannot be hold with a fellowsliip

;

but in the new stetatea now under discussion, the oommisaionen for

the University of Cambridge propose to limit the tenure in some of the

colleges (at the wme time removing the restriction againat oeUbaoy).

These livings ara conferred upon the fellows, who in general have the

option of taking them in onier of seniority, though in some oollegea

the holders of particular offices have priority of choice, aa for instanoa

in Trinity College, Cambridge, where the vice-master haa each right

by a bye-law of Uie college.

The whole subject of fellowships in the different ooDeges of the

University of Cambridge is at the present time, January, 1860, in a

transition steto ; the commissioners above-mentioned being engaged

in the duty of reviting and altering the old statutes, in which revision

very important changes both as to the tenure of, and m<xle of election

to, fellowriui>8, and the position of the fellows themselves, are con-

templated.
FELO-DK-SE (a felon of himself) is a person who, befaig of sound

mind and of the age of discretion, delilwrately causes his own death

;

and also, in some cases, where one maliciovisly attempte to kill another,

and, in pursuance of such attempt, unwillingly kUls himself, he is

Bdjudge<l a felo-de-se. (1 Hawk. P. C. c. 27, 8 4.) When the deceased

is found by the coroner a felo-de-se, all his chattels, real and personal,

are forfeitetl to the crown, though they are usually restored upon pay-

ment of moderate fees ; and therefore a will made by liim is void as to

his personal estate, though not as to his real estete, nor is his wife

barred of her dower. Formerly he was buried in the highway with a
steke driven through his body. These laws, so highly rcjiugn.'Uit to the

feelings of humanity, being a punishment to the surviving relatives of

the deceased, in addition to the general impression that no man in his

sound sense ever does commit suicide, causetl juries in general to find

that the deceased was not of soimd mind ; and by the Act i Oeo. IV.

c. 62, the legislature has so far yielded to the popular and herein the

better opinion, as to abolish the former ignominious mixle of burial,

and to provide that a felo-de-se shall be privately interred at night in

the burial-ground in which his remains might by law have been interred

if the verdict of felo-de-se had not been found ogainst him.

FELONY, in the general iicccptation of the English law, comprises

every species of crime which occasioned at common law the forfeiture

of lands or goods, or both, and to which a capital or other punishment
might be sviperadded, according to the degree of guilt Variois deriva-

tions of the word have been suggested. Sir Henry S])elman supposes that

it may have come from the Teutonic or German " fee " (fief or feud)

and " Ion " (price or value), or from the Saxon " feelen " (to fall or

offend). Capital punishment by no means enters into the true idea

and definition of felony ; but the common notion of felony has lieen so

generally connecteil with that of capital punishmeut, that law-writers

have found it difficult to separate them : indeed, this notion aopiired

such force, that if a statute made any new ofieuce felony, the law
implied that it should be punished with death. The numlwr of

offences, however, to which this puni.shment is affixed by the law of

England is now very small ; and several statutes were |vuuied early in

the present reign (1 Vict.) fotuide<l upon the principle that the jiimish-

ment of death should only be inflicted for crimes accomjiaiiied with
violence. Thus o. 84 substituted the punishment of transfmrtation for

that of death in those cases where the latter might still l>e inflicted for

forgery ; c. 85 materi.ally lessened the severity of the puiii»hment of

offences against the person ; c. 86 cn-icted that biirgliry un.iccompauicd

with violence sliall no longer bo punished capitally, and pn<vide<l that,

so far as the offence of burglary is concerned, the night t-lioiild be con-

sidered to commence at nine in the evening and to conclude at six in

the morning ; c. 87 mitigated the punishment attending the crimes of

robljeiT and stealing from the person ; o. 88 rendered piracy punishable

with death only when mimler was attempteil; c. 89 regtdated the

pimishment for the crime of arson ; c. 90 mitigated the punishment of

transijortation for life in certain cases; and c. 91 abolished the punish-

meut of death in the cases there specified. The principle of amelio-

ration was carrictl still furtlicr four years later liy the stat. 4 4 5 Vict,

c. C6, n'''-'•" capitel jiunishment for embcEzlement by servants of

the 11 uid, offences under the Stamp Act, riotoiw demolition

of chin I -H, *c., and also for rape. Great nuralicrs of offences

were formerly liable to this severe punishment; and it must seem
strange to persons who do not observe the extreme difficulty with

which old-established customs and prejudices, however ill fiiiin<U-d, are

subverted, that this sj-stcm should so long and so obstinately liave

withstood the most convincing arguments and conclusive statistical

evidence. It is impossible, within the limits of this article, to enume-
rate the crimes which the law considers to l>e felonies ; and the more
so, as the word felony has long been tised to signify the degree of crime

rather than the penal consequences. It may be sufficient, therefore,
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to state generally, that murder, manslaughter, felo-de-se, robbery, arson,

burglary, some offences against the coin, &c., are considered and classed

as felonies ; and (the distinction between grand and petit larceny no
longer existing) every larceny is a felony.

Besides the special pimisliment affixed to his crime by the law, a

felon upon conviction forfeited the rents and profits of his lands of

inheritance during his life to the king (which are now usually com-
poimded for), and also all his goods and chattels absolutely ; and as

attainder of felony caused corruption of blood, his lands, except of

gavelkind tenvirc, escheated to the lord of the fee. This last conse-

quence, however, was taken away by stat. 54 Geo. III. c. 145, which
enacted that, except for treason or murder, corruption of blood should

not follow attainder; and as diificulties might sometimes occur in

tracing descent through an ancestor who had been attainted, it was, by
the 3 & 4 Will. IV. c. 108, § 10, enacted that descent mjty be traced

through any person who shall have been attainted before such descent

shall have taken place. [Escheat ; Forfeiture.]
In connection with this subject, it may be interesting to refer to the

distinction formerly taken between felony with and without benefit of

clergj-, xi exjilained in the article Benefit of Clergy.
FELT ; KKLTINO. Under Hat SLikufacti'RE will be foimd a

description of that peculiar process whereby woollen and fur fibres are

felted into a material stiitable for hats ; but woollen fibres are also

sometimes combined by the felting instead of the weaving process for

carpets and various kinds of cloth. Among other manufacturing firms

for the ptu^iose, there is the ' Patent Felted Woollen cloth Company ;

'

by whom is made felt carpets, embossed and printed felt table-covers,

felt polishing cloth for plate and other purposes, felt for veterinary

purposes, felt waistcoatings, felt coach-cloths and lailway-carriage-

linings, upholsterers' felt, and felt for pianofortes.

A material called Aiphalttd Roofinij Pdt has come rather extensively

into use. The two principal kinds are Croggon's and McNeill's.

The qualities of this material are imperviousness to rain and snow,
non-conduetibility of heiit, elasticity, lightness, durability, economy,
and easy application. The felt is used for roofing buildings ; for

lining granaries and stores ; for protecting ceilings from damp ; for

lining the insides or outsides of wooden buildings ; for covering con-

servatories ancl ganlen-frames ; for thatching com and hay ricks ; and
for many other purposes. This felt is sold in large sheets at the rate

of about a penny per square foot. Another kind, called Inodorous
Felt, is saturated with waterproof material free from the smell of the
ordinary felt, and is used to prevent wall-paper from being injured by
damp. There is also a patent Felted Sheathing, for covering ships'

bottoms ; it is a felted mixture of hair and vegetable fibre, not
intended as a substitute for copper sheathing, but to be used as a layer

beneath it. Another variety, the Non-conducting Felt, is used as a

covering for boilers and steam-pipes, on accoimt of ita power of con-

fining the heat within the vessel enclosed by it ; it is used for fixed,

locomotive, and marine steam-engines, and in breweries and distilleries :

it is said also to be a good protective of water pipes from frost. An
Asphalted Pelt is made in long pieces, 32 inches wide by about 80
yards long, and is sold in any smaller or larger quantities. The
fibrous material of which it is formed is saturated with as[>halte or

bitumen. Some of the sheds and other buildings at Devonport and
Woolwich Dock Yards, the Isle of Portland, and elsewhere, have been
covered with this material ; but its infiammabllity is a disadvantage.

For all the above and for other kinds of uses, new felted materials
have been patente<I within the last few years. Williams's patent
for felting wool or fur or Ijoth into cloth, taken out in 1840,
was extended for a further period in 1854, on the grotmd that

the process, although involving a heavy expenditure, had not yet
j-iekled much profit. Parker's felt, patented in 1851, is made in a

peculiar way. The fibres of wool, fur, or hair, are first made into a
batt or soft sheet by the action of carding and doSSng engines ; this

latt is wound on a roller and conveyed to the felting machine. There
are two strata or beds of bars of wood, laid crosswise on straps or belts

;

the beds are horizontal, and a little distance apart ; the batt of fibres

is brought between them ; and all the bars of the upper bed, having
a reciprocating vertical movement, felt the fibres while travelling
onwartl. The roller and the two beds dip in water, to facilitate the
prricesa. In reference to the felt for retaining the heat of steam-
boilers, we rnay state that a new mode of procedure was intro<luced by
Mr, Gamett in 1858. The felt is here composed entirely of waste
woollen refuse from pa)>er-mills, converted to coarse pulp in the
ordinary rag engines ; it is put upon the steam boiler in a wet or
pulpy state, and is felted or matted together by being beaten with
pieces of flat woocL When dry, it becomes one solid piece. As a
proof of its excellent qualities as a non-conductor of heat, it is asserted
that (>n a boiler working at 50 or 80 tons pressure, candles may be laid
on the felt for weeks together, without melting. The felt may at
any time be taken off and replaced, by steeping in hot water till

softened. So far as conccnis the manufacture of felted cloth for
fimients, America apiwars to have made a greater advance than
ngland. Mr. Whitworth, the eminent machinist, in reporting on the

machines displ.iy.-d at the Great Exhibition in New York in 1853, ha<l
occasion to notice the Bay State Mills at Lawrence, nine miles from
Lowell, and twenty-six from Boston. This is one of the largest woollen
mills in the world, employing more than 2000 hands. He said ;

" The whole waste from the mills is worked upjin the manufacture of
felted cloth. The felt-making machine employs but a small space.
A sliver of wool is taken from the carding machine and passed between
two endless cloths ; these carry it over a narrow steam-box, where it

is steamed. It is then passed under a vibrating pressing-plate, which
operation causes the fibres to ciu-1 and interlace with each other, and
so form a cloth." The cloth thus matle is of fair quality in fineness
and elasticity. A new and useful fabric made in that establishment is

felted lining-cloth, composed of a small quantity of wool felted upon
gauze ; the gauze forms a back to the felt ; and the substance obtained
by this means is much thicker than the small quantity of material
employed would seem to denote. The gauze surface is hidden when
the lining is applied to a garment, and the felt is quite strong enough
for the purpose in view. Some of the carpet and cloth felt made at
these mills is printed by block-work ; and in a few instances cloth for
coatings is printed of two different colom'S on the two surfaces.

FEME-SOLE. [Wife.]
FEMININE. [Gender.]
FENCES are necessary wherever cattle are depastiu'ed and proper-

ties divided ; and according as they are intended to prevent men or
cattle from tresijassing over them, they ai-e formed of various materials
and dimensions.

When a j>aik is enclosed to keep in deer or game, the best fence is a
stone or brick wall, well built with lime-mortar ; but as this is expensive
where stone and lime are not at hand, the common park-paling is more
frequently met with. This is composed of posts and rails of oak
mortised and pinned together, and split pales of the same material
nailed upon these in an upright position. The pales are split out of the
trunks of oaks, where there are no bi'anchcs or knots, when the sap is

still in them. They are about half an inch thick, and with feather
etlges, that is, diminishing in thickness from one side to the other

:

their usual width is five inches. When they aie nailed on the rails,

which are usually of a triangular form, the thickest edge of one pale is

nailed over the thinner edge of the preceding, forming thus a very
close fence. Every alternate pale is placefl three or four inches
higher than its neighbour, which gives the top of the fence a castellated
form. This is not done merely for appearance ; but it makes it more
difficult to climb over, and the deer are not so apt to leap at it as if

the top were a straight line. The distance between the posts is usually
nine feet ; and the three rails with the pales nailed on them is called a
panel, and may be conveniently moved at once when any alteration in
the fence is required. A whole fence m.ay be moved at a small
expense, merely by digging out the posts, and placing them elsewhere.
The panels come in regularly, and are pinned into the old mortices in
the posts. Sometimes the pales are nailed at a distance from each
other, which makes the ojjeti-pakd fetice, a.m\ the pales are then gene-
rally cut to a point at top. This fence is peculiar to Great Britain and
Ireland, and is very seldom found on the Continent.

In the Jura and the Alps, where wood abounds, a rough fence is

frequently made with strong split pieces of wood, which are fixed

obliquely in the ground and supported at the upper end by two others
placed in the form of a cross. It is not a very strong fence, but it is

sufficient to prevent the cows from straying, for unless a bull with his
horns makes a gap in it, they wiU not attempt to pass it.

In wild mountain pastures in Scotland and Ireland, it is usual to
separate the properties of different individuals or that of parishes by
rough stone walls put together without any mortar. The materials are
generally at hand, and a rough and efficient fence is made without
much labour.

Some of these walls are built with considerable skill and are very
durable ; especially if the stone is of a nature to split vrith a flat

surface, in which case a dry wall may be built which has all the
appearance of one built with mortar. Sometimes a layer of mortar is

laid on the stones at a little distance from the ground, and another neai-

the top. The coping is usually made of flat stones, which are some-
times placed on edge in a direction across the wall, and wedged
together along the top of it or set in mortar, forming a very rough
coping, which it is not easy to get over.

Where stones are not at hand, or less trouble is taken, a high bank
of earth faced with sods of grass is substituted for a wall. This is

not so durable and is more easily surmounted, unless a hedge of some
kind be pknted along the top. Furze seed is often sown for this

purpose, and soon fonns an excellent fence, which by proper care and
clipping will last a long time. But the most common kind of fence
for fields is the hedge and ditch, the bank being raised with the earth
and sods taken out of the ditch, and the hedge plante<l on the side of

the bank towards the ditch or on the top. Sometimes there is a ditch ^

on both sides. In flat wet lands this last is extremely useful, not only
as a fence, but as a drain for the superfluous water. When the ditch

is intended to carry off the water, .and there is only one, it is of con-

sequence that it should be so placed as to answer this purpose
eflectually ; it should therefore always be on that side of the bank
where the ground rises, for otherwise the bank will impede the natural

flow of the water, and it will lie necessary to cut through it in different

places to let the water running from above have an outlet into the

ditch. In some extensive inclosures of land great inconvenience has

arisen from the neglect of the surveyor in not attending to this circum-

stance, and setting out the bank on the upper side. Where they are
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not required aa draiiu, it u * gmt WMte of luid to hsTe any ditchea,

and a aimpla hedge planted on the aur&ce of the eoil ia much to be

ntaferred. Of all fenoea, a lire hedge, which i* carefully planted, and

kapt properly cut and trimmed when it ia grown up, ia by far the

beat [Heooi]
When a fence ia required within night of a dwelling, and it is

deairable for it to be oonoealed, a duen ditch ia sometimea dug, and a

fence placed in the bottom of it at sucn a depth aa u»t to appear above
the level of the ground. This ii called a maU-frure. Sometime* a

wall ia boUt against a perpendicular aide of a ditch, and some very

light taioe ia placed obliquely outwards near the top of it and level

\nth the ground. When it ia desired to keep off sheep or cattle from
a lawn or pleasure-ground without obstructing the view of the park or

the fieItU, this " ha ha" fence is very umful. A variety of liylU jenea of
inm have been invented for the sauie puq>oge : some of these are fixed

and others moveable ; some have upright pieces of cast-iron aa peats let

into oak blocks sunk in the ground, and rods of wrought-iron passing

through holes in the uprights ; some have wire fur the same purpose.

Bat the most common iron fence is composed of separate wrought-iron
hurdles which luay be moved at pleasure, and are kept together by
orewad pins and nuts. They are merely stuck into the ground, for

which purpose they have the ends of the uprights sharpened and bent
so as to form a foot.' By having this bend alternately on the right and
on the left, they form a very firm basiB when two hurdles are joined,

the left foot of the one being strengthened by the right foot of the
other, A very neat fence may be made at a small expense by using
aa poets pieces of young larch-trees four or five inches in diameter, with
the bark on, and passing iron rods through holes bored in them at

certain distances from each other. A fence of this kind five feet high,

with five horizontal rods five-eighths of an inch in diameter, is an
excellent protection against cattle, and takes up nu ground.
The greatest objection to the ditch and bank fence is that it takes

up so much room. If the ditch is three feet ^vide, the bank will be the
same. There is a foot along the ditch, and another along the bank,
where the plough cannot reach ; there ore therefore eight feet lost. If

the fields are squares of ten acres each, which is a convenient size, each
field will have 1320 feet of fence in length, taking up 10,560 square
feet of land, which is nearly a quarter of an acre. If to this be added
the outer fences against roads, woods, or commons, it will he found
that nearly one acre in twenty-five is taken up by banks and ditches.

It is therefore a great s.->ving to have a simple hedge without any ditch,

wherever the land is well drained or has a porous subsoil.

It is usual in England to plant trees in the hedge-rows ; and it is

owing to this practice that England presents such a rich garden-like
appearance, wherever there is a hill which enables one to see any extent
of country. But trees are a great detriment to the farmer ; and where
the land is highly manured, the trees draw off much of the rich juices.

The prudent tenant considers this in the rent ; and although the land-
lord may now and then sell some timber, he pays dear for it in general
by the annual deduction from his income on their account. Stone
>ralla have a dreary appearance to the eye, but they are excellent fences

;

they take up litUe ground, they draw nothing out of the soil, they
harbour no birds, and they are the best shelter against cold winds in
spring. In an agricultural point of view, therefore, walls are to be
preferred, unless the soil be favourable to the growth of the white-
thorn or the holly ; for clipped hedges are kept up at a much smaller
expense than walls , and where there is no ditch, hedges take up as
little room.
When hedges are preferred, whether with or without a bank and

ditch, they must be protecte<l until they are of a certain .-ige ; .and for
this purpose there are particular kinds of fences. When there is a
bank and double <litch, and the hedge is pLmted on the top of the Imnk,
which makes by far the most efficient fence, there are usually two
feaoes, one on each side of the bank. These fences are made of
rough posts and rails mortised into the poets. The posts are a foot or
18 inches in the ground, and 2 feet 6 inches out. They are placed
in the side of the bank, inclined somewhat outwards, about 4 feet

6 inches asunder. The two rails are let into mortices in the alternate
posts, and nailed to the middle post, which is rather slighter. Thus a
very formidable fence is mode, which those who follow the diversion of
hunting, and are not very well mounted, dread to encounter. If there
is only a single ditch, it is usual to plant the hedge in the side of the
bank ft little above the level of the groimd. To protect the young
thorns from being cropped by the cattle, it is usual to make a dead
hedge of stakes with bushes and brambles interwoven on the top of the
bank : and if there is pasture land on the side where the ditch is, a
post and rail fence is put up along the edge of the ditch till the hedge
is grown sufficiently not to be injured by the cattle. When branches
of thonia and bushes only are tuod without stakes, it is called a/oo(
hiigt ; when the branches are interwoven, and the top of the hedge is

finished with rods wattled in, it is colled a itake and edder hedge.

Wlkererer neataess and durability are consulted, the stoke and edder
hedge ia always preferred.

Baaides Umm common fences, there are variotia others of a light or
temporary nature, which are chiefly used in gardens and pleasure-
grounds, and also when sheep only are to be kept out, or when a new
quick hedge along an orchard or ganlen has been plante<L A cheap
and neat fence of this kind ,is made with stakes inly planted in the

ground, forming a aeriea of St. Andrew's croeaes : or with osier or

Eaaal rods worked between stakes like baaket-woric, either horizontally

and lightly or obliquely and doeely. When the rods are split, the

appearance is still neater and lighter. A variety of light iron fences

mode of slender rods or wire have been invented to protect flower-

gardens or shrubberies from the depredations of bares and rabbits, and
their forms diflTer according to the foncy and taste of individuals.

FEOD. [Kkddai. Ststiui.]

FEOKKMiCNT (in law) ia that mode of oonveyanoe of lands or real

hereditaments in possearion where the land passes by force of livery in

deed, that is, actual deliveiy of a ]>ortiou of the land, as a twig or a
turf ; or where the parties being on the land the feoflbr expressly gives

it to the feoffee, &c. ; or livery in law or within view, that is, where
the parties being witliin sight of the land, the feoOur refers to it and
gives it to the feoffee. A feoflbient was the earliest mode of convej-ing

real hereditamenta in possession known to the common Uw. A grant

[Dsso; Oramt] was the mode used when lands subject to an existing

estate of freehold, and when rents or other incorporeal hereditaments

incapable from their nature of being the subjects of livery, were trans-

ferred. The term feofiinent is evidently of feudal origin, its latinised

form being feo&mentum, from feudare or infeudare, to infeoff, to give

a feud. The mode of conveyance is how^ever of much higher antiquity

than the feudal system, the mode of transferring property by the

delivery of possession being common to all nations in rude ages. (Oilb.
' Ten.' 386.) It prevailed amongst the Anglo-Saxons, who gave posses-

sion by the delivery of a twig or a turf, a mode still used in the ad-

mission of tenants of copyhold lands. The form of an ancient feoffment

was singularly concise. There is a copy of one in the Appendix to the

2nd vol. of Blackstone's ' Commentaries,' Ko. 1.

Feoffments are now little used. The statute 8 & 9 Vict. c. 106, gave
the last blow to a mode of conveyance already nearly obsolete. By this

Act corporeal hereditaments are mode to lie t» grant as well as I'ti lirery.

Thus actual or symbolical livery of seisin is unnecessary. See Blackst.

'Comm.' vol. ii. p. 311, Mr. Kerr's Ed.
The essential part of this mode of conveyance is the delivery of

possession, or, as it is technically called, livery of seisin. In former
times land was frequently conveyed without any deetl or writing, by
simple delivery. Subsecjuently it became the custom to have a written

instrument cilled the charter or deed of feoffinent [Charter], which
declared tlie intention of the parties to the conveyance. But now,
since the Statute of Frauds (29 Car. II. § 3), a written instrument is

necessary.

Livery of seisin was at first performed in the presence of the free-

holders of the neighbourhood, vassals of the feudal lord ; because any
dispute relating to the freehold was decided before them as pores curis,
" equals of the court," of the lord of the fee. But afterwards, upon
the decay of the feudal system, the livery was made in the presence of

any witnesses ; and where a deed was used, the livery was attested by
those who were present at it.

Livery in deed may bo made by the feoffor or his attorney to the
feoffee or his attorney. When lands lie in several counties, as many
liveries are necessary ; and where lands are out on lease, there must be
as many liveries as there are tenants, for no livery can be made but by
the consent of the tenant in possession, and the consent of one will not
bind the rest. But livery in law or within view can only be given and
taken by the ivu-ties themselves, though lands in several counties may
pass if they aU be within view. Livery of this natiu^ requires to be
perfected by subsequent entry in the lifetime of the feoffor. Formerly,
if the feoffee durst not enter for fear of his life or bodily harm, his

claim, mode yearly in the form prescribed by law, and called continu.al

claim, would preserve his right. The security of property consequent
upon the progress of civilisation having renderetl tliis exception tm-
neceesary, it was abolished by the Statute of LimiUitiuus, 3 & 4
WiU. IV.,c. 27,§11.

Since the Statute of Uses [Baroain; Sale; Uses] introduced a
more convenient mode of conveyance, feoSinents have been rarely used
in practice, and then rather for their supposed peculiar effects, aa
wrongful conveyances [Cokvevancbs], than as simple means of trans-

ferring property. It has been usual to make corporations convey their

own estates by feofiinent, in consequence of the supposition that a
corporate body cannot stand seised to a use, though it seems that this

d(X:trine only applies to the cose o(^ lands being conveye<l to a corpo-
ritiiiu to the use of others. (Gilb. ' On Uses,' Sugil. Ed. 7 note.) Where
the otiject to be attained w.is the destruction of contingent remainders
or the discontinuance of an estate toil, or the acquirement of a fee for

the piu-pose of levying a fine [Fink] or suffering a recovery [Recovery],
a feoffment was usually employed. Such indeed w.ia the efficacy

attributed to this mode of conveyance by the earlier law writers, that
where the feoffor was in possession, however imfounded his title might
be, yet his feoffment passed a fee ; voidable, it is true, by the rightful

owner, but which by the lapse of time might become good even as

against him. Being thus supposed to operate as a disseisin to the
rightful owner, it was thought till recently that a person entitled to a
term of years might by malting a feoffment to a stranger p-iss a fee to

him, and then by levying a tine acquire a title by non-claim. This
doctrine led to very considerable discussion, and though strictly

accordant to the principle of the old law, yet being alike repugnant to

the principles of justice and of common sense, it has been overruled.
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In the progress of the discussion which ended in overturning the

dootruie, arguments against its justice and expediency were used, rather

than those founded upon the principles of law, and the bench even

resorted to ridicule. Mr. Baron Graham in one case observed, " Yet is

this pretended possession of paper and packthiead to be called by the

tremendous name of disseisin." The recent statute above-mentioned

declares that a feoffment shall not have a tortious or wrongful effect,

and thu8 most of the above learning has become mere antiquarianism.

The owner of lands of gavelkind tenure [Gavelkind] may convey

them by feoffment at the age of 15 ; and therefore in such cases, which
are necessarily rare, a feoffment is still resorted to. It was also till

lately frequently .used for the sake of economy upon small purchases, in

order to save the expense of a second deed, which was necessary where
the conveyance was by lease and release.

FERMENT. Amongst organic compounds there exist a number of

substances, some of animal othere of vegetable origin, containing

nitrogen, and in which the different constituents are held together by
affinities so feeble, as to render them liable to spontaneous changes

when exposed to favourable conditions, such as air, moisture, and
warmth. Albumen, fibrin, casein, and gluten, for in-stance, are bodies

of this class, which, when removed from vital influence, are exceed-

ingly prone to enter into slow chemical decomposition, the final

products of which are usually carbonic acid, water, and ammonia.
Such sul)8tance8 during their passage through these chemical changes

are termed fermenlt, and .are capable of inducing, by mere contact with

other bodies of more stable character, certain chemical changes. This

operation of inducing chemical change by contict with a ferment is

denominated /(?r«jen<a^io«, and is frequently employed both in chemistry

and the arts for producing various interenting transformations. It is

thus that alcohol is produced from sugar by the ferment yeast ; the

peculiar oil to which mustird owes its origin is generated by a similar

reaction ; and recently Berthellot has succeeded in transforming glycerin

into grape-sugar by mere contact with a small fragment of .ininial

membrane. As a ferment is essentially a body in a state of chemical

change, it follows that the exact composition of such bodies is difficult,

if not impossible, to determine, and hence we are imacquainted with

the formula of any ferment. The following are the best known
ferments :

—

1. Yeatt, produced when a saccharine solution, containing nitro-

genous matter, as white of egg, is exposed to the air at a temperature

of about 80° Fahr. The yeast separates as a kind of scum or froth.

It transforms sugar into alcohol and carbonic acid, malic acid into

succinic, acetic, .-md carbonic acids, and tannic acid into gallic acid.

2. Diattax. This ferment exists in malted barley, and possesses

the property of converting starch into dextrin and grape-sugar.

3. Si/naptaif or Emtiliin, exists in almon'ls, and converts amygdalin

into oil of bitter almonds (hydride of benzoyl), formic acid, hydrocyanic

acid, .ind sugar. [A.mygdaI.i>".] It also converts salicin into sugar

.•ind 8.^1igenin. According to Thompson and Richardson, when synapfcise

i^ boiled with caustic baryta, it yields emuUic acid.

4. J/yro»in, contained in mustard. In contact with water and myronio

itcid, which is also contained in mustard, it produces oil of must:ird.

5. Decaying chetxf, in contact with cane- or milk-sugar, transforms

them first into lactic acid, and then, by further contact, converts this

lactic acid into butyric acid, carbonic acid, and hydrogen. The latter

transformation is sometimes termed the butyric fennentation.

It mnst be remarked that all these fermentive processes require the

presence of water and moderate warmth. They .are frequently, but

not invariably, attended with the evolution of gases. In many fer-

mentive processes, the ferment itself suffers very little change, although

large quantities of the fcnnentescible substance may have undergone

transformation. The ferment does not, therefore, combine with any
'•f the products of tran8form.ition ; it appears only to commimicate, by
< ontact with the fermentescible sulwtance, an impulse to the molecules

"f the latter, which determines their splitting up into two or more
new compounds.

Processes which are generally regarded as analogous to the above,
' lit which are less understood, can be induced in the bodies of living

nimals; thiM when morbific matter, the fluid of putrefying flesh,

^.^ccinc matter, Ac, are brought into contact with circulating blood,

the latter sniffers remarkable changes, attended with the proiduction

'! certain forms of disease; and it is also more than probable that

I'^iseoua ferments are amongst the conditions necessary for the pro-

duction of most, if not all, infectious diseases, such as typhus, cholera,

' arlatina, &c.

FERMENTATIOX. [Febme.nt.]
KERHIC ACID. [Iron.]
FERKICYANIDE3. Perridci/anidet. Salts of FEnBlDCTAjJic Acid.
FiyiUIDCYANIC ACID (H,C„N,Fe,), llydrnferridcyanic <irid.

An acid analogous to Febkoctanic acid, obtained in red crystals by
suspending ferridcyanide of lead in water, and passing sulphuretted
livdro^en through the mixture. [Cyanooen.]
"FEKROCVANIC ACID (H,FeCy,), liydra-feirocyanic Acid. Dis-

covered Viy Porret, and by him called ferruretled chyazic acid. He
procured it from the decomposition of ferrocyanide of potassium by
the action of tartaric acid, or from ferrocyanide of barium by means
of sulphuric acid. According to BerzeUus it is best prepared by
diffusing recently precipitated ferrocyanide of copper or lead through
ARTS ASD SCI. DIV. VOL. IT.

water, and passing hydrosulphuric acid gas through the mixture ; tlio

sulphur precipifcvtes the copper or lead in tlie state of sulphuret, while
the hydrogen, uniting with the cyanogen and iron, forms ferrocyaniu
acid. Any excess of sulphuric acid is to bo got rid of by adding ferro-

cyanide of the metal employed. The solution should bo quickly
filtered and evaporated in vacuo over sulphuric acid. A white residue
is obtained which when dissolved in water is inodorous, sour, reddens
litmus paper, decomposes the alkaline carbonates with effervescence,

forms ferrocyanides with them, and exhibits other proofs of a strong
acid. When exposed to sponbmeous evaporation in a warm place,

colourless radiating crystals are observed, which have the appearance of

four-sided prisms. This acid is decomposed by long exposure to the
air, Prussian blue being formed and precipitated ; this is also produced
by .adding to it a persalt of iron.

The aijueous solution is also decomposed by boiling ; .and when sub-

mitted to destructive distillation it yields hydrocyanic acid, hydro-
cyanate, and carbonate of ammonia, and carburet of iron remains.

[Ctanooen.]
FERROCYANIDES, Salts of Fereoctaxic Acid.
FERRY, an exclusive i)rivilege for the carriage of horses and men

across a river or arm of the sea for reasonable toll. The owner of a
ferry cannot suppress it and put up a bridge in its stead without a
licence ; but he is bound to keep it always in repair and readiness, with
expert men, and reasonable toll, for neglect of which he is liable to be
punished by indictment. And, therefore, if a ferry is erected so near
to an ancient ferry as to draw away its custom, it is a nuisance to the
owner of the old one, for which the law will give him remedy by
action. The fen-y is in respect of the landing-pkce, and not of the
water ; and in every ferry the land on both sides ought originally to

have been in the same person, otherwise he could not have granted the
ferry. As all existing ferries are of gi'eat antiquity, and generally con-
nect roads abutting on either side of the water, the original uuity of

possession is now mere matter of curiosity. A ferry is considered for
some purposes a common highw.ay. v

FESCENNINE VERSE.S were rude licentious verses sung by young
men at weddings, and before the door of the nuptial chamber. This
was a very ancient c\istom at Rome : the practice, and some of the
verses themselves, are said to have been introduced from Fescennium,
an old Etruscan town near the present site of Civita Castellana. Festus
and others derive the name Fescennine from fascinum, a charm or evil

influence, which was supposed to have the power of depriving persons
of their physical strength, and which the Fescennine verses were
intended to avert. V.aletta, a Neapolitan Lawyer and poet of the 18th
century, lias written a curious book on the " Fascino," or evil eye, the
belief of which is still prevalent iit Naples, The Fescennine verses

were distinct from the epithalamia, which were more refined and
reguLar compositions. [Epithalamicm] Horace (Epist, ii. 1) saj's

that Fescennine verses were sung by the country-people at harvest-

time ; and the custom of dealing out licentious jokes npon each other
and, upon strangers passing by is still retained by the vint,agers in

various parts of Italy. The name of Fescennine was given in general

to licentious and satirical epigrams, Octavianus is said to have
written some of this character against PoUio, in the time of the
Triumvirate,

FEUD, [Feudal System,]
FEUDAL SY.STEM. In treating of this subject, we shall endea-

vour to present a concise and clear view of the principles of what is

c:illed the feud.al system, to indicate the great stages of its history,

especially in our own country, and to state briefly the leading con-

sidenations to be taken into .account in fonning .an estimate of its

influence on the civilis<ation of modem Europe.

The essential constituent and distinguishing characteristic of the
species of estate called a feud or fief was from the first, and always
continued to be, that it was not an estate of absolute and independent
ownership. The ultimate property, or dominium directum, .as it was
called, remained in the grantor of the estate. The person to whom it

was granted did not become its owner, but only its tcn.ant or holder

:

he possessed the dominium utile only. There is no direct proof that

fiefs were originally resumiible at pleasure ; but the position is laid

down in almost every writer on the feud.al system, .and, if not to be
m.ade out by any decisive instances, it is at least strongly supported

not only by general considerations of probability, but also by some
indicative facts. The fief was certainly at one time revocable, at least

on the death of the grantee. In receiving it, therefore, the grantee

had received not an absolute gift, but only a loan, or at most an estate

for his own life.

This l>eing established as the true character of a primitive feud or

fief, may perhaps throw some light upon the much disputed etymology

and true meaning of the word. Feudum has been derived by some
from a I,Atin, by others from a Teutonic root. The principal Latin

origins proposed urefiedus (a treaty) aad fides (faith). The supposition

of the transformation of either of these into feudum seems unsupported

by any proof. These deriv.ations, in fact, are k,ardly better than another

resolution of the puzzle that has been gravely offered,—namely, that

feudum is a word made up of the initial letters of the words " fidelis

ero ubicjue domino vero meo." The chief Teutonic etymologies pro-

po.sed li.ave been from the old Gennan faida, the Danish fade, or the

modem German vehd, all meaning Uattle-feud or dissension ; but the
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most aeoepUUc U from /< or /re, which it ti ndd dgni&M wig«* or pay

for arrvioe, the word o<t or odA, to which tho Kignifloation of paawnion
orproperty is aadgned, being combined with it. Sir Francis Palgraro

(' lose and Prugress of Kagi Com.,' pp. 204-207) doubts if the word

fiwi»m erer existed. The true word seems to be fevdum, or feflum.

Pur or Jiff (latinised into frrodinm, wliich some contracted into

ftrtium, and others, bj omitting the r, into fendum) be conceives to be

Jiuf, or pkluf, and that again to be a colloi^uial abbreviation of rin/'Ay-

taitii, pronounced tmpJkyte/til, a well-knonn term of tho Roman law

for an estate granted to be held not absolutely, but with the owuerahip
still in the grantor and the osofruct only in the hands of the grantee.

It is certain that mijjAytCMiu was used in the middle ages as synony-

mous with prtearla ; that prerarirr, and also pnulit'r, or nriii)lari(T

(literally loans), were the same with bentfieia ; and that beneficia under
the emperors were the same or near the same as /left. The word fru,

which in Scotland means an estate held of a superior or lord, for which,

at explained by Erskine (' Principles," b. ii., tit. 4), a rent, or feu-

duty, as it is railed, is alwayfl paid, has " a strong resemblance to the

Roman tmpkffltutu, in the nature of the right, the yearly duty payable

by the vassal, the penalty in the case of not punctual payment, aud the

restraint frequently laid upon vassals not to alien without the superior's

consent."

The origin of the system of feuds has been a fertile subject of specu-

lation and dispute. If we merely seek for the existence of a kind of

landed tenure re^mbling that of the fief in its essential prinuiple, it is

probable that such may be discovered in various ages and parte of the

world. But feuds alone are not the feudal system ; they are only one

of the elements out of which th.at system grew. In its entireness, it is

certain that the feudal system never subsisted anywhere before it

arose in the middle ages in those parts of Europe in which the

Germanic n-ttions settled themselves after tho subversion of the

Roman empire.

Supposing feud to be the same word with the Roman emphy-
teusis, it does not follow that the Germanic nations borrowed the

notion of this species of tenure from the Romans. It is perhaps more
probal^le that it was the common form of tenure among them
before their settlement in the Roman provinces. It is to be observed

that the emphyteusis, the precaria, the beneficium, only subsisted

under the R^man scheme of polity in particular instances, but they
present themselves as the very genius of the Germanic scheme. What
was only occasional under the one became general under the other.

In other words, if the Romans had feuds, it Avas their Qermouic con-

querors who first established a system of feuds; upon their first

settlement in the conquered provinces.

We know so little with certainty respecting the original institutions

of the Germanic nations, that it is impossible to say how much they

may have brought with them from their northern forests, or how much
they may have borrowed from the imperial polity, of the other chief

element which enters into the system of feudfdism, the connection

subsisting 1>etwccn the grantor and the grantee of the fief, the person

having the property and the person having the usufruct, or, as they

were reqpectively designated, tiie suzerain or lord, aud tlie tenant or

vassal. Tenant may be considered as the name given to the latter in

reference to the particular nature of his right over the Und as the

hiMitroi it, in short; vassal, that denoting the f>articular nature of his

personal connection with his lord. The former has been already

e^lained ; the consideration of the latter introduces a new view. By
some writers the feudal vassals have been derived from the cmnilts, or

officers of the Roman imperial household [Count] ; by others from the

comita, or companions, mentioned by Tacitus (' Oermon.' 13, &c.) as

attending upon each of the German chiefs in war. The latter opinion

U ingemotuly maintained by Montesquieu (xxx. 3). One fact appears

to be certain, and is of some importance, namely, that the original

Taasali or vaad were merely noblemen who attached themselves to the

court and to attendance U|)on the prince, without necessarily holding

any landed estate or beneficium by royal grant. In this sense the

words occur in the early part of the 9th centvuy. Vassal has been
derived from the Celtic ffwat, aud from tho German geteU, which are

probably the same word, and of both of which the original siguifi-

cation seema to be a helper, or subordinate aasooiate, in labour of

kind.

If the vassal was at first merely the associate of or attend-vit upon
his lord, nothing could be more natural than that, when the latter

cam* to have land to give away, he should must frequeutly bestow it

upon his vosi^als, both as a reward for their past and a bond by which
be might secure their future services. If the peculiar form of tenure
ooostituUng the fief did not exist before, here was tho very case which
would suggest it. At all events, nothing could bo more perfectly

adapted to the circumstances. The vassal was entitled to a rooom-
psMs ; at ths same time it was not the interest of the prince to sever

ilisir oonnsiion, and to allow him to become independent
;
probably

that was as little the desire of the vassal himself ; be was conveniently
sad BOpropriatcly rewarded therefore by a fief, that is, by a loan of

land, toe profits of which were left to him as entirely as if he had
obtaiasd the ownership of the land, but his precarious and revocable
tenure o< which, at the same tims, kept him bound to his lord in the
same depeadaooe as befccc

Here then we have the union of the feud and vassalage—two things

which remained intimatdv and inseparably combined so long as the
feudal system existed. They may have originally been quite distinct,

and merely been thrown into combination by circumstances. It is

possible that there were vassals who were not feudatories, or feuda-

tories who were not vassals. But when the advantage of the associa-

tion of the two characters came to be perceived, it would be established

as essential to the completeness of eadl. Every vassal would have a
fief, and every person to whom a fief was granted would be a vassal,

and thus a vaanl and the holder of a fief come to signify one and the

same thing.

Fiefs are supposed to have been at first entirely precarious, that is to

say, reaumable at any time at the pleasure of the grantor. But if this

state of things ever existed, it probably did not last long. Even from
the first it is most probable that many fiefs were granted for a certain

term of years or for life. And in those of all kinds a substitute for tho

original precariousness of the tenure was soon found, which while it

equally secured the rights and interests of the lord, was much more
honourable and in every way more advantageous for the vassal. This
was the method of attaching him by certain oaths and solenm forms,

which, besides their force in a religious point of view, were so con-

trived as to appeal also to men's moral feelings, and which therefore it

was accounted not only impious but infamous to violate. The relation

binding the vassal to his lord was made to wear all the appearance of a

mutual interchange of benefits,—of bounty and protection on the one

hand, of gratitude and service due on the other; and so strongly did

this view of the matter take possession of men's minds, that in the

feudal ages even the ties of natural relationship were looked upon as of

inferior obligation to the artificial bond of vassalage.

As soon as the position of the vassal had thus been made stable and
secure, various changes would gradually introduce themselves. The
vassal would begin to have bis fixed rights as w^ as his lord, the

oath which he hoi taken measuring and determining both these rights

and his duties. The relation between the two parties would cease to

be one wholly of power and dominion on the one hand, and of mere
obligation and dependence on the other. If the vassal perfonned that

which he had sworn, nothing more would he required of him. Any
attempt of his lord to force him to do more would be considered an
injustice. Their connection would now assume the appearance of a

mutual compact, imposing corresponding obligations upon both, and
making protection as much a duty in the lord as gratitude and service

in the vassal.

Other important changes would follow this fundamental change, or

would take place while it was advancing to completion. After the fief

had come to be generally held for life, the next step would be for the

eldest son usually to succeed his father. His right so to succeed would
next be established by usage. At a later stage fiefs would become, as

they did, descendible in the collateral as well as in the direct line. At
a still later, they became inheritable by females as well as by males.

There is much difierence of opinion, however, as to the dates at which
these several changes took place. Some writers conceive that fiefs

first became hereditai^ in France \mder Charlemagne ; others, however,
with whom Mr. Hallam agrees, maintain that mere were hereditary

fiefs under the first race of French kings. It is supposed not to have

been till the time of the first Capets in the end of the 10th century

that the right of the son to succeed the father was established by law

in France. Conrad II., siu'uamed the Salic, who became emperor in

1024, is generally believed to have first established the hereditary

character of fiefs in Germany.
Throughout the whole of this progressive development of the system,

however, the original nature of the fief was never forgotten. The >ilti-

uiate property was still held to be in the lord ; and that fact was very

distiuetly signified, not only by the expressive language of forms and
symbols, but by certain liabilities of the tenure that gave still sharper

intimation of its true character. Even after fiefs l>ecame descendible

to heirs in the most comprehensive sense, and by the most fixed rule,

every new occupant of the estate had still to make solemn uckiiou leflgc-

ment of bis vassalage, and thus to obtain, as it were, a renewal of the

grant from the lord. He became bound to discharge all services and
other dues as fully as the first grantee had been. Above all, in certain

circumstances, as, fur example, if the tenant committed treason or

felony, or if he left no heir, the estate would still return by forfeiture

or escheat to the lord, as to its original owner.

Originally fiefs were granted o^y by sovereign princes ; but after

estates of this description, by acquirmg the hereditary quality, came
to be considered as property to all practical intents and purposes, their

holders proceeded, on the strength of this completeness of possession,
themselves to assume the cliaraoter and to exercise the rights of lords,

by the practice of what was called subinfeudation, that is, the alien-

ation of portions of their fiefs to other parties, who thereupon were

pUoed in the same or a similar relation to them as that in which they

stood to the prince. The vassal of the prince became the lord over

other vassals ; in this latter caiucity he was called a mesne (that is, an
intermediate) lord ; he was a lord and a vassal at the same time. In
the same manner the vassal of a mesne lord might become also the

lord of other arrere vassals, as those vassals that held of a mesne lord

were designated. This process sometimes produced curious results

;

for a lord might in this way actually l>ecome the vassal of his own
vassal, aud a vassal lord over liis own lord.



13 FEUDAL SYSTEM. FEUDAL SYSTEM. 6i

\

b

From whatever cause it may have happened (which is matter of dis'

pute), in all the continental provinces of the Roman empire which were

conquered and occupied by the Germanic nations, many lauds were

from the first held, not as fiefs, that is, with the ownership in one

|Mirty and the usufruct in another, but as allodia, that is, in full and

entire ownership. [Allodium.] The holder of such an estate, having

no lord, wa.s of course free from all the exactions and burdens which

were incidental to the vassalage of the holder of a fief. He was also,

however, without the powerful protection which the latter enjoyed

;

and so important was this protection in the turbulent state of society

which existed in Europe for some ages after the dissolution of the

empire of Charlemagne, that in fact most of the allodialists in course

of time exchanged their originally independent condition for the security

and subjection of that of the feudatory. " During the 10th and 11th

centuries," says Mr. Hallam, " it appears that allodial lands in France

had chiefly become feudal ; that is, they had been surrendered by their

proprietors, and received back again upon the feudal conditions ; or,

more frequently perhaps, the owner had been compelled to acknowledge

himself the man or vassal of a suzerain, and thus to confess an original

grant which had never existed. Changes of the same nature, though

not perhaps so extensive or so distinctly to be traced, took place in

Italy and Germany. Yet it would be inaccurate to assert that the

prevalence of the feudal system has been unlimited ; in a great part of

France ^llnHinl tenures always subsisted, and many estates in the

empire were of the same description."

Alter the conquest of England by the Normans, the domiuium di-

rectum, or property of all the land in the kingdom, was considered as

vested in the crown. " All the lands and tenements in England in the

hands of subjects," says Coke, " are holden mediately or immediately

of the king ; for in the law of England we have not properly allodium."

This universality of its application therefore may be regarded as the

first respect in which the system of feudalism ^tablished in England

differed from that established in France and other continental countries.

There were also various other differences. The Conqueror, for instance,

introduced here the practice unknown on the continent of compelling

the arrere vassals, as well as the immediate tenants of the crown, to

take the oath of fealty to himself. In other countries a vassal only

swore fealty to his immediate lord ; in England, if he held of a mesne

lord, he took two o.iths, one to his lurd and another to his lord's lord.

It may be observed, however, that in those times in which the feudal

principle was in its greatest vigour the fealty of a vassal to his imme-
diate lord was usually considered as the higher obligation ; when that

and his fealty to the crown came into collision, the former was the

oath to whicD he adhered. Some feudists indeed held that his allegi-

ance to the crown was always to be understood as reserved in the

fealty which a vassal swore to his lord ; and the Emperor Frederick

Barbarossa decreed that in every oath of fealty taken to an inferior

lord there should be an express reeenration of the vassal's duty to the

emperor. But the double oath exacted by the Norman conqueror did

not go B<j far as this. It only gaire him at the most a concurrent power

with the mesne lord over the vassals of the Utter, who in France were

nearly removed altogether from the control of the royal authority. A
more important difference between the English and French feudalism

consisted in the greater extension given by the former to the rights of

lords generally over their vassals by what were called the incidents of

wardship and marriage. The wardship or guardianship of the tenant

during minority, which implied both the custody of his person and the

appropriation of the profits of the estate, appears to have been enjoyed

by the lord in some parts of Germany, but no where else except in

England and Iforraandy. The right of marriage (maritagium) origin-

ally implied only the power possessed by the lord of tendering a

husband to his female ward while under age : if she rejected the match,

he forfeited the value of the marriage ; that is, as much as any one

would give to the lord for permission to marry her. But the right

was afterwards extended so as to include male as well as female heirs
;

and it also appears that although the practice might not be sanctioned

by the law, some of the Anglo-Norman kings were accustomed to exact

penalties from their female vassals of all ages, and even from widows,

for either marrying without their consent, or refusing such marriages

as they proposed. The seignorial prerogative of marriage, like that of

wardship, was peculiar to England and Nonsandy, and to some parts

of Germany.
It has been very usual to represent military service as the essential

peculiarity of a feudal tenure. But the constituent and distinguishing

element uf that form of tenure was its being a tenancy merely, and not

an ownership ; the enjoyment of land for certain services to be per-

formed. In the state of society however in which the feudal system
grew up, it was impossible that military service should not become the

cbi^ duty to which the vassal was bound. It was in such a state of

society the most important service which he could render to his lord.

It was the species of 8cr\'ice which the persons to whom fiefs were first

granted seem to have been previousiT accustomed to render, and the

continuance of which accordingly the grant of the fief was chiefly

intended to secure. Yet military service, or knight service, as it was
called in this coimtry, though the usual, was by no means the necessary

or uniform condition on which fiefs were granted. Any other

honourable condition might be impfwed which distinctly recognised

the U'/minium dirtctum of the lord. [Khioht-Sebvic'E.]

Another common characteristic of fiefs, which in like mimuer arose
incidentally out of the circumstances of the times in which they
originated, was that they usually consisted of land. Land was in those
times nearly the only species of wealth that existed ; certainly the only
form of wealth that had any considerable security or permanency.
Yet there are not wanting instances of other things, such as pensions
and oSices, being granted aa fiefs. It was a great question nevertheless
among the feudists whether a fief could consist of money, or of any
thing else than land ; and the most eminent authorities have main-
tained that it could not. The preference thus shown for land by the
spirit of the feudal customs has perhaps left deeper traces both upon
the law, the political constitution, and the social habits and feelings of

our own and other feudal countries thau any other part of the system.
We have thence derived not only the marked distinetiou by which our
law still discriminates certain amounts of interest in lands and tene-

ments under the name of< real property from property of every other

kind, but also the ascendency retained by the former in nearly every
respect in which such ascendjeuoy can be upheld either by institutions

or by opinion.

The grant of land as a fief, especially when it was a grant from the
suzerain, or supreme lord, whether called king or duke, or any other
name, was, sometimes at least, accompanied with an express grant of

jurisdiction. Thus every great tenant exercised a jurisdiction civil and
criminal over his immediate tenants : he held courts and administered
the laws within his lordship like a sovereign prince. It appears

that the same jurisdiction was often granted by the crown to the
abbeys with their lands. The formation of Manors in this country
appears to have been consecjuent upon the establishment of feudalism.

"The existence of manor-courts, and so many small jurisdictions within

the kingdom, is one of the most permanent features of that polity

which the Normans stamped upon this country.
In the infancy of the feudal system it is probable that the vassal

was considered bound to attend his lord in war for any length of time
during which his services might be required. Afterwards, when the
situation of the vassal became more independent, the amount of this

kind of service was fixed either by law or by usage. In England the
whole country was divided into about 60,000 knights' fees ; and the
tenant of each of these appears to have been obliged to keep the
field at his own expense for forty days on every occasion on which his

lord chose to call upon him. For smaller quantities of land propor-
tionately shorter terms of service were due : at least such is the
common statement ; although it seems improbable that the individuals

composing a feuda^ army could thus have the privilege of returning

home some at one time, some at another. Women were obliged to

send their substitutes ; and so were the clergy, certain persons holding
public offices, and men past the age of sixty, all of whom were exempted
from personal service. The rule or custom however both as to the

duration of the service, and its extent in other respects, varied greatly

in different ages and countries.

The other duties of the vassal were rather expressive of the relation

of honourable subordination in which he stood to his lord than
services of any real or calculable value. They are thus summed up by
Mr. Hallam :

—" It was a breach of faith to divulge the lord's counsel,

to conceal from him the machinations of others, to injure his person
or fortune, or to violate the sanctity of his roof and the honour of his

family. In battle he was bound to lend his horse to his lord when
dismounted ; to adhere to his side while fighting, and to go into

captivity as a hostage for him when taken. His attendance was due to

the lord's courts, sometimes to witness and sometimes to bear a part

in the administration of justice."

There were however various other substantial advantages derived by
the lonl. We have already mentioned the rights of wardship and of

marriage, which were nearly peculiar to the dominions of the English
crown. Besides these, there were the payment, called a relief, made
by every new entrant upon the possession of the fief, the escheat of the
land to the lord when the tenant left no heir, and its forfeiture to him
when the tenant was found guilty either of a breach of his oath of

fealty, or of felony. There was besides a fine payable to the lord upon
the alienation by the tenant of any part of the estate, if that was at all

permitted. Finally, there were the various aids, as they were called,

payable by the tenant. " These," observes Mr. Hallam, " depended a

great' deal upon local custom, and were often extorted imreasonably.

Du Cange mentions several as having existed in France ; such as an

aid for the lord's expedition to the Holy Land, for marrying his sister

or eldest son, and for paying a relief to his suzerain on taking

possession of his land. Of these the last appears to have been the

most usual in England. But this and other aids occasionally exacted

by the lords were felt as a severe grievance ; and by Magna Charta
three only are retained—to make the lord's eldest son a knight, to

marry his eldest daughter, and to redeem his person from prison.

They were restricted to nearly the same description by a law of

William I. of Sicily, and by the customs of France. These feudal aids

are deserving of our attention as the beginnings of taxation, of which
for a long time they in a great mea-'ure answered the purjiose, till the

craving necessities and covetous policy of kings substituted fur them
more durable and onerous burthens."

The principal ceremonies used in conferring a fief were homage,
fealty, and investiture. The two firot of these cannot be more dis-
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Unctly or mora shortly ducribed thui in the wordi of Littleton

:

" Uomagv U the moat honourkbls Mnrioe, and mo«t humble lervice of

rererroce.that • fnuik tenant may do to hia lord : for when the tenant

hall make houtago to his lord, he ihall be ungirt and hia head
unoovered, and hia lord (hall sit and the tenant ahall kneel before him
CO both his knees, and hold his hand jointly together betweeu the

hands of his lord, and ahall say thua : I beoome your luan, from thia

lUy forward, of life and limb, and of earthly vronihip, and unto yon
shall be true and faithful, and bear you faith for the tenements that I

claim to hold of you, saving the faith that I owe to our soverei)(n lord

the king ; and then the lord, so sitting, shall kiss him." liuiigioiis

pemns and women instead of " I beoome your man," said, "1 du
homage unto you." Here it is to be observed there was no uath

taksD ; the doing of fealty consisted wholly in taking an oath, without
any obeisance. " \Vhen a freeholder (frank tenant)," says Littleton,

"doth fealty to his lord, he shall hold his right hand upon a book,

and shall say thus : Know ye this, my l'<rd, that I shall )>e faithful

and true ui.to you, and faith to you snail bear for the lands which I

daim to hold of you, and that I 8h.iU lawfully do to you the customx
and services which I ought to do at the tcrius assigned, so help me
Ood and his saints ; ami he shall kixs the book. But he shall not
knoel when ho maketh his fealty, nor shall make such (that is. any
such, iid,) humble reverence as is aforesaid in homage." " Investiture

or the actual conveyance of feudal lands," says Hr. HoUam, " was of

two kinds
; proper and improper. The first was an actual putting in

poatession upon the ground, either by the lord or his deputy ; which
IS now called in our law livery of seisia. The second was symbolical,

and consisted in the delivery of a turf, a stone, a wand, a branch, or

whatever else might have been made tisual by the caprice of local

custom^ Du Cange enumerates not less than 98 varieties of investi-

tures." The mode of conveying lands in England bv feofiinent is

derived from the feudal investiture. [Feoffment.] The practice of

giving infeftmeut in Scotland, is neither more nor less than symbolical
investiture.

The feudal system nuy be regarded as having nearly reached its

maturity and full development at the time of the Norman conquest.

It appears accordingly to have been established here immediately or

very soon after that event in as pure, strict, and comprehensive a form
as it ever attained in any other country. The whole land of the
kingdom, as we have alrraidy mentioned, was without any exception

either in the lunds of the crotvu, or held in fief by the vassals of the
crown, or of them by sub-infeudation. Those lauds which the king
kept were called his demesne (the Terrs Kegia of the Domesday
Survey), and thus the crown had a number of immediate tenants, like

any other lord, in the various lands reserved in nearly every part of

the kingdom. No where else, also, before the restrictions established

by the cliarters, were the rights of the lord over the vassal stretched in

practice nearer to their extreme theoretical limits. On the other hand,
the vassal had arrived at what we may call his ultimate position in the
natural progress of the system ; the hereditary quality of feuds was
fully established ; his ancient absolute dependence and subjection had
passed away ; under whatever disadvantages his inferiority of station

might place him, he met his lord on the common ground of their

mutual rights and obligations ; there might be considerable contention
about what these rights and obligations on either side were, but it was
admitted that on both sides they had the same character of real,

legally binding obligations, and le^Uly maintainable rights.

This settlement of the system however was anything rather than an
asaurance of it« stability and permanency. It w.is now held together
by a principle altogether of a difi°erent kind from that which had
originally created and cemented it. That which had lieen in the
bej^nning the very hfe of the relation between the lord and the vassal

had now in great part jwrished. The feeling of gratitude could no
more survive than the feeling of dependence on the i>art of the latter

after feuds became hereditary. A species of superstition, indeed, and
a lense of honour, which in some degree supplied the pUce of what
WM lost, were preserved by oaths and ceremonies, and the influence of
habit and old opinion ; but these were at the best only extraneous
props; the wlf'Siistainiug strength of the edifice was gone. Thus it

was the tendency of feudalism to decay and fall to pieces under the
necewry development of its own principle.

Other causes called into action by the progress of events conspired
to bring about the same rvsiilt. The very uiiUtary spirit which was
foetered by the feudal institutions, and the wars, defensive and aggres-
sive, which they were intended to supply the means of carrying on,
led in course of time to the release of the vassal from the chief and
mo«t distinguishing of his original obligations, and thereby, it may bo
said, to the rupture of the strongest bond that had attached him to

hia lord. The feudal military army was at length found so incon-
vanient a force that soon after the accession of Henry II. the personal
errica of vassals was dispensed with, and a pecuniary payment, under
the name of eiciiage, accepted in its stead. From tliis time the vaiisal

was no longer really the defender of his lord ; he was no longer what
he profeased tu b« in his homage and his oath of fealty ; and one efifect

of the cfaaaga must have been still farther to wear down what remained
of the old impreasiveness of these solemnities, and to reduce them
nearer to mere dead forms. The accjuisition by the crown of an army
of subseni'iont mercenaries, in exchange fur its former inefficient and

withal turbulent and unmanayble army of vassals, was in fact the

discovery of a substitute for the main purpose of the feudal polity.

Wbataver nouriahed a new power in the oommonwaalth, also, took

8uat«nanoe and strength from this ancient pow«-. Such must in an
especial degree have been the effect of the growth of towns, and of the
new species of wealth, and, it may be added, the new manners and
modes of thinking, created by trade and commerce.
The progress of sub-infcudation has sometimes been represented as

having upon the whole tended to weaken and loosen the fabric of

feudalism. It " demolished," observes Blackstone (ii. 4), " the ancient

simplicity of feuds ; and an inroad being once nuide u|x>n their con-

stitution, it subjected them in a course of time to great varieties and
innovations. Feuds began to be bought and sold, and deviations wera
made from the old fundamental rules of tenure and succession, which
were held no longer sacred when the feuds themselves no longer con-

tinned to be purely military." But the practice of sub-infeudation

would rather seem to have been calculated tu carry out the feudal

principle, and to place the whole system on a broader and finner basis,

and this has been found to be the effect in Scotland. It would be

more correct to ascribe the demolition of the fabric of feudalism, to

which we have now nearly arrive<l, to the prohibition agoiust sub-

infeudation. The effect of this practice was to deprive the lord of his

forfeitures and escheats and the other advantages of his seigniory, and
various attempts therefore were made to check or altogether prevent

it, in which the crown aud the tenants in chief, whose interests were
most affected, seem to have joined. One of the clauses of the great

charter of Henry III. ^the thirty-second) appears to be intended to

restrict sub-infeudation (although the meaning is not quite clear), and
it is expressly forbidden by the statute of Quia Emptora (18 Edw. I.,

c. I). This however was originally the only way in which the holder

of a fief could alienate any part of his estate without the consent of

his lord ; and it therefore became necessary to provide some other

mode of effecting that object, for it seems to have been felt t^t after

alienation hod been allowed so long to go on under the guise of sub-

infeudation, to restrain it altogether would be no longer possible.

The consequence was, that, as a compensation for the prohibition of

sub-infeudation, the old prohibition against alienation was removed ;

lands were allowed to be alienated, but the purchaser or grantee did

not hold them of the vendor or grantor, but held them exactly as the

grantor did ; and such is still the legal effect in England when a man
parts with hia entire interest in his lands. This change was elTected

by the statute of Quia £mpiwet with reganl to all persons except the

immediate tenants of the crown, who were {permitted to alienate on
paying a fine to the king by the statute 1 Edw. III. c 12. Thus at

the same time that a practice strictly accordant to the spirit of feu-

dalism, and eminently favourable to its conservation and extension,

was stopped, another practice, altogether adverse to its fundamental

principles, was introduced and established, that of allowing vuluntary

alienation by persons during their lifetime.

It was a consequence of feudal principles, that a man's lands could

not be subjected to t^e claims of his creditors. This restraint upon
what may be called imiAimtari/ alienation has been removed by the

successive enactments which have had for their object to nuike a
man's lands liable for his debts : although, it is only after a lapse of

nearly six hundred years since the statute of Acton Biu'nell, that the

lands of a debtor have been subjected to the just demands of his

creditors. This statute of Acton Buruell, passed 11 Ed. I. (1288),

made the devisable burgages, or burgh tenements, of a debtor saleable

in discharge of his debts. By the Statute of Merchants (18 Ed. I.,

St. 13), a debtor's lands might be deUverod to Ins merchant creditor

till his debt was wholly paid out of the profits. By the 18th chapter

of the Statute of Westminster the Second, passed the same year, a
moiety of a debtiir's land was 8ubjecte<l to execution for debts reco-

vered by judgment (Elecjit] ; aud finally, by several modem statutes,

the whole of a hinkrupt debtor's l.mds have become absolutely sale-

able for the payment of his debts. Further, by 3 4 4 Will. IV. c. 104,

aU a deceased person's estate in lands, of whatever kind, is liable to the

payment of his debt«, both those on specialty and those on simple

contract.

An attempt had early been made to restore in part the old restraints

upon voliinlari/ alienation by the statute 18 Ed. I. c. 1, entitled

' De Douis Couditionalibus,' which had for its object to enable auy

owner of an estate, by his own disposition, to secure its descent in

perpetuity in a particular line. So far as the statute went, it was an

effort to strengthen the declining power of feudalism. The effect was

to create what were called estates tail, and to free the tenant in tail

from many liabiUties of hia ancestor to which he would be subject if

he were seised of the same lands in fee-simjile. [EstatK-J The power

which was thus conferred upon landliolderj of preventmg the alieu-

ation of their lands remained in full force for nearly two centuries, till

at last, in the reign of Edward IV., by the decision of the courts

(ad. 1472) the practice of barring estates tail by a common recovery

was completely established. [liECOVEBT, CoMMO.N.]

The practice of convoying estates by fine, which was of great

antiquity in Enghmd, and the origin of which is referred to the time

of Stephen or Henry II., was regulated by various statutes (among

others, by 4 Henry VII.) and contributed materially to facilitate the

transfer of lands in general, but more particularly to bar estates tail.
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[Fixe.] By 32 Henry VIII. c. 28, tenants in tail were enabled to

make leases for three lives or twenty-one years, which should bind
their i^ue. The 26 Henry VIII. c. 13, ako, had declared all estates

of inheritance, in use or possession, to be forfeited to the king upon
any conviction of high treasou, and thus destroyed one of the strongest

inducements to the tying up of estates in tail, which hitherto had only
been forfeitable for treason during the life of the tenaut in tail.

Another mode by which the feudiil restraints upon voluntary

alienation came at length to be extensively evaded was the practice

introduced, probably about the end of the reign of Edward III., of

granting lands to persona to «se», as it was termed ; that is, the new
owner of the land received it not for his own use, but on the under-

standing and confidence that he would hold the laud for such persons

and for such purposes as the grantor then named or might at any time
afterwards n.ime. Thus an estate in land came to have two qualities

or natures, so to speak, one of which waa the legal ownership, and the
other the right to the profits or the vm ; and this use could be trans-

ferred by a man's last will at a time when, the land itself being still

bound in the fetters of feudal restraint, could not be transferred by
will, except where it was devisable, as in Kent and some other parts of

England, by special custom. The person who thus obtained the use
or profits of the estate—the cestui que u»e, as he is called in law—was
Jinajly converted into the actual owner of the land to the same amount
of interest as he had in the vise (a.d. 1535) by the Statute of Uses
(27 Hen. VIII. c. 10), and thus the power of devising land which
had been enjoyed by the mode of uses was taken away. But this

important element in the feudal system, the restraint on the dis-

I>ogition of lands by will, could no longer be maintained consistently

with the habits and opinions then established, and accordingly, by
Stat. 32 Hen. VIII. (explained by 34 Hen. VIII.), all persons were
allowed to dispose of their freehold lands held in fee-simple by a will

in writing, subject to certain restrictions as to lands held by knight

service either of the king or any other, which restrictions were
removed by the stat. ^12 Chag. II. c, 24, which abolished military

tenures. [Uses.]

Notwithstanding these successive assaults upon certain parts of the
ancient feudalism, the main body of the edifice still remained almost

entire. It is said that the subject of the abolition of military tenures

was brought before the parliament in the ISth of James I., on the

king's recommendation ; but at that time nothing was done in the

matter. When the civil war broke out in \6i\, the profits of marriage,

wardship, and of most of the other old feudal prerogatives of the

crown, were for some time still collected by the parliament, as they

had formerly been by the king. The fabric of the feudal system in

England, however, was eventually shattered by the storm of the great

rebellion. The Court of Wards was in effect discontinued from 1645.

The restoration of the king could not restore what had thus been in

practice swept away. By the above-mentioned statute (12 Car. II.

c. S4) it was accordingly enacted, that from the year 1645 the Court of

Wards and Liveries, and all wardships, liveries, primer-seisins, values,

and forfeitures of marriage, kc, by reason of any tenure of the king's

majesty, or of any other by knights' tenures, were taken away and dis-

charged, together with all fines for .alienations, tenure by homage,
eacoage, aids pur file inamer and pur fair fitz cheraher, &c. ; and that

all tenures of any honours, manors, lands, tenements or hereditaments,
or any estate of inheritance at the common law, held either of the king
or of any other person or persons, bodies poUtic or corporate, were
turned into free and common soccage, to all intents and purposes.

[SotCAOE.] By the same statute, every father was empowered by deed
or will, executied in the presence of two n-itnesses, to appoint persons

to have the guardianship of his infant and unmarried children, and to

have the custody and management of their property. It was not till

after the lapse of nearly another ceutiuy that similar incidents of

feudalism were put an end to In Scotland by two statutes, passed after

the Rebellion,—the 20 Geo. II. c. 43, entitled ' Au Act for abolishmg
Heritable Jiuisdictions

;

' and the 20 Geo. IL c. 50, entitled ' An Act
for taking away the Tenure of Wardholding in Scotland.' It is only
within the last few years that estates-tail in Scotland have been reUeved
from the strictest fetters of a destination in perpetuity.

We have enumerated the principal statutes which may be considered
as having broken in upon the integrity of the feudal system, considered
in reference to the power which the tenant of land can now exercise
over it, and the right which others can enforce against him in respect
of his property in it. But the system of tenures still exists. The
statute of Charles II. only abolished military tenures and such parts of

the feudal system as had become generally intolerable ; but all lands in

the kingdom are still held either by soccage tenure, into which military

tenures were changed, or else by the respective tenures of frankal-

moyne, grand serjeanty, and copyhold, which were not affected by the
.stattite.

Sumc of the consequences of tenures, as they at present subsist, can-
not be more simply exemplified than by the rules as to the Forfeiture
and Escheat of lands, both of which, however, have undergone modi-
fications since the statute of Cliarles II.

To attain a comprehensive and exact view of the present tenures of
landed property in England and their incidents and conseiiucnces, it

would be necessary for the reader to enter upon a course of study more
laborious and extensive than is consistent with pursuits not strictly

legal. Still a general notion may be acquired of their leading charac-
teristics by referring to several of the articles alrearly quoted, and to

such heads as Attaindek, B.vron, Copyhold, Courts, Distress,
Estate, Lease, Manor, Tenures, and such other articles as may be
referred to in those last mentioned.
The notions of loyalty, of honour, of nobility, and of the importance,

socially and politically, of landed over other property, are the most
striking of the feeling which may be considered to have taken their
birth from the feudal system. These notions are opposed to the ten-

dency of the commercial and manufacturing spirit which has been the
great moving power of the world since the decUne of strict feudalism ;

but that power has not yet been able to destroy, or perhaps even very
materially to weaken, the opinions above mentioned in the minds of

the mass.

We are uot, however, to pass judgment upon feudalism, as the origi-

nating and shaping principle of a particular form into which human
society has run, simply according to our estimate of the value of these

its relics at the present day. The true question is, if this particular

organisation had not been given to European society after the dissolu-

lutiou of the ancient civilisation, what other order of things would in

all likelihood have arisen, a better or a worse than that which did
result? Some assistance in settling this question might perhaps be
obtained by comparing the liistory of society, from this date, in the
feudal countries, with its history in those pai-ts of Europe to which
feudalism never reached,—France or England, for iustance, with Den-
mark, Sweden, or Hungary.
As for the state of society during the actual prevalence of the feudal

system, it was without doubt in many respects exceedingly defective

and barbarous. But the system, with all its imperfections, still com-
bined the two essential quahties of being both a system of stability and
a system of progression. It did not fall to pieces, neither did it stand
stiU. Notwithstanding all its rudeness, it was, what every right system
of polity is, at once conservative and productive. And perhaps it is

to be most fairly appreciated by being considered, not in what it

actually was, but in what it preserve<l from destruction, and in what it

has produced.
The carUest published compilation of feudal law was a collection of

rules and opinions supposed to have been made by two lawyers of

Lombardy, Obertus of Otto and Gerardus Niger, by order of the
Emperor Frederic Barbarossa. It appeared at Milan about the year
1170, and immediately became the great text-book of this branch of

the law in all the schools and universities, and even a sort of authority
in the courts. It is divided in some editions into three, iu others into

five books, and is commonly entitled the ' Libri Feudorum ; ' the old

writers, however, are wont to quote it simply as the Textus, or Text.
But the great sources of the feudal law are the ancient codes of the
several Germanic nations ; the capitularies or collections of edicts of

Charlemagne and his successors ; and the various Coutumiers or col-

lections of the old customs of the different provinces of France. The
laws of the Visigoths, of the Bui-gundians, the Salic law, the laws of

the Alemanni, of the Baiuvarii, of the Ripuarii, of the Saxons, of the
AngUi, of the Werini, of the Frisians, of the Lombards, &c., have been
pubUshed by Lindenbrogius in his ' Codex Legum Antiquarum,' fol.,

Francof., 1613. The best e<litions of the capitularies are that by
Baluze, in 2 vols, fol., Paris, 1677, and that by Chiniac, of which, how-
ever, wo believe only the first two volumes have appeared, Paris, fol.,

1780. Richebourg's ' Nouveau Coutumier G(!ni5ral,' 4 vols, fol., Paris,

1724, is a complete collection of the Coutumiers, all of which, however,
have also been published separately. All these old laws and codes, as

well as the Milan text-book, have been made the subject of voluminous
commentaries.
-FEVER, CONTINUED. Under the name fever are included

various diseases which are distinguished by some term prefixed to this

word, as scarlet fever, inflammatory fever, yellow fever, continued

fever, intermittent fever, remittent fever, and such like. There can

be little doubt that this term fever has been applied to very opposite

and different states of the system, and the only idea implied by the

word is a certain continuity in the disease, and perhaps a tendeucy in

the diseased processes to come to a natural termination. The term
fever is however frecjueutly appUed alone to that group of diseases to

which recent medical writers have applied the term " continued

fevers." This expression continued distinguishes them more espe-

cially from the fevers called intermittent [Ague], remittent [HvDBO-
CEPHALns], and yellow fevers. By some writers it is supposed that

the varioim forms of continued fever are butmodirications of that same
state of the system in which intermittent, remittent, and yellow fevers

come on. There is however good reason to believe that ague and
remittent and yellow fevers arise from causes difl'erent from those

producing continued fevers. Hence they are now regarded as distinct.

Dr. Jenner, who has recently written on this subject, sums up the

forms of continued fever in the following manner.
" Sebricula—A disease attended by chilliness, alternating with a

sense of heat, headache, white tongue, confined bowels, high-coloured

scanty urine, hot and dry skin, and irrequent pulse, terminating iu

from two to seven days, and having for its cause excess, exposure,

over-fatigue, &c.— (i.e.) the cause of febricula is not specific.

" Rclapainrj Fever.—A disease arising from a specific cause, attended

y rigors and chilliness, headache, vomiting, white tongue, fepigastric
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, BWiflnil bowali, aolMigad Urar and (plMO, Ug^-ooloured

uriiM. frequent pulM, hot ikin, and oocasionkUjr by jkundioe, aod
UnniiMtinff in apparent oonvalaioMtoe in from fiva to eight day« ; in a

WMk a rehpae (i.«.) • nfietitioa of the ninptomi praaent during
the primary attack. After death, aplaen and liver arc found oonaidc-

cablr anlarnid ; atmnee ol markad oonooition of internal organ*.
" TVpAotdt PvMt.— diiaaae ariaiitg nrom a apaoifie oauaa, attended

by rigora, «-hillii«a» headache, miooeaiTe cropa of roae q>ota, traquaiit

pulM, aoooroua rale, <liarrhaaa, fulnaaa, reeonance, and tandemeai of

tha abdoman, gurgling >o the right iliao foaaa, increaead aplsuic

dulneea, driirium, dry and brown tongue, and proetratioo, and ter-

minating by tbv SOth day. After death enlaigement of the meaenteria

g^anda, diaoaae of Peyer* patohea, enlargement of the cpleen, dinaami-

natad ulcerations, diaeeminated inflammationa,
" TjiphMi Ptrtr.—A diienin ariaing from a spocifio cauaa, attended

by rigor*, chilliuaaa, headache, mulberry rash, frequent pulse, delirium,

dry brown tongue, and prostration, and terminating by the twenty-

Ant day. After death, dinemiDated and extreme congestiuusi m
yoimg i>cisons, enlargement of the spleen." (' Medical Times,' 20tb

Wa may take, for the convenience of describing the condition of tb«

mtem in the state of continued (ever, the ordinary continued fever of

this country, the disease denominated Common Continued Fever
(Synochus Mitior). The phenomena which take place in this disease,

aod tha order in which they aucceed each other, are the following :

—

The flnt event in the series ie. the derangement of the fimctions of

the narroua system. There is reason to believe that this derangement
ttkaa place primarily in the organic system of nerves, that system
which presides over the nutrition of the organs, and consequently that

tha very first effect of the noxious agent, whatever it be, which pru-

ducea fever, is to disorder the health of the organs, and thereby to

impair their eneiigy.

Though it is probable that a disorder of the organic nerves is the

fint event that actually takes place in fevers, yet the first event of

which we become conscious would seem to be a derangement in the

second portion of the nervous system, the great nervous centres in

which sensation, intellectual operation, and voluntary motiou have

their seat, namely, the brain and spinal cord. The organic functions

being carried on without consciousness, we can know tliat they are

disordered only by their produdng disturbance in some i>art of the

•sntient system. The organic portion of the nervous system la most
intimately connected with the sentient portion, and any disorder of

tha former is quickly extended to the latter. In an attack of fever the

diaotdared condition of the brain in indicated by a loss of mental

•nargy. But this loss of mental energy, though it is probably the very

firat indication of fever of which any one can be conscious, is by no
means the first symptom which usually attracts attention. In general

tha leas of mental power is not observed until it becomes distressing,

which does not often liappen until the progress of the disease is fui-ther

advanced. The loss of meqtal power is indicated by the inability to

perceive clearly the trains of ideas, and to attend closely to their

relation ; whence result indistinctness and confusion of mind, and the

want of capacity to form a sound judgment.
Aa this state of the mind depends on the disordered condition of the

organ in which the mind has its seat, the brain, and as the servant of

the mind, volition, lias its seat in the same portion of the nervous

iiyatem : closely connected with this mental weakness, is the loss of

•Bsrgy in the muscles of voluntary motion. Lassitude is the result.

The movements of the body are feeble and unsteady, as the energy of

the mind It impaired.

From tliiH morbid condition of the brain and of the muscles of

Toluntary motion, theie results an uneasy sensation, of which no idea

eao be conveyed by words ; it must be felt to be understood. It is not

pain, it is more distressing than pain ; even the mere restlessness which
accompanies, and which forma ao large a i>art of it, any one would
fladly exchsinge for intense pain : it is this state which has been appro-

priately and expreasly named ' Febrile Uneasiness.'

But very soon there is superadded to this uneasy sensation positive

C'
1. In general pain is fiiat felt in the book and loins, and in the
bs. It is rare that this symptom is absent in the commencement

of this form of fever, and it often occasions more distress to the patient

than anything else during the first stage of the diaeaae.

The remaining part of the history of an attack of common continued
fsiver has been thus given by a physician who baa had Uie moat
abundant opportunittea of witoeasing the progresa of the disesae :

—

Already a remaritahle change is commonly visible in the counte-
DAOce. Its expression is that of dejection ; it is often strikingly similar

to that of a very weak peraon sufl'ering from fatigue. The colour of

face is |«IUd, and the featurea are somewhat shrunk ; but its general
aspect is so peculiar and characteristic, that an experienced eye can
distinguish the diseaae, even at this early period, and without asking a
nftle question. The akin partakes in a remarkable degree of the
debility nliieli so early (hows itself in the muscles of locomotion.
This IS indii'stcd in a striking lunnner by its increaaing sensitivencas to

the physical sgcnta by wbidi it is sunounded, snd by its inabi.ity to

resist thtir iofluenca. Ordinary degrets of temperature produce a sensa-

tion of cold which is sometimes intolerable; chilliness is felt oven in a
kaatsd room, or in jk warm bed ; hence the sensation of cold, aomc-

timaa iaereaaiiig to shivering, which haa been oonddared one of tlta

moat oonstant signs of fever. But this feeling of chillineas l^ no
meaaa depeodaon external temperature ; it is increased by cold, but it

exists in i^ite of an devated tampetature fit arise* from an intwnal
oauae, and is not to be couoteraotod by external heat.

While the patient experienoea the aanaation of cold, there is no
diminution of the quantity of caloric in tha lyatem. The thenuo-
meter applied to any part of the body commooly rises aa high as in the
state of health ; and tha skin, touched by the hand of another peraon,

communicate* not the feeling of oold, but often, on the contrary, that
of pretenutural boat. There la nb poaitire abstraction of caloric from
the body, nor any failure in the process, whatever it be, by which
animal heat ia generated : then is only alVired ^acnsation, in couse-

?|uance of derangement in the function of the skin. In tliis form of
over the chillmess in many cases never amounta to shivering; in
others there is an attack of well-marked rigor, and in others, again,
there is either no feeling of cold, or it ia ao slight that it ssoapaa

o)jeer\'ation.

The symptoms now enumerated are all clearly refarrible to deraoga-
raent of the functions of the spinal cord and brain. There is as yet no
afiection of any other organ obviously or at least much developed. Tha
circulating system, it is true, is just begiiming to be affected. The
pulse is no longer perfectly natural ; it is more languid than in the
state of health ; sometime* it is also quicker ; at other times it is

slower; now and then it ia scarcely changed in frequency, but ita

action is invariably weaker than in ita sound state.

At the some time the respiration is affected in a corresponding
degree; it is shorter and quicker than natural; the chest does not
expand so freely, and compensation seems to be sought in an addi-

tional number of respirations. Oftontimce neither the pulse nor the
respiration appears to be much altered, if the patient remain perfectly

still ; but if he rise and walk across the room the pulse instantly

becomes rapid, oiul the respiration is quickened almost tu fainting.

The transition from the affection of the nervous and sensorial to
that of the circulating and respiratory f>ystems is thus clear and
striking. Physiology teaches us how closely these systems are con-
nected, and how mutually they are dependant one upon the other, the
closest obaervera and the ablest experimentalista candidly confessing
that they are scarcely able to determine which is the least dependant,
or the action of which is the least necessary to the other's performance
of its functions. The ner>'0us system being first deranged, it is thus
coueon.'uit to what we know of the healthy function of the iniitn»l

economy that the circulating and the respiratory systems should be the
next to suffer.

How long the nervous system may continue thus deranged before
any other organs are involved, excepting the circulating and the respi-

ratory, to the extent just stated, is uncertain. There can be no doubt
that in this mild form of fever the range of the duration of this

isolated state of disorder, if we may so express it, is from a few hAirs
to several days. The rapidity or the slovmeas with which other syatams
of organs become involved seems to depend very much upon the aciita-

nesa of the attack. In general, the more acute the fever, the more rapidly
the individual pbeuumeua succeed each other, and the em ire series

becomes complete. But this is not, and it is important to bear in

mind that it is not, invariably the case, for experience teaches us that

the severity and danger of the disease are not diminished by the slow-

ness of ita approach ; and that cases occur which are slow m forming,
and which do not for a while excite alarm, that ultimately become
truly formidable.

It haa been stated that the circulation languishes with the dimi-

nished eaem in the sensorial faculties, and the loss of power in the
muscles of locomotion. After a while the pulse, which waa feebler

than natural, becomea more full, more strong, and generally mora
quick than in a sound state; and now the skin, which waa cold,

liccomes praternaturally hot. The previous cold cousisted, for the
most part, of altered sensation, there being little or no loss of caloric

;

but the feeling of heat, on the contrary, is the result of an actual

incroaae of temperature : for the heat in the interior of the body, aa

well as on the surface, rise* in *pme caies several degree*, as is saoer-

tained by the thermometer, the range of inoreaae being from the
luttural stondsrd 98° to lOfi*, beyond which it is seldom found to

augment in this form of fever. 'The heat ia at first not uniform over

the entire sur&ce of the body : it often happens that aome parts are

oold while othen an burning hot. The boat is oftentimes particularly

intenae over the forehead or over the back part of the head, or over

the whole scalp, while the oheeka are commonly flushed. All these

symptoms denote a morbid condition in the action of the heart and
arteries. Since tlie generation of animal heat is so intimately con-

nected with the circulating and the respiratory functions, it is probable

that the increase of temperature is the result of some morbid action of

the capillary veaaela belonging to these system*. What the disordered

action of these veaels is which produces inorvaae of temperature

we do not know ; but the object of scientific observation is in some
degree accompliKbcd when it ia ascertained that one condition of these

functions is invariably connected with a morbidly diminished tempe-

rature ; another with a morbidly augmented temperature ; and another

with the tcm)>erature of hcaltli.

Immediately the circulation is thus excited, the functions of lecretlon
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and excretion become deranged. The mouth is now dry and parched
;

the tongue begins to be covered with fur ; thirst comes on ; the secre-

tion of the liver, probably also of the pancreas, and certainly of the

mucous membrane lining the whole alimentary canal, is vitiated, as is

proved by the unnatural quantity, colour, and fetor of the evacuations
;

the urine likewise is altered in appearance, and the skin is not more
remarkable for the sense of heat than for that of dryness and harshness

which it communicates to the touch. With the excitement of the

pulse and the increase of the heat, the pain in the back and limbs, and
the general febrile imeasineas are much augmented.
At this period, then, the fever is fully formed ; the series of morbid

phenomena is complete : anything more that happens is referrible to

degree and to duration, and must be the result of one or other of

these circumstances, or of their combined operation.

As soon as the preternatural heat comes on, pain begins to be felt in

the head. The pain of the head is often slight at first, and occasion-

ally it remains slight throughout the disease; at other times it is

pretty severe. Cases sometimes occur, in which, instead of pain there

is only a sense of giddiness, and now and then the uneasy feeling is

described as that of lightness ; or on the contrary, as that of heaviness

or weight. But whether the feeling be pain, and that pain be slight

or severe, or whether it be giddiness or lightness, or heaviness, it

indicates a similar condition of the organ and requires a similar

treatment.

With the accession of pain of the head there is a manifest increase

in the disturbance of the sensorial functions. The inability to think,

to compare, to reason, to judge, great as it was at the commencement,
is now mtich greater. Instead of being more dull, there are certain

atates of the mind which now become more acute and vigilant even
tfaan in health. Sensation itself, at this period, is invariably acuter

than natural, as is indicated in all the organs of sense. The eye

cannot well bear the light : there are few cases in which the full glare

of day does not excite uneasiness, while in many the ordinary light of

a room cannot be borne : in these cases the opening between the eye-

lids is frequently observed to be conti-acted, as if from an invohmtary
effort to exclude a portion of that stimultis which in health excites no
inconvenience, and this state of the eyelids assists in giving to the

eye its duU and heavy expression so characteristic of fever. The
increase of sensibility in the organ of hearing is equally striking.

Sounds which were not noticed during health become acutely and even

distressingly sensible, while accustomed noises, such as that of a

crowded street, are always painful and often intolerable. The skin,

considered as an organ of touch, is in a like morbid state. An im-

pression barely sufficient in the state of health to protluce sensation

excites the feeling of tenderness, and altematious of temperature

which in ordinary states are scarcely perceptible are painful. The
senses of taste and smell, on the contrary, are nearly obliterated, owing

tp the altered condition of the membranes upon which the sensitive

nerves are distributed.

From- the earliest attack of the disease the sleep is disturbed and
unrefreabing ; now scarcely any is obtained ; the febrile uneasiness

will not allow of repose, the patient cannot remain in any position

long, inceaantly shifting his place, never eluding his pain. At this

sta^ the sense of uneasiness in the limbs, oftentimes the severity of

the pain over the whole body, is pectdiarly distressing.

With this progressive increase in the affection of the spinal cord and
the brain, the derangement in the circulating system is proportionately

augmented. The pulse is invariably altered, both in frequency and
cliaracter. Generally it rises to 90, sometimes to 100; but in this

form of fever it seldom exceeds this number ; and occasionally it never
rises above 80. The stroke of the pulse is usually stronger and fuller

than natural, though it commonly retains its softness, and does not

impress the finger with that sensation of sharpness which is charac-

teristic of ordinary inflammation. Occasionally, however, a degree of

slian>nes3 may be perceived in it, and it is not easily compressed.
The thin wliite fur which already had begun to appear on the

tongue progremively increases in extent and thickness. The colour of

the fur usually changes as the disease advances, from a dirty white to

an ash colour ; but in this form of the disease the tongue always
remains moist and never becomes brown. This state of ^e tongue is

almost always accompanied with thirst, but it is never urgent. There
is always a loss of appetite. The bowels are generally constipated, and
the secretions of the whole alimentary canal are vitiated.

Thus we perceive that the progress of the disease consists in increas-

ing mental and corporeal weakness ; increasing pain in the back, loins,

and limbs ; increasing iieat of skin, acceleration of pulse, and general
febrile uneasiness, together with the occurrence of pain in the head,
and progressive derangement in the functions of secretion ami
excretion.

The fever in this mild form is now at its height. It remains
stationary, or at least with very little change, for an indefinite period,
geoenlly for aome daysi The cerebral affection does not increase
beyond what haa been described : there are no greater indications of
diacoM in the respiiatoTy organs, and the mucous membrane of the
stomach and inteatlnea doea not denote any progreaaive advancement

la the great majority of patients in whom the symptoms continue
thai moderate, the disease disappears about the end of the second

week, that is, they are convalescent at that period; but it usually
requires eight or ten days longer before they have regained sufficient

strength to leave the sick chamber. Sometimes, although there is no
greater severity in the symptoms, the disease id more protracted, and
the recovery is not complete until the fourth or even the fifth

week. Beyond this period it is very rare for this form of the disease

to be protracted.

Almost all who are attacked with the malady in thia its mildest
form, recover : but now and then it happens that the symptoms go on
with this degree of moderation until about the end of the second
week. Then at the period when it is usual for convalescence to take
place there is no perceptible improvement ; the patients seem even
to gi'ow weaker; they lie more prostrate in the bed, and they are

soon incapable of moving ; still they coraplaiu of no pain or uneasiness,

and it is not easy to detect imy trace of disease in any organ; yet it

is bxit too evident that they grow worse, and ultimately they sink ex-

hausted. In these cases, on examination after death, it is commonly
found that disease has been preying on some vital organ, although its

presence could not be detected during life ; and this termination

of the milder type of fever rarely happens except in aged persons

whose constitutions have been enfeebled by previous diseases, or

worn out by the various causes which depress and exhaust the powers
of life.

With an occasional exception of this kind, the disease in this form
always terminates favourably ; and the first indication of returning

health is remarkably uniform ; it is almost always marked by longer

and more tranquil sleep. Instead of that restlessness which is so

characteristic of fever, and which forms the most distressing part

of it, the ptvtient is observed to lie more stiU, and on waking for the

first time from an undisturbed slumber, he often spontaneously says

that he feels better. Better he may feel, for his febrile uneasiness is

gone ; the loatl that oppressed him is shaken off; he is a new being.

The pain of the head and of the limbs is so much diminished, that often he
canuot help expres.sing his th.ankfulness at the change. The countenance

becomes more animated ; its natural expression returns ; the tongue
begins to clean, and after this state of the system has continued for

two or thiee days the appetite returns. While these favourable changes

are going on the pulse usually sinks about ten beats below its highest

point at the height of the fever ; it is not uncommon, however, for it to

remain quick during the entire period of convalescence ; and for some
considerable time it is easUy excited on any movement of the body, or

any emotion of mind. In some cases, on the contrary, when the

attack has been very mild, it sinks considerably below the natural

standard, and is intermittent, a sign which has been observed to be

attended with a sure and steaily convalescence. In the mean time the

appetite becomes keener th.an natural ; the ^rength gradually improves

;

and in a short time the patient is restored to his usual health and
vigour.

The transition of a mild case of fever into a severe one, or the pro-

gress of a case severe from the commencement, is accompanied with or

depends upon certain changes that take place in certain organs. These

changes occur with great regidarity ; the organs in which they take

place are always the same ; and the symptoms by which they are denoted

are uniform. The organs affected are the spinal cord, the brain, the

membranes of both, the mucous membrane of the lungs, and the

mucous membranes of the intestines. Other organs become affected

in the progress of the malady, but these are the organs which in a

greater or less degiee are invariably diseased, and which therefore

must be considered .as the true seats of the structural changes that

take place in the regular course of fever. Accordingly in all the

severer cases, the symptoms, which are only the external indications

and expressions of the successive changes that take place in the internal

organs, have their seat either in the head, in the thorax, or in the

abdomen. Mixed and blended as these symptoms appear in the dif-

ferent cases which the practitioner is actually called upon to treat,

they seem so complex and variable as to bid defiance to any arrange-

ment : when analysed, nothing is more remarkable than their simplicity

and their uniformity.

Previous to the changes of structure that take place in the internal

organs, it is probable that the different fluids underco changes no less

important. There is indeed a controversy whether the very first

change that takes place does not take place in the fluids, and more

especially in the blood. There cannot be a question that a morbid

change takes ])lace in the blood at a very early jieriod of fever ; that

that change is different at different stages of the disease ; that it is

essentially different according to the particular type of fever, and that

it is always great in proportion to the severity of the attack. Without

entering here into the controversy whether the very tirst event in the

series be a morbid change in the blood, it is manifest that this fluid

cannot but become diseased in the progress of fever, because all the

processes by which the depur.ation of the blood is effected are disturbed,

and consequently matters which it is the oifice of these (lepurating

organs to remove from the circulating mass accumulate in it. More-

over there is evidence that the constitution of the blood itself becomes

deranged, and that the natural proportions of its essential constituents

are subverted. Of course, in a state of the system in which the most

important secreting organs are diseased, and in which the fluid that

affords the common materials from which the secretions are elaborated
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i> alao dliiMiJ, the aecretion* ttieuMalTW muat naoeaMrily become
ritUtod.

Althoogfa tiiaie cvdernl symptom* are found more or kai in all the

fonna of oootinued ferer, there ue some which ore regarded aa dia-

Doatie of the ipeoiBl forma mentioned abore that are of the higheet

Uitmst Thua it ia found that the two Utter forms, typhoid and
typhus feTcrs, ara attended with eruptions of the akin aa eesentially

dtatinot as those of meaalea and acarlet ferer. The eruption in typhoid
ferer oonaisti of rose«oloured apota which consist of slightly 6fevat4Hi

Mpula or pimpW Their apioea are neither acuminated nor Bat but
mvohably rounded, and the bases gradually pasa into the level of the

surrounding cuticle. These spots disappear completely on pressure,

sod reaume their ustud appearanoe when the pressure is removed.
They leave no stain, or pit, or mark behind, and vary in aiae from a
line to a line and a half in diameter. Each papula lasts three or four

days, and freah crops appear every day or two after their first erup-

tion. These spots usually occur on the abdomen, thorax, and back,

and only oocaaionally on the extremities. They usvuilly appear be-

tween the seventh and fourteenth day of the disease. (Jennor.)

The rash of typhus fever is distinguished by ita mulberry colour.

On ita first appearance it consists of very sUghuy elevated B|x>t« of a

dusky pink coluur ; each ei>ot is flattened on the surface, irregular in

outline, and with no regular margin, but passing gradually into the

colour of the skin. It disappears completely on pressure. The spots

ore of various sizes, and ai they grow older do not entirely disappear

on pressure, but a stain of the cuticle remains to indicate where they

are. This eruption usually appears from the fifth to the eighth day
of the disease, and subsides between the fourteenth and twenty-firxt

days. These raahes must not be confounded with " miliary " vesicles,

or •' sudamina," which sometimee come on in these fevers.

As already indicated in the definitions of these fevers, the typhoid

form is attended with a disea-ied condition of the mucous membrane
of the bowels, and the small glands ( Peyers) are affected. The sym-
ptoms of this disease correspond to this condition. In the early stages

abdominal pains and diarrhoea set in, which continue to increase. The
belly enlargea as in mesenteric disease, and is resonant on percussion.

During the third week of the disease these symptoms become more
fonuidable, and the stools amount to from five to ten in the course of

the day. One of the most alarming symptoms is htemorrboge from
the bowels, which occurs towards the end of the attack. This is one

of the most formidable symptoms of the disease, although not always

attended with fatal results. These symptoms differ very much from
those which occur in typhus fever, where there is gcnersUly obstinate

cou8ti{>ation.

Fe%'cr then is a malady in which disease is simultaneously esta-

blished in the most im]>ortaut organs both of the organic and of the

animal life, in the vital fluid which nourishes and stimulates the whole
system, in the excretory processes by which the purity of the blood is

preaerved, and in the secreting processes by which all the diflercut

tissues and structures of the hody are formed. That it should be

always a dangerous disease is therefore not wonderful, but the real

extent in which it is the instrument of death is not generally known.
Taking together the whole class of febrile diseases, and including the

ravages committed by them at all seasons and in all parts of the globe,

it is estimated that of the deaths that take place in the human race

one half is always produced by these maladies.

With regard to the causes of continued fevers considerable dificrences

of opinion exist. Some writers are inclined to the opinion that there

are no specific causes of these forms of disease, but that wherever
animal and vegetable matters exist in a state of decompoiution, there

any one of these diseases may be engendered according to the pre<Us-

position of the individual attacked. These writers even deny that

there is a poison generated in the body capable of producing a disease

in anoUier body. Another body of observers believe that these fevers

may originate m external causes, but that they are all of them capable

of producinga poison—a materies morbi—which is capable of prmlucing
the disease in unaffected individuals. Whilst again, recent iuvcHtiga-

ikioa seem to point out that tyjthoid fever is more especially dependent
on decomposing animal and vegetable matters, writers supjwrting this

view have called the diaeaoe pjfUitigeHic or drain fever. It is very

certain that this form of fever u more liable to break out locally than
typhus. It ^>pean, however, to be communicable by the i>oison gene-
nted in the body, but not so much so aa typhus.

With regard to typhus fever, it is asserted that it is alone main-
tained and propagated by a special poison like small pox and scarlet

fever. Whatever may be the real causes of these forms of disease, all

opinions point to the Mine nieana for the prevention of these diseases.

Wbarerer fever has broken out, all sources of corruption should be
removed. Drains should be cleansed, and foul deposits of every kind
abouM be got rid of. In order to preserve others, the rooms of the
sick should be well vtntUaltd, the linen should be washed, and every
precaution taken to prevent the discharges from the patient from
earning in contact with others. Chlorine and other disinfectants may
ha advantageously employed. The ]iatient should be ttjiaraUd as

mueh aa possible from others, and the poison from his body should have
every chance of dilution by the free access of pure air.

The treatment of these dlsBSswi must depend very much on the
natiui: of the case. There is no cutting ahort the progreas of a fever

by medicines, and when the diasaa* is progreanng favourably little eba
need be done than to attend to the dictotio wants of tlie laitient

In typhoid fever the stato of the bowels forbid any but the most
gentle of purgatives, and that only in the beginning of the disease.

A saline treatment so often adopted for typhus is forbidden here. In

sinking and exhausted statea, ammonia, wine, and brandy are powerful

agent* for good. Quinine has been strongly recommended i« •H >'i>i ui^

of continued fever by some writ«rs, but Dr. Bennett, of

doubts its value in the fevers of Edinbui^. The various <.<

of the brain and respiratory system, in the course of tlu discow,

require remedies adapted to meet the pecial symptoms.
tSydenham's works; Mead, Short Duamrwe eimnrnln;/ Petlili utinl

Conliii/ltm, and the Method* to be uted to Premt il ; Sir .luhn Pun:.!' ,

Obftrratinnt on the llaturt and Curt of Hotpital and Jai/l ferer/, m a

Utter to Dr. Mead: and OhnrrvatiunM on the Dittatrt <ij the Armn ;

Clutterbuck on Penr ; Soulhwood Smith, Trealite on Perrr ; PhiU-
fphy of Health ; Copland, Oid. of Practical Medicine ; C/tdopadia of
Practical Medicine ; Wutron, Lecturet on the Practice of Phytic ;

Aitkeo, The Science and Practice of Medicine ; Jenner on the Identity

or Non-ideutitg of Ti/fJtitt or Tjfphoid Ferer ; Jenner on the DittattI

tommonlif confounded nnder the term Continued Petert.)

FKVEll, YELLOW, a disease of frequent occurrence on the

eastern and western coasts of America, in the West Indies, in Africa,

and in Europe on the southern shores of Spain. The prevalence of

this disease in these countries, its great fatality, and the mortality it

produces in navies and armies, have attracted much attention towards
it both from governments and medical men. This disease has been
descrilied under other names, such as typhus icterodcs, Bulam fever,

biUous remitting fever, vomito negro, vomito prieto, endemial cisus,

mal de grain, &c. Alttiough this disease has a very distinct history,

and can be easily distinguished by the mass of symptoms it presents,

yet it is difficult to give in a few words anything Uke a satishictory

definition. Dr. Gillkrest, one of the most recent writers on this sub-

ject, gives the following definition : a disease in which " yellowness of

the skin, partial or general, and towards the fatal temiinatiou,

vomiting of a black or dark brown fl\iid, are frc<|uent though by no
means constant occurrences." Such a defiuition would bo of little use
for distinguishing the disease, and perhaps after all it will be found
that yellow fever is only a modification, under jieculiar circumstances,

of some primary form of disease in which all feven originate. It is

certain that this disease has many symptoms in common with other
fevers, and that it assumes the types of the common, continued, re-

mittent, and intermittent fevers.

It has only been within a com)>arativcly recent jjcriod that this

disease has attracted much exclusive attention, and on this account
some writers regard this disease as one altogether of modem origin,

and fix the date of its generation during the latter part of the
eighteenth century. But although no accurate account of this disease

iis distinguished from other fevers exists, previous to its appearance in

the island of Granada, in 1793, yet there can be no doubt that the
records of the occurrence of destnictive fevers in those districts in

which the yellow fever now occurs, refer to tlie same disease.

The attack of yellow fever is mostly preceded by well-marked pre-

monitory sjonptoms. For two or three days previous to the attack

there is a depression of spirits and an unnatural inactivity without

an}' sufficient accountable cause. There is sometimes nausea, with a
creeping chilliness, and ]tains in the loins, back, arms, legs, and head.

The eyes are suffused, dull, and hea^'y, and the sight is dim and some-
times double. There is often slight confusion of mind and a kind of

drowsy restlessness. The appetite is bod, the taste is perverted, and
the bowels are either confined or relaxed. The skin is in some casea

permanently dry, or there may be sweating after slight flushes of heat.

The pulse varies considerably; it maybe small, quick, and irregular,

or soft and full. Such symptoms do not however always occur, and
sometimes the ]»tieut is seixml immediately w^ith a slurering, the
indication of the near ap)imach of the worst symptoms. Sometimes
during this premonitory stige there may exist a yellowness of t\i9

eyes and of the skin, and also a vomiting of bilio\is matter.

The commencement of the febrile attack mostly takes place at night

:

after the shivering, a state of general excitement takes place, which
sometimes increases to a very distressing and unmanageable extent.

Pains occur in the head, in the eyebaUs, in the back and loins, and
cramp* in the gastrocnemic muscles. Tlie patient prefers the
recumbent position and lies upon his back, but is in a state of great

restlessness, frequently throwing his arms almut, more especially

above his head. The face is usually flushed, sometimes of a crimson

hue, and occasionally swollen so as to appear bloated and heavy. The
eye haa a heavy dnmken appearance, is injected, swollen, and
moistened with tears ; the pupil is generally pemuinently dilated, and
the balls seem protruded as if thoy would start from tlicir sockets.

The skin is in most cases flushnl, dry, and warmer tli.Tn natural. Tlio

pulse is accelerated, soft, full, and comprsasible ; in some cases, how-
ever, it is unustiolly slow, and under these circumstances the skin is

unnaturally cool. The tongue is swollen and coated with a white

mucouB paste. Vomiting does not often occur in this stage. The
bowels are frequently more or less constipated, but easily acted on.

The intellectual functions are more or lees deranged. These symptoms
last for twelve or thirteen hours, when the second stage may be said to
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commence. The general excitement now gives way to depression. The
countenance becomes deeply expressive of anxiety. The couge.sted

state of the eye begins to yield, and in its place a slight yellow tinge is

observed. This goes on increasing till it extends down the alie of the
nose and around the mouth. As the disease advances, in most cases

the yellow tinge spreads itself over the whole skin, giving to the whole
body, according to the complexion or temperament, various colours,

from a pale lemon to deep orange or saffron colour. The pulse becomes
slightly lessened in frequency. The coating on the tongue becomes
yellow, and this organ towards its roof and at the edges and tips ha.s a
clean and dry red appearance. The stomach now becomes irritable and
painful on pressure. Food is immediately rejected. There is a dis-

tressing sensation of internal heat. The vomiting is sudden, and not
accompanied with any severe retching. The mattei-s vomited are gene-
rally ingesta and a clear fluid, and only sometimes is bile discharged.
The alvine secretions are mostly natural. The urine is diminished in

quantity, and very yellow. There is frequent sighing of a deep and
prolonged character. In malignant cases the breath exhaled has an
acid odour. The intellectual functions are much affected, and the
patient is in a state of low muttering delirium, or comatose. Some-
times petechiic and miliary vesicles occur in this stage. In this state

the patient may remain from two to seven days. The countenance
then becomes more collapsed, the eye loses its full and prominent
character, dark-coloured blotches and petechiie occur on the body, the
pulse becomes small and thready, the tongue loses it-s coating and
becomes bright red, thirst becimes urgent, and there is lastly the
vomiting of a dark and mucous-looking fluid, which h.-i« been called the
" black vomit," and has in fact given the name sometimes to this disease.

This symptom, however, does not always occur. As death approaches
the exhaustion becomes greater, the respiration is hurried and noisy,

the surface and extremities become cold, and covered with a general
clammy perspiration. In some the last moments are marked with
great pain and strong convulsions, whilst in others death seems to

come upon the patient unawares.
These general symptoms are by no means presented in every case,

eonie having been constantly observe<l by one medical writer, whilst
others have never witnessed them at all. Amongst the forms which
this disease assumes, three are mentione<l by some writers as pointing
out important differences in the character of the disease : these are called

inflammatorj", adyn.imic, and malignant. The injlammatory occurs in

full plethoric habits, and the whole of the symptoms indicate a greater
amount of excitement and activity, and the disease proceeds to a fatal

teniiination sooner. The adynamic variety occurs in those who have
deficient animal vigour. In this form of the disease the pulse is slow,

the akin cold and clammy, no resistance appears to be made to the pro-

gress of the disease, and the patient sink^ in the course of four or five

days. The maliiptant form U the worst of all : from the first the
patient seems attacked with death ; all the symptoms are low from the
l)cgiEning, and no reaction is cstabhshed. Persons seldom recover
from this state, and many die during the first twenty-four hours of

the attack.

The nature and origin of the bLock matter which is so often vomited
in cases of yellow fever has been the subject of much investigation.

The most correct view is probably thit of Dr. Fordyce, who considered
that it was identical with the incrustation of the tongtie, gums, and lips

found generally in violent fevers, and that probably this is an exudation
thrown out from the surface of the stomach, or even from the duode-
num and jejunum. When collected and given to animals it produced
no bad eS'ect uimn them, and an atmosphere im|)regnated vrith its

exhalations does not appear to be injurious. Under the microscope it

lias the appearance of minute scales of smoked mica, being of a dark
brown or red colour. It is probably nothing more than the globules of
blood broken down, which have oozed through the surface of the
muco\is membrane, instead of the ordinary secretion, and perhaps
imder the influence of the violent vomiting. It may frequently be
mixed tvith bile, but it does not appear in the majority of cases to have
the character of bile at all.

As it iii difficult to give a definition of yellow fever, so is it difficult

to give any rules by which it may be distinguished in individual cases
from other diseases. Its occurring, however, generally in several indi-

viduals at the same time, soon leads to the development of the group
of symptoms which we have described, and by which it may be
distinguished from dlied diseases.

The mortality from this disease is always very considerable. It is

u.'iu.ally much greater at the commencement of the epidemic than it is

at 8ubse<iuent periods. In some instances all the cases occurring for
the first few d.ays after the breaking out of the fever have proved fatal.

Sometimes however the tlisease is very mild, and but few fatal ciises

occur. The mortality is generally grc-itest amongst the young and
robust, and this will perhaps .iccount for its fatality amongst soldiers
ami seamen. This fever has been regarded as peculiar to places between
40° N.Lit. and 20° S., and requires a climate in which the mean summer
range is not less than 75", or, according to some authors, 80°. More
temperate climates are not, however, free from its attacks. It ap-
peared at Lisbon in 1857. One-twelfth of the whole population was
attacked with the disease, and of these one-third died. The total of the
deaths in the whole population was between five and six thousand.
From the histories of this attack in Europe, wc may Icani that none of
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our towns have an immunity from this disease, and that it is only by
carryiug out those sanitary measures which are now so extensively
adopted, that we can expect to be free from such a visitation of this
disease as at Lisbon.
The morbid appearances of the body after death do not throw any

light on the nature of this disease. In the head the dura mater is

foimd studded with dark-coloured spots ; under the ar.ichuoid is fre-

quently accum\ilated a yellowish serosity. The lesions in the chest
are not remarkable. The stomach is generally distended with air, its

mucous surface is occasionally .suflused with blood, and its vessels are
generally gorged with blood. The orifices of numerous canals may be
seen, from which by slight pressure oozes a fluid which appears to be
the " black vomit." The small intestines jxirticipate in some measure
in the lesions of the stomach. The liver is sometimes engorged with
blood, and sometimes it is hard and dry. The spleen is usually in-

creased ill volume and softened.

In the treatment of yellow fever much difference of practice has
prevailed, according to the opmions of those called upon to treat the
disease ; and unfortun,ately that kind of evidence does not at present
exist on which we could rely with regard to the value of any particular

course of treatment. Under these circumstances the judicious prac-

titioner will act on general principles, and treat whatever cases come
before him according to the symptoms they present. As is mostly
the case in the treatment of fevers which in their course exhibit both
active and low symptoms, two very different plans of treatment have
been recommended ; the one antiphlogistic, the other stimulant.

Without discussing the respective merits of these plans of treatment,
it may be stated that both may be rendered necessary in different

stages of the disease.

Amongst antiphlogistic remedies, blood-letting has been highly
commended, but it is not so frequently employed as formerly. The
next remedy in importance is mercury. Some of the best wTiters on
yellow fever, and those who have had the largest experience, consider
mercury as their sheet-.anchor in this disease. It should be adminis-
tered in doses of sufficient quantity to affect speedily the mouth.
Many practitioners who u.se this remedy do not employ blood-letting

as an ordinai-y remedy, but only in those cases in which the inflam-

matory symptoms preponderate. In addition to these means, purgatives,
emetics, .intimonials, and cold affusion have had their advocates. These
remedies are however all of them adapted more to particular states of

the system than to the disease of yellow fever, and should be adminis-
tered according as circumstances arise which may indicate their

necessity. In crises where the diseo-se assumes a remittent form,
quinitle may be administered with advantage. Dr. Stevens particularly

insists on the arlministration of saline medicines in yellow fever, to

which there is no objection, provided the stomach will retain them,
and they probably have a beneficial effect on the system according to

his theory.

Of all the questioas connected with yellow fever, perhaps that

which regards its cause has been discussed with the most zeal and
bitterness. We cannot here go into any details of this discussion, but
the great point in dispute is the contagiousness of this disease. Many
of the early ^vriter8 on yellow fever concluded that it was contagious,

and on this account persons who have been exposed to its influence

are obliged to submit to the most rigid quarantine regulations. But
whilst there is much evidence to prove that this disease is communi-
cable by a morbific matter generated ill the human system in a state

of disease, there can be no doubt that it has m most cases a local

origin. Many recent writers have supposed that the local cause of this

disease was to be found in the temperature and other atmospheric
phenomena in the district visited by the disease ; but this cause is too

general to account for the exceeding local character of the disease in

many instances. Cases are recorded in which the inhabitants of par-

ticular parts of a town, the one side of a street, or even one room of a

house, have been attacked, whilst all others have escaped. The true

theory of the production of these diseases is probably to be found iu

the fact that they originate in decomposing animal and vegetable

matter, and afterwards become susceptible of communication from one
individual to another by a poison generated in the body. The history

of the development of the disease at Lisbon is remarkably confirma-

tory of these two points.

( Library of Practical Medicine, article " Yellow Fever," by Dr.

Shapter ; CyclnjMdia of Practical Medicine, article " Yellow Fever,"

by Dr. Gillkrest ; Bancroft, A n Etsay en the Disease called Yellow Fever;

Dr. R. D. Lyons, Report on the Yellow Fever at Lisbon, in 1857.)

FIBRIN. Fibrin is an important constituent of animal and vegetable

organisms. In animals it occurs dissolved in the blood, to the extent

of 2 J parts in 1000, and is the principle of which muscle and the

fibrous tissue of flesh are built up ; indeed, these parts are usually

looked upon as consisting of fibrin itself, though altered in several

respects from the condition in which it exists dissolved in blood : the

name also is derived from the fibrous character of these tissues, par-

ticularly from the bundles of fibres composing the muscles.

Fibrin has .already been shortly noticed under the article Albijmex,

as forming, with a few other closely allied substances, that interesting

class of bodies known as the protein or albuminoid group ; they are

sanguigenous or blood-forming matters, and hence are usually termed

platlic viuUerialt of nutrition, to distinguish them from those consti-
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tuMti of iiiad that «en-e to nuiintain Uie fiuMliaa «l tmfkttitm 9cif,
•ad hcnoe called rapiralcrji ataoMot*. The \mm IVolal umH '"'r^'hf
iHgB quMtitiw of fibrin and other pLutio metaHda, obtebwd in the
flnt ineianoe from certain jiorta of pUuta, and etured up, a* it were, in

• oooeentratad form for the naeof man ; while the fat of meat, together
with Buch respiratory prinoiplee as su^u-, starch, ka., serve to keep up
the heat of the body by the gradual oxidation or slow burning they
undergu during the proosM of raspiratton.

Fibriu undei^goes spontaneous coagulation very soon after its removnl
from the living structure. Thus, blood freshly drawn from an animal
is tolenbly fluid, but after standing a short time becomes transformed
into a gairtinous mass or clot ; this is owing to the alteration of the
fibrin mim the liquid to the solid state. Afcain, the recently expresiied

juice of vegetables soon deposits a precipitate from a similar cause.

This pnqierty of spontaneous ooagulatiou is alone posseased by fibrin.

Hid aerves therefore to distinguish it from its congenns, albumen and
eaaein.

1. Animal ^M>n» in must readily obtained from blood ; it is, however,
oontainud iu some quantity in chyle aiid iu lymph. To obtain it, fresh
blood is briskly whipped with a bundle of twigs, when, after a short
time, the fibrin, in the form of short elastic strings, is foimd adhering
to the twigs. It is still contaminated with some of the red colouring
matter of the blood, but by maceration in, and patient washing with
water, it is finally obtained quite colourless. When dried, this fibrin

has a homy appearance, is hard, opaque, of a grayish or yeUowinh
odour, and without taste or odour. It is insoluble in cold water,
aloohcl, or ether, but by long contact with boiling water is to a certain
extent deoompoaed. Heated with water in a sealed tube to 300* Fahr.
it entirely diuolves, forming a solution precipitablc by acids, and much
resembling the solution of albumen obtained under similar circum-
stances. A somewhat analogous solution occurs if the fibrin, in con-
tact with a little water, is exposed to the air for some time ; but in
this latter case a considerable amount of decomposition occurs, and
sulphide of ammonium, butyric acid, leucin, and other principles are
generated. Animal fibrin is soluble in moderately dilute solutions of
the fixed caustic alkalies, yielding a liquid possessing the properties of
albuminate of the base ; acetic or tribasic phosphoric acids precipitate
the fibrin, but in excess redissulve it. The fibrin may also be made to
combine with other metallic oxides ; the resulting compoimds are,
however, almost identical with the albuminates. Digested in strong
sulphuric add, fibrin swells up, and by aid of a gentle heat entirely
dissolves. Hot nitric acid also dissolves it, the solution containing
xanlkopnteie add, an acid that is also produced imder similar circum-
staoces from albumen and casein. Hot concentrated hydrochloric acid
deoomixises fibrin into leucin, tyrosin, and other matters.

^lidermote is the name given by M. Bouchardat to that part of
the fibrin obtained from blood, that is not soluble in dilute hydro-
chloric acid; that chemist considering it to be identical with a sub-
stance which forms the base of the epidermiii : while to the portion
of the fibrin that is dissolved by the diluto acid he gives the name
o^usuaoK. According to Liebig, however, blood-fibrin swells up in
dilute hydrochloric acid, but does not form a true solution at all

;

while muscle-fibrin dissolves more or less completely in that men-
struum.

Fibrin has been examined and analysed by several chemists with
tolerably imifomi results, but though its composition has been thus
ascertained, its true constitution is not at present satisfactorily esta-
blished. Mulder, who has paid considerable attention to this and the
anaiogous aEoto-sulphurised principles, gives the following as the per-
centage c<Hnpoaition of fibrin :—

Carbon 62-7
Hjrdrugen g-fl

Nitrogen 15-4
Onrgen 23-6
Sulphur ....... 1-2

Phosphorus 0-8

1000

The combustion of fibrin is always attended with a residue or ash,
containing phosphate of lime and a little phosphate of magnesia.

2. VegOaile fi>rm ia frequently mot with m pharmaceutical opera-
tions on the newly-ezpreawd juice of frush vegetables, neariy all such
liquors depositing coagulated fibrin on standing for a short time. Like
animal fibrin it docs not admit of being exatuiiial in the liquid state,
but in the 8»)lid form is obtained in what is generally considered to be
a more or leas pure state, from the so-called gluten of wheat flour.
Boiling alcohol dissolves a considerable portion (true gluten) of this
dnten, and what remains undissolved after r^eated ebullition with the
alcohol and with ether, is vegetable fibrin. Ita ultimate chemical
oompoaition is very much the same aa that of animal fibrin. In
contact with moisture it is slowly decompuaed. A farther description
at ita characters and properties is unnecessary, inasmuch as, so far as
thoae charooteis are known, it would bo but a reiteration of what has
ali-ea^ been detailed above under .^ hihui/ FiOrin.
FIBROIN. This name has been applied by Mulder to the nitro-

genous subetanoe composing the fibre of silk. It is purified by treating

i»#lfficMee*aBiTaly by boOing water, aloohol, ether, and aeetio acid.

ItdMaooBtaiiw:—

Carbon 4858
Rvdrogeu • fl-50

Nitrogen 17-85

FIBULA, a term used among the Uoiuaus for the brooch or buckle
with which their vests were usually Csstened. It is derived from
,liyv, " to fix," and the most ancient form of the word is supfKwed to
liave been figAula. These fiistenings were made in very great vai-iety,

both as to material and form, and were sometimes decorated with
engraved stones or gama, for like the modem brooches, fibuho were
employed for ornament aa well as use. Fibula; of gold were often used
as presents. The moat common were made of brass or iron. The
most usual was that of a circular ring or disc of metal, with a pin
moving on a hinge, and passing across the centre of the circle.

Fibuln were used by the Roman women for fastening the inner and
outer garment (indiUia and amictut), and the scarf or cloak ; some-
times indeed they not only wore them for these puriH>se8 on their

breast and one or both shoulders, but in the later and mora luxurious
ages as omamenta down their sleeves, and for fastening their tunics

above the knee. Count Caylus, in his ' Recueil,' pi. 110, fig. 4, haa
engraved a fibula which served the double purpose of a fastening to
the garment and a key. The richly ornamented buoklea used by the
Romans for fastening the belt and girdle were also calledjCMiK. Fibtda
was a term likewise applied by the oucieqls to the iron brace or band used
for joining or fastening beams, mentioned by Ctesar ^ De Ijellu Qall.,'

L iv., C.17) and described by Vitruvius (1. L, c. 6). The JibiJa rhirur-

gica was an instrument used by surgeons for drawing the lijw of a
wound together, noticed by Pitiscus, in his ' Lexicon,' p. 778, who also

mentions the Jibvia yymtuuliea, sive theatnUii, " quie cantoril>us et

comoedis inserviebat," particularly described by Celsus, and several

times alluded to by Juvenal and HartiaL This was a ring of light
workmanship.
FICHTELITE, a fusible volatile crystalline subetauoe, found in

the submerged pine-trees of the Fichtel-gebirge. Its composition is

FICTION. [Novel; Romahce.]
FICTIONS (in Law) have been somewhat quaintly defineil to be

" those things that have no real essence in their own body, but are so
acknowledged and accepted in law for some especial purpose." These
especial purposes are various. The law, it is said (by which we muDt
understand those who for the time are the interpreters of it), shall

never make any fiction but for necessity, and in avoidance of a niiechief.

(Coke's ' Rep.,' iii. 30.) This is as much as to say that those who iuter-

|>ret the law will, in order to avoid a special hanlsbip, or remove some
unexpected difliculty not provided for by the law, resort to a fiction

;

that is, thiy will imagine eometbiug to be wliich is not It is said
that such fictions have always a good eud in view ; that is, an end con-
sidered good by those who make or maintain the fictions. It was
wisely said, that fictions of law must not be of a thing impossible ; but
the reason is rather curious, " for the law imitates nature." If we object
to the soimdness of the reason in the instance last mentioned, we can-
not but approve of the following rule as to fictions : that a man could
never be subject to the penalty of a statute by a fiction of law. The
Uw, it was said, would also make fictions in order to avoid absurdity ;

but this could hardly have been said in earnest.

Blackstone shows by what fiction the Court of Queen's Bench origi-

nally held pleas of all personal actions :
" It being surmised that the

defendant is arrested for a supposed trespass winch he never has in

reality committed ; and being thus in the custody of the marshal of
the court, the plaiutitf is at liberty to proceed against him for any
other i)orsonal injuiy : which surmise, of being in the marshal's cus-
tody, the defendant is not at liberty to dispute." Such liberty, of
disputing the fiction would clearly spoil the whole business, and wa«
therefore as necessarily disallowed as the fiction was allowed. (See
also the fictions formerly resortcxl to in Ejkctmest, and in the Court
of Exchequer.) Of the same kind is the fiction mentioned by Black-
atone, by which a contract made at sea is feigned to be made at the
Royal Exchange, or other inland place, in order to draw the cognisance
of the suit from the courts of Admiralty to those of Westminster HiUL
" Such fictions," aa Blackstone remarks, " are adopted and encouraged
in the Roman law : a son killed in battle is supposed to live for cvui'

for the benefit of his parenta ; and by the fiction of potiiiminium and
the Ux Comdia, captives, when freed from bondage, were held to have
never been prisoners ; and such as died in captivity were supposed to
have died in their own country."

Fictions in law, though often ridiculous enough, have generally had
their origin in some defect in the existing laws or course of procedure,
and have pointed out in what respects the judges or inturjireters of
law, and, aa we may suppose, general opinion also, under the influence

of which judges must to some extent be, have felt tliat change was
necessary. Many fictions, so far from being injurious, have Ix'cn bene-
ficial ; but it must be remarked that they ore the indicatious of a rude
state of social organisation, and must gradually disappear with the
improvement of the institutions of society ; for their existence supposes
a defect which it is the business of legislation to remedy.
FIDDLE. [ViouM.]
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FIDEI COMMISS. According to German civil law, the fidei

commiss is intimately connected with the law of inheritance among
the nobility, being the regulation according to which the whole or part
of a family property is enjoyed by a certiin member of the family, on
the condition of leaving it imimpaired to the person pointed out by
the particular family arrangement ; either to the first-born male, when
it is ciUed majorat; or to the last-bom male, when it is called minorat;
or to the oldest member of the family without regard to direct descent,
when it ia called seniorat. Like the English law of entail, the object
of this institution is to render the family property inalienable ; it may
however be mortgaged, but this is merely a temporary sequestration of
the revenues which are applied to cancelling the debt. In modem
timen, this institution, like many others, has been abolished in some
jTarts of Germany, partly by the introduction of the French law, as in
the Rhenish provinces, and partly by the amalgamation of the former
German civil law with the Code Napoleon, as in Bavaria. In the north
of Germany, however, where the ancient Saxon law was prevalent, as
in Hanover, Saxony, and other countries, it has been maintained, and
is still in force.

FIDEICOMMISSUM, or a transaction dependent iipon honoitr and
probity (pudor) rather than legal sanction (vinculum juris), I. 2. 2.3, 1,

in the Roman law, is something given by will or codicil, not directly to

f the person beneficially interested in it, but to some other person, with
a request that he will transfer it to the party for whom it was intended.
The person thus intrusted was called Heres Fiduciarius ; and the per-
son for whom it was intended Heres Fideicommissarius. It was neces-
sary that an heir [herrs in the Roman sense) should be named, or no
property could be transmitted to the fideicommissarius ; for, without
the " institutio heredis," the will itself was invalid, but a fiileicom-

missum might be left by an intestate in the manner prescribed in the
institutes 2. 23, 10. (Gaius, ii., 248, &c.) Originally it eotirely
depended on the good faith of the trustee {fiduciarius) whether he
performed the will of the testator or not.

The origin of these fideicommissa probably was in a desire to evade
the strictness of the old dvil law ; as we see in the case of Q. P. Rufus
(Val. Max., iv. 2, 7), who, being an exile, was incapacitated from taking
a gift under the will of a Roman citizen, but yet could claim it from
his mother, to whom it had been given in trust for him. (See also Cic.

de Fin., IL 18, § 58 ; and Quintil. Declam., 825.) Gaius, however
(Comm., ii. 285), attributes the origin of these testamentary injunc-
tions to the capacity of the peregrini to receive bequests in this way

;

but he gives no account of the time when, or the mode in which, such
capacity was obtained. In the time of Augustas the rights of the
fideicommissarius became legally established by the emperor giving
the consuls jurisdiction in such matters. Afterwards pretors were
expressly appointed, imder the name of Protores Pideicommissarii, to
take cognizance of such tnists, but the consuls still retained their

jurisdiction also. (I. 2. 23, 1.) In the provinces the governors
{prarida) took cognizance of fideicommissa. (Ulpian, ' FVag.,' 25,
12.) Fideicommissa, or trusts of specific things, became gradually
assimilate<l as to their qualities and incidents to legacies. The follow-

ing remarks apply to fideicommissa where the whole inheritance
(hrrrditas in the Roman sense), or a determinate part, was given to a
trustee in trust.

By the old Roman law, the heres who was the successor in universum
jus defuncti, on taking possession of the testator's property, became
liable to all bis debts and obligations, and consequently those who only
took the property as tnistces (heredes fiduciarii) often refused to encum-
ber themselves with a burden from which they could derive no advan-
tage, and might sustain great loss. To remedy this inconvenience, it

w.-u enacted by the Senatusconsultum Trebellianum, passed in the
timi' of Nero, that when the trustee had given tip the property to the
tidi-icommisaarius {restiii que trust of the English law), all right of
actions by or against the trustee, in respect of the property, should be
transferred to the cestui que tmst. (I. 2. 23, 4 & 6.)

If the trustee refused to accept the inheritance, the protor, on the
petition of the cestui que trust, could compel him imder the Senatus-
consultum Pegasianum, passed in the time of Vespasian, to accept and
to transfer the property to his cestui que trust, who took it with all its

L
burdens. No particular form was requisite in order to etfect this
transfer. (I. 2. 3, 5, and 6.)

By the Senatusconstiltum Trebellianum, if the heres was required to
transfer not more than three-fourths of the inheritance to the cestui
que trust, the two parties were liabl* to all suits and bunlens in
respect of the property accortling to their several shares. If he was
^<iired to transfer more than three-fourths or the whole, the S. Pega-
llianum allowed him to retain one-foiirth, as the Falcidian law did
in the case of legacies. If the heres let himself be compelled to

aoc^Dt the trust under the 8. Pegasianum, he lost his one-fourth.
(U. 86, 1.)

The cestui que trust was himself sometimes only a trustee for others,
and in this case never had the benefit of the one-fourth : the same was
the case if a legatee had to transfer a legacy to another.

In his remarks upon the origin of Uses and Trusts in England, Mr.
Spence has pveo a short but clear and able sketch of the introduction
of fideicommissa at Rome ; and in a note to that part of his text which
treats of the technical terms necessary to constitute a fideicommissum,
he states " that these forms of expression are constantly referred to as

guides to the Court of Chancery on questions of the like nature." Vide
int. al. " Knight r. Knight," 3 Be.ivan, 161 & 172.

(Spence'a EquitaUe Jurisdiction of the Court of Ohanceri/, vol. i.,

p. 438.)

FIEF. [Feudal Ststem.]
FIELD (in Magnetism), is the space between the two poles of a

magnet, where the two forces mutually re-act. [MAGNETissr.]
FIELD (in Optics), is the actual magnitude of the space that can

be presented at once to the eye of the observer ; it must vary with
the magnifying power, and is large in proportion as this is smalL
With the lowest cla.^ of powers it is a circular space not exceeding the
eighth or the tenth of an inch in diameter. With the power of
500, the field is only l-70th of an inch in diameter. [Microscope.]
FIELD-GLASS. Between the object-glass and the eye-glass cif a

microscope there is usually interposed a convex lens, which receiving
the diverging rays from the former before they form an image, has the
effect of contracting the dimensions of the image and increasing its

brightness, so that it is not too large or indistinct to be seen at once
by means of the eye-glass. This interposed lens is caUed the field-lens,

and that portion of the image which can be seen at once with the eye-
glass is called the field of view of the microscope. [Eye-glass ; Field

;

Microscope.]
FIELD-MARSHAL, a military dignity conferred on generals and

commanders of armies for distinguished services, and also as a com-
pliment to persons of high personal rank, as princes of the blood
royal.

It has been supposed that the tenn marshal is derived from Martis
SenesehalJm, but it is more probable that it came from the Saxon words
mar, or maraeh, a horse, and scale!,, a servant; and it appears to have
designated the person who had the care of a certain number of horses
in the royal stables. In the Teutonic laws such a person is called
maris catena, and the fine for his murder is particularly specified.

The earl-marshal of England had originally the chief command of

the army ; and hi.story records the names of two noblemen, De Mont-
morency and Fitzoabome, on whom the title was conferred by William
the Conqueror.
The office was by Henry VIII. made hereditary in the family of the

duke of Norfolk ; but it is probable that it had before tliat time ceased
to be connected vrith the military service ; for from the ' Anecdotes of
the Howard Family,' we learn that while another person held the post
of earl-marshal. Sir Robert Willoughby Lord Brooke was appointed by
Henry VII. to be marshal of the army.
The title of Mar^chal de Fi-ance appears to have become a military

dignity in that country in the time of Philip Augustus ; and, according
to Pfere Daniel, the first person who held it was Henry Clement, the
commander of the French army at the conquest of Anjou, in 1204.
Originally there was but one Mardchal de France, but, in 1270, when
the king. Saint Louis, went on his expedition to Africa, a second was
appointed. Francis I. added a third ; and the number has since been
greatly increased.

The mar^chaux de camp, in the old French service, were charged
with the duty of arranging the encampment and providing subsistence
for the troops ; and in action they had the command of the wings, or
of the reserve of an army, under the general-in-chief. From the title

borne by this class of general officers is derivefl that of feld-marschall

in the German armies ; and from the hitter title has arisen that which
corresponds to it in the British service.

The number of field-marshals in the British army is at present four.

FIELD OF VIEW. [Telescope.]
FI'ERI FA'CIAS, a judicial writ of execution issued on a judgment

obtained in a personal action in I the queen's courts. It is directed

against the goods and chattels of the defendant, and is civlled a writ of

fieri facias, from the words in it whereby the sheriff is commanded
" quotl fieri facias de bonis," &c., tliat he cause to be made of the
goods and chattels of the defendant the debt or sum required.

[Execution.] It lies against privileged persons, as peers, &c., as well

as other persons, and also against executors and administrators, so far

as regards the goods of the deceased.

This writ, like all other writs of execution, being founded upon the
judgment, must strictly conform to, and be warranted by, the terms
of the judgment, or it will be void. By virtue of this writ, the

sheriff may sell the goods and chattels of the defendant till he has

raised enough to satisfy the judgment and costs, as well of the suit

as of the execution ; and also to satisfy any rent due to the landlord

of the premises where the goods may be at the time of the taking, not

exceeding one year's rent in the whole. If the judgment is not

satisfied by the sale of the goods of the defendant, the plaintiff may
have a capias ad satisfaciendum for the residue. [Capias.]

The sheriff Is not justified in breaking open any outer doors to

execute tliis writ, but having peaceably obtained entrance, he may
break open any inner door belonging to the defendant in order to

obtain possession of the goods. The clothes which the defendant

actually has on or in wearing cannot be taken, and royal palaces are

privileged against the sheriff's intrusion for the piu-pose of levying

upon the goods of a resident therein.

Formerly it was necessary that writs of execution should bear teste

or date, and be returnable in term time ; but now, by stat. 3 & 4

William IV., c. 67, they may be testctl, that is, dated on the day when
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iamMd, wlietber in t«mi tima or Tooktioo, tad may be tunde ratunuble
immadUtely after the execution tbereoL

If • fieri Uaat i* iaued ag-.tinet a olcrgyiiun, and the (heriCT retiimi
that be baa no gooda upon which the juilgmciit can be levied, but that
the defendant is a beneficed clerk not lutving any Ut fee, the plaintilT

may aue out a " fieri iMiaa de bonia eccleeiaatiai*," «liich is directed to
the bishop of the diooeae, or to the archbiahop during the vacancy of
the bishop'a aee, oomnunding him to uinke of the eooleaiaatioal gooda
and chatt«la of the defendant within hia diooaee the aum therein
mentioned. It i« tetted and made rttumable exactly in Uie aame
nianiMr aa a common fieri faoiaa, and ia executed by meana of a
aequertratiou iaatied l>v the regiatrarof the diooeee. [SEqcisTRATtoii.]
(' BL Com/ V. iii. Dr. Korr's Edition ; Archbold, Q. B. Praot. vol. it)

PIKE, a very aumll dut« with never more than one key, and aeldom
that, giving acute piercing sounda, and used, together with the side
drum, for military- imrpoaee, in marching, &c. It ii an octave higher
than the fiute, and in compass comprises two octaves. Fifes are of
ihl«e sixes, named by the letters a, b, and c. The first is the lowest

;

the last, which is that in common use, is the highest.
FII-TEENTH, iu Music, U tie interval of the double octave.
The fiftanth ilup in organs is a range of metallic pipes, tuned two

octaves higher than the diapasons.

FIFTH, an inten-al in music, and the most perfect of concords, the
octave excepted. Its ratio is 3 : 2. [Concord; Harmony.]

There are three kiniU of Fifths; the Perfect Fifth, the Plat or
DimiaMtd Piflh (called also the Imperfcet Piflk), and the Extreme
Sharp or Snper/lumu Fifth. The first (c, o) is com|>o8ed of three
whole tones and a semitone ; the second (B, f) of two whole tones and
two semitones ; the thini (c, o j) of four whole tones. Ex. :

—

Flo. ri

1st. }ud. Srd.

FIFTH MOX.UICHY MEN, a sect of religionists, whose distiu-

guishiog tenet was a belief in the coming of a fifth universal monarchy,
of which Jesus Christ was to be the head, wliilc the sainti, under lus

peiBonal sovereignty, should possess the earth. Thoy ai>|>cared in

EngUnd towards the dooe of the Protectorate; and iu lti60, a few
months after the Restoration, they broke out into a serious tumult in
London under their leader Venner, iu which many of them lost their

lives, some being killed by the military, and others afterwards executed.
Several Fifth Monarchy Men also siUOfered death iu 1662, on a charge
(most probably unfounJcd) of luiWng conspired to kill the king and
the Duke of York, to seize the Tower, Ac. They are the same who
were sometimes called Milleunarians, their uotion being that the reign
of Christ upon earth was to last for a thousand years. They seem,
also, from the extravagance and violence of conduct into which they
occasionally broke out, to have been confounded in the popular imagi-
nation with the old Anabaptists of Miinster. [Anabaptists.]

FIO, the Pictti cariea of botanists, ia a small tree, with rough, lobed,
deciduous leaves, naturally inhabiting the temperate parts of Asia,
and now commonly cultivated iu Europe for the sake of its fruit.

In the fertile islands of the Mediterranean, in Spain, Italy, and
Qreece, and even so far north as the south of France, the fruit is so
well ripened as to form a valuable article of exportation in a dried
state. A thousand tons are annually imported into Great Britain
alone. The fruit is grown with some success even in the southern and
milder parta of England, but it is seldom found in the northern parts
or in Scotland, except under glass. It is only as an object of culti-

vation in this country that we nave to consider it iu this place.

The nomenclature of figs is in a greater state of confusion than that
of most other fruita, and the descriptions of them generally so
imperfect that the same kind is grown in different i>arta of the country
under many difierent names ; an account of their sj-nonyms, as far as
they have been determined, will be found in the Horticultural Society's
Fruit Catalogue, ed. 2.

The following is a list of the best aorta :

—

Black Provence.
L>aige Blue.

Brtmswick.
Blue Burgimdy.
Early White.
Large white Oenoo.
Hamburg Brown.
Black Ischia.

Brown Ischia.

The beat aorU for forcing are :

—

The Ashridge Forcing.

Figue Blanche.

Early Forcing.

Maneillcs.

Green Ischia.

White Ischia.

Yellow Ischia.

Lee's Perpetual.

White Malta.

I>arga Bbu:k Xaples.
Wliite Naples.

Small Green.
Brown Turkey.

Nerii. (This excellent sort

will not bear a high tem-
perature.)

Pregusiata.

BUck Ischia.

Brown Turkey.
Brunawiok.
White Malta.

La»« white Genoa.
Mttwillea.
Small early Wliite.

The foliuwing sorts have been recommanded for a siiocession fr<^m
August to October in the south of England :—

Brown Ischia

Large white Genoa
Qraen laohia

Murrey, or Brown Naples
Ford's SMdling . .

Black Provence
Yellow Ischia .

Gentile .

ri|)en4 in the middle of August
,1 end of August.

„ beginning of Sept.

„ middle of Sept.

„ end of Sept.

beginning uf Oct.

middle of (Jet.

„ end of Oct

The following kinds are recommended aa a selection for « small
garden, in the aoiithem and midland counties of England :

—

The most approved methods of propagating fig-trees are either by
layers or cuttings, and the former meUiod u generally preferre<l,
because the planta at the end of the season are tronger and more lit

to bo planted out where they are intended to grow. "Trees raised
from layers generally come into bearing the aeoond year. Grafting
sucoeeda upon these trees as well aa upon any other, but it is almost
unnecessary and seldom practised. Before the trees are planted the
ground should be well drained, and made from two feet and a half to
three feet deep, with a mixture of good friable loam and decayed
dimg. Miller rem,irk8, that " fig-trees bear the greatest quantity of
well-flavoured fruit when growing upon cluilky land where there has
been a foot or more of a gentle loamy soil on the tup."

It was generally believed until a few years back that pruuuig was
injurious to the fig, but experience shows this opinion to be unfounded,
and that it is im tractable in this respect as any other tree.
The object to Iw always kept iu view is to have constantly a supply

of fruit-bearing shoots, and for this purpose the old woo<l should be
gradually cut away, and the young intr«luce<l to fill the sjiaco thus
created. Since the climate of this country will not admit of two crops
in one year being brought to maturity, as in other countries more
favourable to ita growth, the fr\iit formed after midsummer should be
removed, in order to strengthen the tree and render it more productive
the following season.

Several modes of training are practised and recommended : some
gardeners recommend the fan system, others the horizontal ; but this
mu-st depend entirely upon the growth of the ti-ee ; if it be luxuriant,
the latter may be i>ractised ; if not, the former will answer better

;

as the more perpendicular a tree is trained the stronger it grows, and
a contrary, effect is produced by horizontal training. Mr. Knight
recommends the branches to be trained in a downward direction <is

well as horizontally, and says, " The young wood ceases to elongate
very early in the season, and thence acquires perfect maturity, and by
being trained close to the wall it is not so liable to be injured bv
frost"

'

In many parts of the continent whore the winter is very cold, but
where the summer heat is sufficient to riiwn the fig, as a standanl,
the trees are planted iu rows and bent down near the ground in
winter, and then covered with leaves, which protect tlicm from very
severe frosts. Wall trees are uimailod and beat down on each side to
within a few feet of the ground, and then protected in the same way
as standards.

In this country the common practice is to stick yews, sprucc-Cr
branches, or fern leaves amongst the branches of the fig upon the w.ill.

Where anything can be used for protection which can conveniently bn
removed m fine mild weather, it will be found of greater utility than
having the branches covered up from the commencement of winter
until the end of spring.

When the trees are planted in the border of a hot-house for the
purpose of being forceil, they are commonly trained to trellises ; and
the treatment is precisely the same aa that recommended for o|>en
walls. After the fruiting season the border must be kept |K-rfuctly

dry, in order that the trees may enjoy a season of rest ; but a plentiful
supply of water is given when they are in a state of growth.

Those who have not a house wnich can be appropriated entirely to
the forcing of fig« may nevertheless obtain good crops by pointing the
trees in pota and forcing them in a cherry-house, )>eachliouse, or
vinery. Tne time for beginning to force is from December to Februarj-,
acconling as the fruit is wanted ; and the tempcratm-e should be
gradually increased from 50° to 65" or 70° KiJir. Some also approve
of a bottom heat, and recommend the pots to bo plunged in a bed of
lewrea or tan.

The fig-tree ia very apt to throw off its fruit before it riiwns, and
various method) have been suggested to prevent this. In the Levant,
to insure a crop, a process termed caprification is resorted to, which
consists in placing among the cultivated figs branches of the wild fig,

In which a kind of Cj'nips abounds. This insect, issuing from tho
wild fruit, enters the others, brushing about the i>ollen in tho inside,

and so fertilising the fruit Or those figs th.it drop prematurely and
are chiefly filled with male flowers are preserved and introduced
among the green growing figs with a new to their pollen being carried
by insecta to the flowers where thoy are wanted. To these processes
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the name of caprification has been given ; but although sanctioned by
a practice, the date of which is lost in antiquity, it has been con-

clusively proved by Professor Gasparrini that caprification produces

no useful effect whatever upon the fig crop, and should be discontinued.

(See ' Journal of the Horticultural Society,' vol. iii., in which tho

subject is very fully discu.ssed.)

FIGURATE NUMBERS. [Nimbebs, AppELtATiONS of.]

FIGURE (Geometry), a finite space, which has a boundary in every

direction. The figure of a space is the notion we receive from observing

its boundary.
FIGURE OF THE EARTH. [Geodesy.]
FIGURED BASE, in Music, is a line, or staff, WTitten in the base

clef, over the notes of which are placed figures representing certain

chords. This is commonly called the thorouffh-base. [Tiiokocgh-
B.\SE.]

The jlijured bate is fallen into disuse, though we are of opinion that

it might still be beneficially emploj-ed in scores. But in a piano-forte

or organ part, when the harmony or accompaniment is given fully in

the treble staff, figures are not only superfluous, but perplexing and
incorrect.

FILBERT, the fruit of a variety of the hazel-nut, or Corylut
Avellana. [Cobvlus.] The term was originally applied to those
kinds of nuts which have very long husks, but owing to the number
of varieties that have of late years been obtained, this distinction,

which was never scientific, appears to be nearly disregarded, and nut
and filbert are almost synonymous terms, excepting that the wild
uncultivated fruit, and tho.«c varieties which most nearly approach it,

are never called filberts.

The best sorts are the following :

—

Frizzled filbert, excellent bearer.

Red filbert, ( . . >

White filbert.
(^*^'^'''="-

Cob-nut (Pearson's Prolific, ' Hort. Soe. Cat.'), a very prolific

kind.

Bond-nut.
Cosford.

Large square Downton.
NorthamptouHhire, prolific.

According to the most skilful cultivators, the soil on which the
filbert succeeds best should consist of "a hivzel loam of some depth,
upon a dry subsoil ;" but as this is not always found convenient, it

should be remarked that it is not essential to the growth of the filbert,

and some even recommend a dry poorish soil The ground should be
frequently dressed (at least once in two years), and a small quantity of

manure given ; wooUen-rags are often used for thia purpose with the
greatest succeas, but manure of any kind will be found beneficial.

Filberts are most successfully propagated by layers or suckers. The
layering should be performed in the earlier part of the season, in

order that the plants may be well rooted, and ready to plant either in

a nursery, or where they are intended to remain, in the autumn.
When they are raised from suckers, these are generally token from the
parent plant in the end of the season, and subjected to the same treat-

ment as layers. If it be desirable that the treea should be dwarf,
layering and grafting are recommended ; but if strong plants arc
wanted, they are raised from suckers : it is also said they fruit sooner
by the last method.
The method of priming depends in a great measure upon the object

the cultivator h.%8 in view : if dwarf trees are wanted, the layer or

sucker is shortened to about one foot and a half or two feet ; if what
are terme<l riders be desirable, then the stem is cut much higher ; but
if the shoot is weak it ii better to cut it near the ground, and leave it

the proper height at the next year's pruning. Afterwards, whefl any
sucker makes its appearance at tho bottom of the stem, it should be
carefully removed, and not allowed to draw the nourishment from the
parent plant.

In the formation of tho head, the chief thing to be observed is to
form it regtilarly, cutting away all strong superfluous shoots, keeping
it thin an^l open in the centre, and thuH allowing the free passage of
light and air. " There will be produced from the two and three years'
branches, annually, short twigs of six or nine inches in length, which
generally bear a great many nuts the following year ; these should be
thinned out, but not shortened, leaving them in tolerable quantity
wherever they are produced, cuttmg them clean out the foUowiug
winter, and leaving others in the same manner as those had been left

the previous season." (' Lindley'g Guide," &c)
About Maidstone, and other parts of Kent, the management of the

filbert is better understood than in any other part of this country

;

and jks the soil and other circumstances seem to suit its growth,
immense quantities are grown for the London market. " 'That part of
Kent where the filbert is chiefly cultivated is a loam upon a dry sandy
rock. The Rev. W. Williamson advises every one to plant them where
they are to remain, whether they are intended for a garden or a larger
plantation ; and after being suffered to grow without restraint for
three or four yean, to cut them down within a few inches of the
ground. From the remaining part, if tho treea are well rooted in the
soil, five or six strong shoots will be produced. In the second year
after cutting down, these shoots are shortened; generally one-third is

taken off, and that they may appear regular, a small hoop is jjaced
within the branches, to which the shoots arc fastened at equal
distances ; by this practice, two considerable advantages are gained,
tho trees grow more regular, and the middle of each is kept hollow so

as to admit the influence of the sun and air ; but this in a large
plantation would be almost impossible, nor indeed is it necessary,
though in private gardens, where regulai'ity and neatness are almost
essential, it ought to be practised. In the third year a shoot will

spring from each bud ; these are suffered to grow till the following
autumn, or fourth year, when they are cut off nearly close to the
original stem, and the leatUng shoot of the last year shortened two-
thirds. In the fifth year several small shoots will arise from the base
of the side-branches which were cut off the preceding year ; the.se are
produced from small buds, and would not have been emitted, had not
the branches on which they are situated been shortened, the whole
nourishment being cai'ried to the upper part of the branch.

" It is from these shoots that fruit is to be expected. These pro-

ductive shoots \vill in a few years become very numerous, and many
of them must be taken off, particularly the strongest, in order to
encourage the production of the smaller ones ; for those of the former
year become so exhausted, that they generally decay ; but whether
decayed or not, they are always cut out by the pruner, aud a fresh
supply must therefore be provided to produce the fruit in the
succeeding year. The leadiug shoot is every year shortened two-thirds,

or more, should the tree be weak ; and the whole height of the
branches is not allowed to excee<l six feet. Every shoot that is left to

produce fruit should also be tipped, which prevents the tree being
exhausted by making wood at the end of the branch. It frequently
happens that a strong shoot springs from the root ; and should any of

the first year's or leading branches be decayed, or become unproductive
of bearing wood, it will bo ."wlvisable to cut that entirely away, and
suffer the new shoot to supply its place, which afterwards is to be
treated in the same way as is recommended for the others." (' Hort.
Trans.' vol. iv.)

Such, .iccordiug to Mr. Williamson, is the method of cultivating the
filbert in the f.ar-famed grounds of Kent, by which thirty hundred-
weight per acre has been grown on particular lands ; at the same time
he acknowledges that failures are by no means unfrequent, but h»
attributes tliis to the excessive productiveness of successful years.

Tho filbert is a monoecious plant, having its male organs in on*
flower and its female in another ; and one modern writer, suspecting
a want of male blossoms to be the cause of failure in particular
seasons, suspended a quantity of the catkins of the common hazel ovei
the female blossoms of some of his filbeits, the result of which was a
greater quantity of fruit than his trees had borne for many years. He
then tried some iiith, and others u-ithout, the male flowers, when the
former bore fruit, and the latter proved abortive, as he had anticipated.

He therefore recommends unpnmed hazels to be planted among the
cultivated filberts, in order that impregnation may be etlected.

Great quantities of fUbeita are rendered useless by being attacked by
the nut-weevil (Balaniniu nucum), which perforates the nut in its

young state, and deposits its egg : in a few days the maggot is

hatched, and then feeds upon the kernel. Some recommend the trees
to be shaken in June or July, as this is the time when the insect
makes its appearance, but no remedy is known which can be said to be
effectual.

In order to preserve filberts iu a fresh and plump state, it is only
necessary to prevent their parting with their moisture by evaporation.
Bulging them in heaps in the earth, putting them in earthen jars in
a wine-cellar with a small quantity of salt dusted over them, covering
them with di-y sand, ai-o all good plans, aud many others equally
eflicient will suggest themselves.

FILE MANUFACTURE. Files are steel tools having flat or curved
surfaces so notched or serrated as to produce a series of fine teeth or
cutting edges. They are indispensable for the working of most metalUc
and many other hard substances ; .and without their aid few articles of
machinery could be produced. The use of the file must have preceded
every step in the progress of finishing articles composed of iron and
steel, in all ca-ses where any intricacy of shape precluded the operation
of grinding. In the first book of Samuel (chap. xiii. v. 21), the file is

mentioned aa the means of shariwning the mattocks, coulters, and
other edged instruments of the IsraeUtes ; and it may be mentioned
as a further proof of the antiquity of this tool, that in Homer's
' Odyssey,' Vulcan is represented as using the hammer and file iu
fabricating the net in which he entangled Mars and Venus,

Files always are, or should be, made of steel of superior quality ; as
there are few instruments in which a defect in the metal is so com-
pletely destructive of utiUty. An axe, saw, or almost any other cut-
ting instrument, though of inferior metal, may bo made to do its duty
by repeated whetting; but for a bad file there is no remedy,—no
process of restoration. If too soft, the teeth wear down quickly ; if

too hard, they chip off. Steel for making files, being required to be
of imusual hardness, is more highly converted than for other purposes,
and is sometimes said to be double converted. The very large files

called smiths' rubbers are generally forged immediately from the con-

verted bars, which are, for convenience, made square while in the
state of iron. Smaller files are forged from bars or rods which are

wrought as nearly as may be to the required form aud size by the
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aatioB of tUt-hammtn, eitltar from biiiterad ban or {mm inguU of

OMt aUd. ThM« hkn are out mlo ptooaa »uiUblo for roakini one file

Moh, which are heated in a foi|a fire, aud then wrought to the
r«|aired abapa oo an anril by two ma : one of whom mperintands the
work, and ia raapoaeible for the goodnaai of the file, while the oUivr
aeta aa goMTal aawtenL File* being of many diflerent ihiqiee and
aiaeii, a« aquare, triangular, flat, round, and half-round in their cro«
laotian, and parallel or tapering moro or leaa toward! the end, and
ranging bom the minute wat<!hmaker'« filea of an inch or two in
length, to the pundurouii rubber of two or three feat, there are of

ooune many rarietiee in the forging |>roeeM. The equare and flat

filea are gaoenUly thaped by the hammer only ; but for those of a
triawgnlar or half-round aection intooved boeiea or dies of the required
ahape are attached to the anviL Round filea are made by meana of
tJie inateument known to nutha aa a iteagt, which may be compared
to a pair of auch diea, one of which is inverted upon the other to
raeeire the blows of the hammer. The projecting tang by which the
file ia to be inaerted in a wooden handle is formed at this time, and
the manufacturer'a mark is impreased with a steel punch.
The next operation is that of softening or annealing, to render the

atael capable of being cut with the toothing iustrumenta. The onliniry
mode of performing this operation is to pile the steel blaiiks loosely

upon the bottom of a brick oven, and heat them with a tire kindled
beneath and around them, the heat being regulated by dampers.
When the fire has been maintained sufScienUy long, the pile ia

8mothcr«d with ashea, every aperture by which air could enter the
oven is carefully dosed, and the whole is left to cool gradually. The
neoaaa of air during the heating tends to the oxidation of the steel,

and ia consequently injurious : and on this account a more careful

method of annealing ia aometimea adopted, by means ui a closely-

covered box filled with sand, into the mid«t of wliicli the blanks are
plunged.

After annealing, the aurface of the metal must be rendered very
smooth and even liefore cutting the teeth. This may be done either
by ilrippittg, or filing, first across, anil afterwanls along the surface; or
by grindinig upon very large grindstones. The stripping procees,

which is tedious and laborious, was formerly in conmion use, and ia

still prtkctised by some filemakere, especially in Lancashire, where
excellent filea are manufactured; but the other is now the most
common method.
The cutting of the teeth is usually performed by workmen sitting

astride upon a board or saddle^haped seat, in front of a well-lighted

bench, upon which is fixe<l a kind of small anvil. Laying the blank
file acroas the anni, the cutter secures it from nio\'ing by a strap

which peases over each end aud under his feet, like the stirrup of the
shoemaker. He then takes in his left hand a very carefully ground
chisel made of the best steel, and in his right a peculiarly shaped
hammer, the handle of which is fixed at such an angle that the
operator can, while making a blow, pull the hammer rather towards
him. If the file be flat, or have one or more fliit surfaces, the operator

placea the steel chisel upon it at a particular angle, and with one blow
of the hammer cuts an indentation or furrow, completely across its

face from side to side, but most commonly in an oblique direction
;

the metal displaced by thia operation is not taken away, but is thrown
up in the form of a prominent angular ridge, with a sharp cutting

edge, on one side of the furrow. He then moves the chisel a little,

and by a aecond atroke cuts another preciaely similar furrow parallel

to, and at a very short distance from, the first; and thus proceeds,

stroke by atroke, until the whole surface is furrowed, beginning at the
point and ending at the tang-end. In the course of cutting, the file

is gradually moved from the oiwrator by relaxing the pressure of the
strap from time to time. In this state, the file is said to be tingle-ciU,

or $iiit/k-Jloat ; and filea so cut are used for brass and the softer metils,

which are liable to clog a file of any other kind. Fur working ircn and
aume other materials, doMe-cM, or erott.«iii, files are used ; in which
the flnt nrw or series of cuts ia crossed at an oblique angle by a
aaocod ; the effect of which ia to convert the aurfiice into a collection

of very email angular teeth, ailmirably adapted for the abrasion of

hard subetanoea. In making cross-cut files, a fine file is gently passed
over the first aeriea of outa or teeth to reduce the prominences to an
even surface before the second set is cut. Files for wood are usually
cut with a triangidar pointed punch or chisel, instead of one with a
flat edge ; auch tiles, aa well as some of the dee|>e8t .-uid coarsest cross-

cuta, are called ratpt. If the file be round or half-round, or have any
curved surface, it ia atiU cut with the same kind of tool ; but as a
alrsig^t-edged cutting tool can only make a short indentation upon
a convex aurface, it ia necessary to go round the file by degrees,
mak ing several rows or ranges of minute cuts contiguous to one
another.

In addition to variations in the form and arrangement of the teeth

oi ftlce, their liae varies extremely. The largest and coarsest smiths'
ftlas are called rubbers ; and others, arranged in order of fineness, are
technically known aa rough, bastard, aeoond-cut, smooth, and dead-
smooth files, the latter producing so fine a surfkoe when applied to

metal that the aubaequent application of a bumiaher is autUcient to

poliahit.

In the art of file-cutting there are many points worthy of remark.
The ao^e at which the outa are made depends greatly on the purpose

to which the file Is to bo applied, and k made an tapedal object of the
cutter's attention. The cut, too, ia not a mere indentition, mode with-
out reference to form ; it is a triangular groove of parliculiu- sliape.tho

|>roduotton of which rei]uirea a moat diacriminating tact in the manage-
ment both of the hammer and of the cutting-tooL Then, again, the
strict parallelism of the aeveral cuta can only be brought about by
prsctiaed aoouraoy of hand and eve ; aince there is no guide, gauge, or
other contrivance fcr regulating the distanoe. In a romid file, too, the
aeveral rowa or cute are brought aide by side in suoh an exact manner
that it is difficult to coni;eive them to be formed singly aud by hand.
It is possible, in a half-round file 10 inches long, to make 20,000 diisel-

cute, each produced by a distinct blow from a hammer ; and files of
that length are actually made ringU-etU, with 10,000 such indentations.

The final prooeas in the manubcture of filea ia the hardening of the
ateel, a process in which different manufacturers vary in practice.

There are differences, too, depending on the degree of hsrdneaa
reiiuired. In the ordinary proeeas of hardening steel files three things
must be particularly observed : first, to cover the stucco of the file

'

with some com]Hisition which, acting aa a protecting varnish to it, may
guard it from oxidation and sailing when exposed to the action of the
tire, that the aharpness of the teeth may not be impaired, nor the sur-

face rendered rough, which would cauae it to clog w^hen in use;
secondly, to heat it vety uniformly throughout to a red heat ; and,
thirdly, to cool it suddenly, by immersion in the freahest and coldest

water, in such a manner as to impart the greatest degree of hardneaa, and
t4i avoid the tendency to warping, which in long thin files is a diffloult

matter. A mixture Very commonly used for the first-m< i

' ' ir-

pose consiste of tlie grounds of malt liquor, or the chea|>e8t > i r,

yeast, and common salt. The use of the grounds is chiefly ; ihe

tiles to retain a greater quantity of salt, which fuses, ami forms a pro-

tecting varnish when in the fire. The heating is usually eficcte<l in an
open fire of clean coke, the tile, if small, being held by the tang end in

a pair of tongs, and frequently withdrawn, to see that no part becomes
over-heated. The proper temperature is indicated by a cherry-red
colour. A kind of oven is sometimes used for large files, to facilitate

the uniform application of heat, the oven being formed of fire-bricks,

open at one end to receive the files and fuel, and the fire being urged
by bellows. Some file-makers put sulphuric acid or other substances
into the quenching-water, with a view to procuring the greatest possible

hardness. All files should be immersed quickly ; thoee of a flat, square,
triangular, or round form, being plunged jieqiendicularly into the
water; while the half-round, though kept perpendicular, should be
moved a little horizontally in the direction of the round side, to pre-

vent ite becoming crooked. With every preomtion the tiles are liable

to take some degree of warp or curvature in this process, to remove
which they are withdrawn from the water before they become quite
cold and straightened. Owing to their hardness, files ore unavoidably
brittle, and they are especially liable to break by the tang, owing to

their reduced substance; to remedy which, some makers temper the
tang end by dipping it in a bath of melted lead. During the war of

the French revolution, the mipply of English files being impeded, the
French tile-makers were excited to great eSbrts to supply tho defi-

ciency ; and these eflbrte are said to have resulted in the production of
tiles of intense hardness, by dipping them into a composition of mutton
suet, hog's lard, and arsenic.

After hardening, the files are scoured with a brush dipped in water
mixed with a little sand or coke-dust; then thoroughly w.ished to
remove any saline particles which might tend to runt the tile ; next
dipped in water in which quick-lime has been dissolved, in order to
neutralise the efiect of any which may yet remain ; and finally dried

before the tire, bnished over with oil or a mixture of olive-oil and
turpentine, and wrapped up in oiled brown paper for sale. Before
packing, files are sometimes tested by striking them gently on a piece

of hard steel, and also rubbing them gently from end to end.

When files, otherwise of good quality, are reduced to a useleas state

by wear, they are sometimes re-cut, the old teeth being completely
removed by grinding. Ue-cut files are, of course, somewhat thinner than
when first made, but in .ill other rcspecte they may be equally good, if

the process is properly conducted. Owing to the superior quality of

the steel, worn-out files bear a comparatively high value as old metal,

and many are bought up fur the purpose of converting them into

screw-drivers and gun-barrels.

Several highly ingenious m.ichines have lx>cn contrive<l for R\iper-

seding the tedious o)>eration of tile-cuttmg by hand ; but, Kuited as the

process may appear to be for the use of machiuer)-, it has been found
to present such great difficulties that few file-cutting engines have been

brought successfully or extensively into operation. One very serious

difficulty arises from the circumstance that if one part of the file be
either a little softer than the adj.icent parts, or ruurower, so as to pre-

sent less resistance to the blow of the hammer, a machine would,
owing to the perfect unifonuity of its stroke, make a deeper cut there

than ebewhere ; whereas a worknum who has been employed in the

trade from a boy can feel in.stantly when he arrives at any variation in

the quality or condition of the steel, and at once adapto the weight of

his blow to it. The application of machinery to the toothing of

extremely fine-faced filea seems conceivable however, because in such
the Kt or direction of the teeUi is a matter of much less importance

than perfect equality of surface. The double dead-cut files of the
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French exhibit such a beautiful uniformity of delineation when
examined with a magnider, that no doubt seems to be entertained by
many persons conversant with the art of their l>eing cut by machinery

of some sort. But although the French are so successful in the pro-

duction of this exquisitely delicate cutting, they are not equally so in

the execution of the rougher sorts ; and, consequently, English files

are in high reputation in Paris, whither large quantities are regularly

transmitted. As an example of minute but useless work, we may
adduce the Danish file sent to the Great Exhibition in 1851. It was
four-square, and weighed 10 lbs. ; the file-cuts on the surface repre-

sented the royal arms, and views of several public buildings in Copen-
hagen. It was hollow, and contained a nest of ten files, one within

another, the innermost being little more than an inch in length. Still

more pretentious was a file made by Hiram Younge, a file-cutter in the
employ of Messrs. Carr of Sheffield; it was 54 inches in length, and
was covered all over with landscapes, emblems, symbols, inscriptions,

foliage, and other devices, all produced by chisel-cuts of diJi'ereut

lengths and depths.

A brief notice of thieo among the many machines invented within

the last few years will illustrate the modes in which the cutting-action

is brought about, and will also show that there are really machine-cut
files now made in England. In 1856, a file-cutting machine, invented

by Mr. Rosa, was adopted in Messrs. Hetherington's works at Glasgow

;

and by the spring of the next year, five others had been added. The
chief difficulty hitherto has been in the attainment of a proper
modification of blow, so as to suit various qualities of steel, widths
of file, and depths of cutting ; and also to accommodate the blow to

any irregularities of surface. These difficulties Mr. Ross has sought
to remove, by au ingenious but very complex arrangement of mechanism
—calculated to produce files of a medium degree of size and fineness.

In Messrs. Preston and Macgregor's machine, patented in 1858, there

is a shaft turned by a strap in the usual way ; conical cams, fixed on
the shaft, raise and lower a hammer-head and spindle ; there are fixed

guides on the anvil block ; the upper swage is fixed at the lower end
of the spindle, and the lower swage between the guides ; and thus

the blows of the hammer are brought down vertically. The lift of

the hammer is varied by varying the distance between the cams on
the shaft. There is a chisel-holder with a ball-joint, and a spring for

retaining Uie holder in its place. There is a compensating move-
ment for regulating the force of the blow. The file-blank is placed

in a reoesB in the anvil. Messrs. Greenwood and Catley set up at

Leeds, in 1859, a file-cutting machine of French invention. The file,

in this arrangement, is plac^ in a self-adjusting bed, capable of turn-

ing in any direction ; the chisel is fixed in a vertical slide, put in

motion by a spring and cam and gives about a thousand blows m a

luinutf. It is raid to do about as much work as ten skilful tile-

cutters. This form of machine is also in operation in France and
licigium.

Files are among the articles which exemi)lify the importance of

trade-marks. A mark was granted many years ago by the Sheffield

corporation to Daniel Brammall, to be stamped on his files ; and so

important was this in a commercial point of view, that on one occasion

Brammall obtained 2000/. damages against a rival manufacturer, for

on infringement of the mark. This matter was adverted to by one
of the jurors of the Paris Exhibition in 1855, in connection with

the file-manufacture :—-" The fundamental obstacle to the growth of

tliit branch of industry results from the custom adopted by almost all

manufacturers of placing false marks on their produce. This deplor-

able custom is due in part to the desire that unconscientious manu-
facturers, convinced of their real inferiority, have to turn to their

own profit the resources of the best foreign manufacturers, acquired
by a long career of honesty and talent ; it is encoiu'aged by the retail

dealers, who wish to keep manufacturers dependent on them, and to

hinder the consumer from knowing the real marks of steel goods,

itannfacturers, short of capital, submit in this matter to the terms
dictated to them by the dealers, renounce their individuality, and
stamp u|ion their goods such marks as the buyer chooses to order, and
even to substitute the name of the retail dealer for their own. The
history of the English steel trade proves that a skilful manufacturer,
who coDMcretes his life to found the reputation of the trade-mark he
hiV! chosen, can leave in the sole possession of that mark a lai'ge

fortune to his descendants. The gOTemment would, therefore, render
skilful and conscientious manufacturers (the only ones that ought to
be encouraged) an immense service in imposing u^xm each producer
the obligation to place his own mark upon his manufactures." It is

probable that this mention of government interference was due to a
Frenchman, with whom snch a mode of settling trade difficulties is

!i ir. In reference to the file-manufacture, the chief piracies occur
I. rmany, where English trade-marks are copied with unblushing

ctlroiftery.

FILE, is a line of soldiers one behind the other. The term is com-
monly used also to designate a front and rear rank man together ; or
as in the expression so many rank and file, when it means so many
Soldiers who are not officers or sergeants.

FILE MARCHING, is where a line of soldiers, either in single or
double rank, facing to the right or left,-march in that direction ; each
front and rear rank man then compose a file.

FILHTION, ORDER OF. [Babtardt.]

FILLET, a flat rectangular moulding, of very frequent occurrence in

architecture. It is used to terminate or divide other mouldings, as in
the cavetto, which is surmounted with a fillet, and in the flutings of

columns, which are divided by a fillet. The fillet is much used in
entablatures. [Column.]
FILTER ; FILTRATION. Filters may be ranked as of four kinds :

those employed iu straining various chemical liquids ; those used for

filtering water in small quantities for household use ; those used on a
large scale by the water comianies ; and those used on shipboard for

converting salt water into fresh.

1. CkeniiciU JUtei's. The smaller kinds are strainers used in chemical
operations for rendering fluids transparent by separating the su.spended

impurities which make them turbid ; or for separating and washing
the precipitates resulting from chemical analysis. They are usually

made of unsized or blotting paper; and they are used either spread out
upon cloth stretched ou a wooden frame, or folded and placed in

funnels, and having consequently the form of an inverted cone. They
are either single or double, according to the purposes to which they
are to be applied. [Chkmic.il Analysis.]

2. Household filters. Variojis forms of filter are employed for the

purpose of filtering water, either for drinking or culinary purposes.

These filters generally depend upon passing water through saud or

small pebbles and charcoal. It is well kuowu that the Thames water,

though it contains but little saline matter iu solution, is frequently

turbid, owing to mechanical admixture of earthy matter ; aud these

earthy matters, in the Thames and other kinds of river water, it is the

purpose of filters to remove, so as to render the water, though not so

agreeable as spriug-water for driiikiug on account of its flatness, yet

well adapted for other pui-poses.

A considerable portion of the river-water of Paris is filtered in large

estabhshments where it is employed. The filters made use of arc small

boxes, many in number, lined with lead, open at toj), and having at

the bottom a layer of charcoal between two layers of saud. If the

water is foul, the upper layer of sand requires to be renewed daily. At
the Hotel Dieu the boxes are hermetically sealed, and the water is

forced through the filtering layers by artificial pressure.

A very simple water-filter may be made of a common garden-pot,

or similar vessel, with a bottom pierced with holes. Fill the lower part

with round pebbles, then place a layer of smaller pebbles, then coarse

sand, and lastly a Layer, three or four inches in depth, of well-made

pounded charcoal. The water, in percolating through these various

strata, loses nearly all its mechanical impurities. A still simpler Biter

may be formed of a layer of sponge pressed between two jjerforated

plates.

Murray's Self-cleansing Domestic Tubular Filter is soldered to the

end of the service-pipe. The enlarged part of the pipe contaius a

l>erforated tube with several folds of flannel aud linen wrapped round
it. The smaller tap communicates only with the outer cawing, so tliat

no water can reach it that has not jKvssed through the filtering tube.

The larger tap communiciites with the interior of the tube ; and by
allowing it to run, the filter will cleanse itself. In Bird's Hydrostatic

Syj)hon Water Purifier, the filtration is performed iu two inverted

cones containing filtering media, situated in the cylinder. When used,

the instrument is immersed in the water to be filtered, aud the pipe

uncoiled so as to hang with its stop-cock below the bottom of the

instrument. On drawing out the air from the pipe, it acts as a syphon,

and a stream of pure water flows. Foster's Pressure Filter, recom-

mended for use by the Sanitary Board of Liverpool, consists of a

porous stone, hollow iu the inside, and contained in a metal jacket.

This apparatus, when screwed into the service-pipe, causes the water,

forced through the stoue by the pressure of the main, to lose all its

polhitions, and come out piu-e and clear. There are two taps, one of

which draws the filtered water from the interior ,of the stone globe

;

the other the unfiltered from the exterior ; and the .apparatus is so

arranged! that the drawing of the unfiltered water cleanses the stone

and increases its powers of filtration.

Some of the filters recently made have for their object the main-

tenance of a imiform pressure of the fluid upon the filtering surface by

a self-acting contrivance, which admits the fluid from a reservoir just

as fast as it passes off through the filter. On a small scale this may be

done by inverting a bottle, filled with the liquid to be filtered, with its

open neck or mouth in the funnel or other vessel at the bottom of

which the filtering materi.als are placed; so long ,as the fluid in the

fuimel is above the level of the mouth of the bottle, no fliiid will flow

from the bottle into the funnel, because no air can enter the bottle to

take its place ; but bo soon as, by the process of filtration, the fluid in

the funnel falls below the mouth of the bottle, air enters it, and con-

sequently liquid flows out into the funnel until it rises high enough

again to prevent the admission of air. In other cases, the admission of

fluid to the filter is regulated by a b.aU-cock or valve connected with a

float. In a few instances, hydrostatic or pneumatic pressure is em-

ployed to mcrease the rapidity of filtration, by closing the filtering

cylinder, and forcing the fluid into it, either by a force-pump or by a

pipe from an elevated cistern ; by producing pressure by air or steam

upon the surface of the fluid ; or by occasioning a partial vacuum

beneath the filter, in the vessel which receives the fluid after it has

passed through it. AVhen such pressure is applied, the water or other

fluid is sometimes caused to utcend through the filtering materials, or
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through them horizontally, or in any roquired direetion. In

filtan, the action ia cumpoundni of dmcent by grnvity and
t by hydnMtatic pressurs ; by which lurongement the fluid may

be oompelled to pue throngfa • great quantity of filtering material in a
anall sjace. In ooe fomi, the filtration ia carried on without any
expomire to the aooeaa of air ; both the ve«el inti) which the impure
fluid ia put, and that which rrceiTex it after filtration, l>eing hermeti-

cally closed. Theae two Teeeel* are connected together by a small

air-pipe, thrmigh which the air diaplaoed from the lower veaael by the
dropping of the fluid into it ascenos into the uppei*veaael to occupy
the ifiaoe which it has ju«t vacated. The prooeas toeretore ia conducted
without the contact of any more air than the veaseU contain at its

oommencement, and without the escape of any v.tpours from the flui'1

;

o that the moet volatile liquiiUi may t>e filtered without loss, and the

injurioua effects which in other cases might arise from the free ad-

mimion of air are avoided.

In Raosome's filter, patented in 1856, there is a cylindrical vojuel.'at

the bottom of which is a Uycr of coarse grit ; above the grit ia a Ltyer

of fine sand ; and above thu .a slab of Ransome's juktent porous sUme.
Ia the middle of the porous slab is a hollow space containing a layer

of charcoal. Above all these layers is a vessel fur filtered water ; and
above and around this another for imfiltered. The impure w.iter runs
down to the bottom of the ves.«l, and then ascends through all the

layers, leaving the impurities behind it. Filters of this kind are found
to be more easily deaiied than those which act by descension. Uan-
Bome's patent stone has led to the production of a very small and
simple filter, intended for troops, travellers, and emigrants. It consists

of a small cylinder of porous stone, attached to a (Use of wood ; from
which disc springs a short vulcanised india-rubber tube, with a mouth-
piece. On placing the cylinder in untiltered water, and drawing
breath through the tube, water rises in a tolerable state of purity, and
flows into the mouth.

3. Fittcring Btdt.—The processes for filtering water on a large scale,

as now adopted by the chief water-works companies, will best be treated

in the article Wateh-Wobks.
4. I'rahtHinrj Sta-Wattr.—This important process, becoming every

year more appreciated and more extensively adopted, belongs rather to

distillation than to filtering; but it was referred from Distillery to

this place, because many of the forms of apparatiui employed comprise
filtering as well as distilling arrangements. It may not at first sight

appear evident how the saltness of sea-water can be removed by either

of these processes. The explanation is found in the fact, that when-
ever water is converted into steam at an ordinary temperature, very
few if any solid particles ascend with it. Salt, clay, sand, charcoal,

alkalies, and oxides, arc almost wholly left behind in the vessel in

which the water is treated ; the vapour which passes off consisting of

atiucous particles and a little atmospheric air. If clear water, dirty

water, or sea-water be placed in a common kettle on the fire, the steam
that issues from the spout will be nearly alike in all three ctses ; it

will be vapid and tasteless, but neither salt nor impure. The possi.

bility of rendering sea-water drinkable is a question of verj' great im-
portance to ship-owners, especially to the owners of emigrant and
passenger ships, and to the royal navy ; for, under present arrange-

ments, a vast space and a vast number of tanks are necessary to contain

fresh water enough for the wants of all the crew and passengers ; and
even if fresh when put on board, the water has a tendency to become
foul by long keeping. The miseries suffered on ship-board by a defi-

ciency of piu-e water are among the greatest to which passengers and
crew are liable.

All the many forms of apparatus invented for freshening sea-water
are contrived with a view \/> making the best use of the fuel employed

;

those which are moot economicil are most likely in the end to be
adopted. Urant's apparatus, brought forward in 1849, is so contrived
that the same fire employed for the cooking of the crew's provisions

will distil aea-water contained in a vessel above it, at the rate of one
gallon per man per day. The water becomes aerated, or mixed with
sufficient .ittnoxpheric air to iiiijiart briskness to it, by .igitiition in the
voaseL HcBride's api>an>tus, [xitented in the same year, condenses the
heated sea-water by a current of cold air, which gathers it into a
condenser by means of a blowing or exhausting macltine. Murdoch's
apparatus comprises a piiw fitted in the top of the sliip's cooking
boiler, and another perforated pipe to admit air ; an exhausting
niace sucks both the steam and the air down the pipe into a con-

denser beneath, thereby effecting simultaneously the distilling and the
aerating. In Ericssons apparatus, when the scvw.itor has been con-

voted into vapour, the steam posses into and through a space Iwtween
two concentric veaseU ; the inner vessel is kept cool by the flow of cold
water through it, and the outer one by the evaporative action of the
atmosphere on a wet cloth wrapjier ; and the steam being thus placed
between two cool »urfiw;c«, Iwcomes condensed into drinkable water.

In Noniiandy and I'dl's apparatus, the arrangement is somewhat
peculiar. There is o cylinder surrounded by a steam-jacket. The
cylinder is dividc<I internally into four channels or comiiortnients by
partitions. I'^h of these com|>artmcnt>< is turned up at one end, so as

to allow the water to flow towards the other. The cylinder is con-

nected at one end to a pipe with a condensing and aerating apimratus,
contained within a closed tank ; and at the other by a pipe with a box,
into which the water to Iw inirified is first intrmluceil. A pipe brings

steam from a boiler into the jacket, to heat the cylinder. The sea-

water within the cylinder is maile to flow through all the compart-
ments, by means of the i>artitions ; it gets heatc<I as it goi-s, and throws
off steam. This steam passes off through the pipe iiit>i the oondenaer,
where it gets mixed with atmospheric air, an<l is tinally condensed bjr

coming in contact with the sides of the condenser. The steam which
has been employed in heating the cylinder when condensol by cold, is

drawn off by another pi|>o ; although it ia not pleasant to drink,

thp>ugli not being aerat«d, it is still good enough ror washing. The
residuum of the salt or impure w.'\tor escapes by another pipe.

Oravely's ap|>aratua, patented in 1858, consists of two parts, a boiler

and a condenser, the latter over the former. The bottom of the boiler

is comignted, to increase the heating sur&ce, and there is a jacket to

economise the heat. A pipe extends from an ajierturc in the top of

the boiler to near the top of the condenser ; a larger pipe is outside

and concentric with this ; and the B)>ace between them is an air-spooe,

Messrs. Gravely have recently paid much attention to their appuvtus,
to render availaVjle as much as possible of the heat which in ordinary

ships is usually generated in the cook-room ; and their success has hoen
such as to lead to a large employment of the apparatus in merchant
ships. Grant's apparatus, applied some yearsjigo to H. M. S, Arrogant,

Plumper, RejTiard, Dauntless, Tcnnagmt, ^ind Encounter, has

recently, moditie<l and improved by other contrivances, been provided

for a large mmiber of ships in the royal navy. When .Sir Cliarles

Napier was in the Baltic with his fleet, eleven ships distilled 4,700 tons

of sea-water ; and did this so well, that the crew preferred the water
thus obtained to ordinary fresh water. In the Black Sea during the

same war, the ship Wye distilled 10,000 gallons a day. Vcrj' recently

(1859) Dr. Normandy, improving on an apparatiu in which he was
concerned some years earlier, has brought it to a more efficient state

than any other for the Royal Navy ; it is now being largely adopted by
the Admiralty, and by the great steam moil companies.

FILTRATION. A process used in chemical operations to separate

solid from liquid matter. [Chemical Akaltsis.J

FINA'LE (Ital. Fi-nd-U), the concerted piece of music by which the

acts of an opera conclude : the last movement of a symphony, con-

certo, &c
FINANCE. [Tax; Ta.xation.]

FINE OF LANDS, one of the modes of conveying lands .ind here-

ditaments by matter of record. It was so called because it put an end
not only to the actual suit of which it was the conclusion, but also to

all other suits and controversies coucei-ning Uie same matter. Divested

of its tochnioalties, a fine may be described to be an amicable com-
position or agreement of a suit, either actual or fictitious, by leave of

the king or his justices, whereby the lauds in question become, or are

acknowledged to be, the right of one of the parties.

The note of the fine was read four times openly in the Court o£

Common Pleas, or as it was called, proclaimed, onco in the terqi in

which it was nuide, and once in each of the three succeeding terms,

during which all pleas c&ised, and these proclamations were endorsed

upon the record. A table of the fines levied in each county in eveiy

tenn was affixed in some open part of the Court of Common Pleas aU
the next term, and a copy of the same was given to the sheriff of every

county, who at the next assizes fixed the same in some open place in

the court, for the more public notoriety of the fine. (Bl. ' Com.' vol ii.

p. 351, Mr. Kerr's ed.)

Of the effect of a Fine.—A fine was a conveyance so effective that it

bound not only those who were p.arties and privies to the line, but all

other ])er8ons whatsoever, unless they brought their action or made
lawful entry within five years after proclanution made, except married

women, infants, prisoners, jicrsons beyond the seas, and such as were
not of whole mind, who had five years allowed to them and their heirs

after the death of their husbands, their attaining full age, recovering

their liberty, returning into England, or being restored to their right

mind. Persons also who luid not a present, but a future interest

only, as those in reversion or remainder, had five years allowed them to

cLiiui in from the time their right accrued by the stat. 4 Henry VII.

c. 21.

In order to make a fine of any avail at all, it w.ts necessary that the

parties should have some interest or estate of freehold in the lands to

be afl'octetl by it. (Bl. ' Com.' vol. ii. p. 858, Mr. Kerr's ed.) But it was

not necessary that the freehold should bo in cither of the pirties l.>y right,

and therefore when a tine was levied to Btrengthcn a title, it was

frequently considered necessary to make a feoffraeut, in order that the

freehold might be in one of them by disseisin. [Fkokfmknt.] If

neither of the iiiirties ha<l any uitereHt at tlie time, although the fine

had no proper operation, yet it might take effect as between them by

way of estopiwl. [Estoppkl.]

A fine W.1S princi|)ally used as the mode of conveying the estates of

marrieil women, and renouncing their right to dower, as a means of

boning estates t-iil, and reinaindein aud revei-Kions dependent upon other

e«t,-»te«, .ind also for the purjwse of strengthening defective titles.

By the 3 & 4 Will. IV. c. 74, fines are abolislied, and provision is

m.vlo for the conveyance of the interest of m-irried women in land,

with the concurrence of their husbands, and after being examined to

ascertain if they arc .icting voluntarily, by a doc<l to lie acknowledged

in the Court of Common Pleas ; and provision is also m.ade for the

barring of estates tail by a deed enroll«l : but no provision is raa<lc for
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enabling parties whose titles are defective to strengthen them by any
means analogous to a fine and nonulaim. (2 Bl. ' Com.' ; Cruise, ' On
Fines.'

This mode of conveyance, which was in use from the earliest periods

of English history of which we possess any authentic judicial records,

has been recently abolished by the stat. 3 & 4 \Vm. IV. c. 74
;
yet the

rules by which it was governed form a very considerable branch of real

property law, and it is therefore desirable briefly to describe its nature

and effect. Fines were of four kinds :—1. A fine " sur conusance de
droit, come ceo qu'il ad de son done ;

" that is, upon acknowledgment
of the right of the cognizee, as that which he (one of the parties to the

fine) had of the gift of the cognizor (the other party to the fine). This
was the best and surest kind of fine, for thereby the cognizor (the per-

son in possession, also called the deforciant from keeping the cognizee

out of possession), in order to make good his covenant with the cog-

nizee (the plaintiff), of conveying to him the lands in question, and at

the same time to avoid the formality of an actual feoflment and livery,

acknowledged in court a former feoffment, or gift in possession, to have
been made by him to the plaintiff. This fine is therefore said to have
been a feoffment of record, the livery thus acknowledged in coiu^ being
equivalent to an actual livery ; so that this conveyance was rather a

confession of a former conveyance than a conveyance then originally

made. 2. A fine "sur conusance de droit tantum," or upon the acknow-
ledgment of the right merely ; and not with the circumstance of a
preceding gift from the cognizor. This was conunonly used to pass a

reversionary interest ; for of such there could be no feoffment with
livery supposed, as the possession during the preceding, or, as it is

technically called, particular estate, belonged to a third person.

[Feoffment.] This kind of fine was worded in this manner : "that
the cognizor acknowledges the right to be in the cognizee, and grants

for himself and his heirs that the reversion after the particular estate

determines shall go to the cognizee." 3. A fine " sur concessit," wliich

was where the cognizor, in order to make an end of disputes, though
he acknowledged no precedent right, yet granted to the cognizee an
estate usually for life, or for years, by way of supposed composition.

And this might be done reser^'ing a rent or the like, for it operated as

a new grant. 4. A fine " sur done, grant, et render," which was a
double fine, comprehended the fine " sur conusance de droit come ceo,"

&c., and the fine " sur concessit." This might be used to create par-

ticular limitations of estate, whereas the fine " sur conusance de droit

come ceo," &c., conveyed nothing but an absolute estate of inheritance,

or at least of freehold. In this last species of fine, the cognizee, after

the right was acknowledged to be in him, granted back again, ur ren-

dered to the cognizor, or perhaps to a stranger, some other estate in

the premises. But in general, the first species of fine, " sur conusance

de droit come ceo," Ac., was the most used, as it conveyed a clear and
absolute freehold, and gave the cognizee a seisin in law, without any
actual livery, and it was therefore called a fine executed, whereas the
others were but executory.

Fines of all four kinds were thus levied, to use the technical term :

First, the party to whom the land was to be conveyed commenced an
.-ustion or suit at law against the party who was to convey, by suiug out
:\ writ or pracipe, called a writ of covenant. The action was founded
upon the breach of a supposed agreement or covenant, that the one
should convey the lands to the other. On this writ a fine, called a

primer fine, amounting to about one-tenth of the annual value of the

land, became due to the king. The suit being thus commenced, then
followed,—Secondly, the " licentia concordandi," or leave to compro-
mise the suit, upon which also another fine, called the king's silver, or

sometimes the post fine, became due to the king, amounting to about
three-twentieths of the aimual value of the land. Thirdly, came the

concord or agreement itself, which was required to be made either

o^ienly in the Court of Common Pleas or before the lord-chief-justice,

or one of the judges of that court, or two or more commissioners in

the county specially authorised ; all of whom were bound by stat.

IS Ed. I. s. 4, to take care that the cognizors were of full age, sound
memory, and out of prison. If a married woman was a cognizor she
was privately examined by the parties before whom her acknowledgment
was taken, whether she did it freely and willingly, or by compulsion of

her husband. A fine was the only way in wtucb a married woman
could convey her freehold interest in lands.

By these several acts the essential parts of the fine were completed,
and even if the cognizor died, still the fine might be carried on in all

its remaining parts, of which the next was—Fourthly, the note of the
fine, which was simply an abstract of the writ of covenant and the
concord ; naming the parties, the parcels of land, and the agreement,
for the purpose of enrolment of record in the proper office. "The Fifth

and last part was the foot of the fine, which included the whole matter,
reciting the parties, day, year, and place, and before whom it was
acknbwiedgcd or levied. Of this indentures were made or engrossed at

the chirographer's office, and delivered to the cognizor and the cog-

nizee, iisually beginning thus :
" htco est finalis concordia " (" this

is the final agreement "), and then reciting the whole proceeding at
length.

FINGER-BOARD, the whole range of keys, white and black, of a
piano-forte or of an organ.

FINGERING, in music, is the art of so applying the fingers to a
musical instrument, the piano-forte and organ e8i)ecially, an to accom-

AKTg AXD »CL »IV. vol.. IV.

plish the objects in view in the easiest and most effective manner. A
proper notice of the art of fingering, accompanied by the necessary
examples, would require many pages ; we shall therefore only remark
in this place that, as a system, dementi's is the best that we are
acquainted with ; though some few modern improvements have been
mside in its details.

FINIAL, a term used to designate the knob of foliage, or the floral
ornament which crowns the apex of pinnacles, pediments, canopies,
low spires, and occasionally gables, pointed driijstones, &c. in Gothic
buUdings. Formerly, pinnacles were frequently called finials, but the
term is now limited to the top ornament. [Gothic Architecture.]
FININGS. In brewing, and other manufacturing operations, a

process of clarifying or clearing is required, for which some substance
is employed under the name of fining. Some of these finings are niade
by the persons who are to use them ; while others are purchased
from the makers. Isinglass is made into finings by mixing it with
beer or cyder, stirring until the isinglass is dissolved, straining through
a sieve, and finally bringing it to a liquid state by mixing with the
same kind of beverage as that which is to be fined. This is a fining
much used by brewers. Distillers or rectifiers, in clarifying gin and
cordials, use a fining composed of alum mixed either with carbouate of
soda or salt of tartar and hot water.

It is a disputed point whether finings are really necessary in well-
brewed malt Uquors in good condition. Mr. Cooley and Dr. Ure decide
this in the negative. The former observes :

" Good liquors, either
fermented or spirituous, need no artificial fining, as they always clarify

themselves by repose. With those, however, which are out of con-
dition, or of inferior quality, it is often necessary ; as without such a
proceeding they remain unsaleable. This is particularly the case with
malt liquors." " Attempts to clarify it in the cask," says Ure, " seldom
fail to do harm. The only thing that can be used with advantage for
fining foul or muddy beer is isinglass. The disadvantages resulting
from the artificial clarification of fermented liquors are, that the liquors
do not afterwards stand well on draught ; that much of the consersative
astringent matter which they contain is precipitated with the finings

;

that their piquancy and flavour are more or less diminished ; and that
they are more than usually liable to become flat and vapid, whether in
cask or in bottle. The larger the proiwrtion of finings used, the more
marked are their injurious effects, and the shorter the interval which
elapses before the acces.sion of the several symptoms referred to. We
have seen the most disastrous consequences follow the injudicious use
of finings, more especially in respect to those liquors in which a certain
amount of piquancy, astringenoy, and briskness is an essential condi-
tion. In one instance which came under our notice, upwards of thirty
barrels of ' underground,' a very strong old ale, was thus reduced in
value to less than one-third of its original cost ; and in another, a large

bottled stock of the finest old Burton was found to be utterly unsale-

able. In both cases, the spoiled liquor was got rid of by mixing it in,

and selling it with, 3rf. and id, ale."

FINITE (in Mathematics), having a boundary, used as opposed to
TitfFTTVTTI''

FIR, ECONOMICAL USES. In giving a brief notice of some of

the remarkable and numerous uses of the fir-tree, we shall include at

the same time the pine, which is so nearly allied to it as to have been
placed by some botanists in the same genus.

The timber of the fir and pine is, perhaps, all things considered,

more generally useful than that of any other tree. It is far excelled in

strength and toughness by the timber of the oak, elm, beech, &c. ; but
it is more easily worked, and is durable enough for a large number of

purposes. Some kinds are useful for the masts of ships ; others fgr

parts of the hull ; others for flooring-boards. What Michaux says of the

use of the white pine in North America will serve as well as anything
else to denote the wide range of usefulness possessed by this timber

:

" The ornamental work of the outer door, the cornices of apartments,

and the mouldings of fire-places, all of which in America are elegantly

wrought, are of this wood. It receives gilding well, and is therefore

selected for looking-glasses and picture-frames. Carvers employ it

exclusively for the images that adorn the bows of vessels, for which
they prefer the kind called the pumpkin pin^. At Boston, and in

other towns of the Northern States, the inside of mahogany fiu-niture

and of trunks, the bottoms of Windsor-chairs of an inferior quaUty,
water-pails, a great part of the boxes used for packing goods, the

shelves for shops, and an endless variety of other objects, are made of

white pine. In the district of Maine it is employed for barrels to

contain salted fish, especially the kind called the sapling pine, which is of

a stronger consistence. For the magnificent wooden bridges over the

Schuylkill at Philadelphia, and the Delaware at Trenton, and for those

which unite Cambridge and Charlestown with Boston, of which the

first is 1500, and the second is 3000 feet in length, the white pine has

been chosen for its durability. It serves exclusively for the masts of

the numerous vessels constructed in the northern and middle states

;

and for this purpose it would be difficult to replace it in North
America." If Michaux had lived to the present day, he would not

have failed to notice the vast use of pine and fir timber in railway

construction. In the newly-cleared regions of America, and in many
parts of Russia, corduroy roads, as they are called, are made of

trunks of pine and fir, slightly dressed, and laid transversely to the

length of the road.
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C^p* of aom* kinda of pine eoatain muoh min or pitch, which
r«ail«r them lueful u fluabekux in ooantne* wht r<i caiuUm and lamps

•re too •zpandre for the poorer eottagera. In una or other of the

«Mriotu kinda uf piiM and fir, •!! nuta of the tree are nude to render

HMfnl aervioa. The fngmenta of wood yield hiel and eharooel ; the

ahea of the burnt root;, &c. fumiah potaab; the bark ia uaeful in

turning : the buda and yuun^ ahoota are made into apriica beer ; the

young ahouta mixed with com are food for cattle, sheep, and horaee,

m some countriea ; the inner Inrk is made into baaketa ; the long and
atender rootlets fumiah a kind of tough twine ; the outer bark ia used

in LapUnd and Russia for covering and lining huts, and aa floats for

fishing-nets. The food of man ia not without a supply from the fir

and pine. Tlie oones are sometimes used to flavour wine ; the I>ap-

iHldtn make a coarse bread-flour from the inner bark ; the kernels of

aana tpedes are eaten aa a substitute- fur luuiel nut«, and arc used in

oonfeotionaiy aa a substitute fur altuunds ; the kernels of one 8|«cioa

yield muoh oil, useful both for food and for liun|ie ; and the shells

yield a rich dye.

Beaidee all the above useful suhctanoes, there are others yielded by
thfae trees, due chiefly to the sap or juices. Common turpentine,

Venice turpentine, Strasburgh turpentine, black resin, yellow resiu,

tar, common pitch, Burgundy pitoh, lampblack—all are obtained,

either from the living tree, or by the applioation of heat to the tnmk
and root when dead.

FIKK. [Combustion ; Hkat.]
FIRE {IMrttt, BnjUadt, Obtiqut, PUitffiiit, RieoeKtf, Reverm.Slamt, or

KMteaf), are terms applied to the fire of a battery, according to ita

direetion with respect to the object firod at.

Dtrttt, when it ia perpendicular to the face of the work or line of

troops fired at.

Enfiladr, whou it is in the direction of the length of the face of a

work or line of troops, or in the direction of the greatest length of a

column or mais of troops. The battery will then be on, and ranged

perpendicular to, the prolongation of such face of work or line of troops

enfiladed.

Obtiqnt, when it makes an angle with the front of the object fired at.

Plutigtni/, when it ia from a position higher than the object fired at.

Rifofhei, when enfilade is with small charges. [Ricochet.]

Revtnt, when it Htrikes the interior slope of a parapet, or the rear of

a line of troops, at an angle greater than S0°.

8Umt, when it strikes Uie interior slope of a parapet, or rear of a line

of troops, at an angle lees than 80*.

Verlu-al, when the shot, having been fired at an angle of 45° or more,

falls almost perpendicularly.

FIRE-ARMS. [Arms; Artillery.]

FIHK-BOTK. [Common, Right OF ; Estovers.]

FIRE-DAMI'. [Methyl, l,,iUride of.]

FIRE-ENOINE, a term formerly applied to the steam-eugine, but

now ciinflned to those machines which are employed to extinguish

fires by throwing water from a jet upon the burning materials.

There were various modes of extinguishing fires previous to the

invention of the modern fire-engine. A term employed by Juvenal

and Pliny expressive of some implement used in extinguishing fires

has given rise to some discussion. This term is Hama, which some
commentators describe as a water-vessel ; but Holsteiu contends that

it was a very large hook or grapple fixed at the end of a long

imle. Pliny the younger speaks also of pipes (siphones) being used

to put out fires. Augustus appointed seven bands of firemen in

Rome, earth of which had the care of two divisions (regionea) of the

city ; each band had a captain (tribunus) ; and at the head of the

whole body was the prefect of the watch (Preofectus Vigilum). With
regard to such oontrivanoes as might correctly come under the

denomination of machines, it appears that they originated with

Ctesibius, a distinguisheil (jreek mechanician, who lived in Egypt in

tlie reign of Ptolemy Phila<lelphus. Hero, a pupil of Ctesibius, describes

a sort of forcing-pump with two cylinders, employed for the purpose of

extinguishing fire. Aixillodorus, architect to the Emperor i"rajan,

baa left a deecription of a machine consisting of leathern bottles

wiUi pipes attached to them : when any bottle was squeeted, a jet

of water flowed through the pi|)e, and was thus u.^edto extinguish fires.

Beokmann has found, in the ououunts of m.iiiy uf the German towns,

entries for the cost of machines, the existence of which would be

very problematical without that evidence : thus, in the building

accounts of the city of Augrburg for 1S18, fire-engines are mentioned

under the name of " instruments of fire," or " water-syringes."

But the earliest account on which we can depend of a machine at

all resembling those now in use is given by a Uesuit named Caspar

MioU in 1657. This aooount reUted to a fire-engine made by Hautsoh,

of Kurembcrg. It consisted of a wster-oistem about 8 feet long, 4

feet high, and 2 feet in width ; and was drawn on a kind of sledge

nomewbat larger than the cistern. It was worked by 88 men, and a

stream of water an inch in diameter was forced, by means of this

engine, to an elevation of nearly 80 feet. Sobott supposed that it

eontAined a horir.rintal cylinder, through which a piston worked, and

thus produced A pump-Uks aotion. In 1690 the king of France gave

pstMi-right to Uupsrriar to construct fire-engines, under the name
of poMfti jiwIuXin , or portable pumps, and to keep them (17 in

number) in repair and working order. Twenty-tbres ysan afterwards,

the number of pumns amounted to SO, the muiagament of whlofa eost

20,000 Uvres annually.

There are two important parts of a fire-engine which do not appaar
to hsTB been brought into use for some time after such maooines
becams gMieral : we mean the flexible hose or tube, and the air-

obamber. Hautsch's engine, however, poaseaed the former, but not
the latter. The purptwe of a flexible tulie is obvioiis, for it enables

the operator to carnr the stream of water in any direction from tlie

engine ; whereas without it the sphere of the engine's use is limited,

from ttie impoesibiUty of carrying the engine itself through narrow
passages, lut. The air-obamber is a oontrivance which dependa for its

value on the increased eUsUoity of air when eompreaaed into less than
its usual bulk. It is not exactly known who first applied this im-
provement ; but an engine containing an air-chamber is stated by
Perrault to have been kept for the protection of the king's library at

Paris in 1684. The first introduction of them, however, for common
tise appears to have occurred about the year 1720, when Leupold con-

structed engines consisting of a cop|>er box securely doeed and well

soldered : each one weighed about 1 6 pounds, and ejected a continuous
jet of water to a height of 20 or 30 feet. 'This engine contained one
cylinder and piston. The adaptation of leathern pipes was devised by
two natives of Holland, both of whom were named Jan Vanderbeide,
and who were inspectors of fire-engines at Amsterdam in 1672. Five

years after the invention, a twenty-five years' patent for the privilege

of making those pipes was granted to them ; and in 1695 sixty of them
were kept in the city, of which six were to be used at each fire.

After the introduction of these engines into England, improvements
were from time to time made in them, by Dickenson, Simpkin,
Phillips, tXirst, Newsham, Rowmtree, Merryweather, Baddeley, Shand,
Mason, and others; but from the time that the air-chamber was
introduced the principle of construction has been nearly the sam* in

all of them, the points of difference being principally in minor details.

In briefly describing one of the old engines, therefore, on the con-

struction of Newsham, we shall convey a general notion of the mode
of action of roost of them, without touching at present on the nicer

points of difference.

The body a {Jig. 1.) incloses the greater part uf the mecbanism of

the engine. Along the lower {lart runs a metallic pipe, into which the

water flows from the feed-pi(>e u. If a supply of water cannot bo

obtained in this way, a cistern, c, is filled by means of buckets; and at

the junction between the cistern and the interior pipe a grating or

strainer is placed, to free the vrater from dirt, gravel, &o. The water

having entered the interior pipe, is forced into the air-vessel by two

pumps contained within the body of the box D, and from the air-

vessel is forced into the pipe r, connecte<l with the leathern hose by

which the propelled water is directed to the pro|)er ]>oint. . The two

pumps are worked by a doul>le lever connected with two long handles,

KEEK, which are conveniently placed for being worked by several men.

The working is aided by one or two men, who stand on a cross-lever

near r, and throw their weight alternately on each side, holding by the

handles at o. At K, is a handle which turns a cook or valve, thereby

regulating the supply of water to the interior pijw through the feed-

pipe B. In Jiy. 2 we give a section through the middle of the air-

chamber and one of the pump-barrels, a is the air-vessel, from the

top of which proceeds nearly to the bottom a tube B o, open at both

ends. The air-obamber and tube are in communication witli a

horizontal pipe, D, which o|)ens by two branches into two pump
cylinders, one of which is seen at r. Through this cylinder works the

piston E, which is connected by the piston rod u with a toothed-wheel

at the upper part ; to which wheel a reoiprooating motion is given by

the exterior levers to which it is attached. The horieontal pipe u,

besides Us oommunication with the air-vessel and the pump-barrel, is

also open to another horizontal pijio a, which is connected at the other

end with the feed-pipe shown in the former figure. These commu-

nications however are closed at different parte of the operation by two



85 FIRE-ENGINE. FIRE-ENGINE. 8«

valves, one of which opens upwards from the pipe H to the pipe D
;

and the other also upwards from D to the air-vessel a. At the point i

Fig. 2.

in the lower pipe is situated ibe cock, the handle of which is seen

at L.

This being the relation of the parts to one another, let <is now
suppose the piston E and its rod o to have a reciprocating motion.

The air chamber being full of air of the ordinary atmospheric

density, we will suppose the piston to be drawn up to the top of

the pump cylinder P. The piston draws up »nth it the air which the

cylinder contains, and thus creates a partial vacuum beneath. The
valve between the two pi])e3 having now a stream of water pressing

it upwards, while the sjiace above it contains rarefied air only, the

valve is forced open, and the pump-barrel r and the pipe D become
filled with water. When the returning stroke of the lever forces the

piston down to its former position, the water is driven before it into

the air-veaeel a. At the second upward motion of the piston a partial

vacuum is again produced beneath it ; but the water now contained in

the air-vessel cannot return to fill that vacated space, on account of

the mode in which the valve opens. A fresh supply is therefore

gained, as before, from the pipe u through the valve communicating
with D. This supply is, by the subsequent downward pressure of the

piston, forced into the air-vessel, in the same manner as the first

portion. The air in the air-vessel has no communication with the

external atmosphere except through the pipe B c, which is fitted air-

tight into the neck of the vessel at B. When the water ascends in

this venel above the bottom of the tube at c, the air above that level

becomes compressed into a smaller space, as all escape is guarded
against. With this compression its elasticity is also increased in the

same ratio ; and the effect of that increase is to drive the water up the

tube. The velocity and height depend upon the compression ; but as

long as the density exceeds that of the external air, so long will the

water be forced up the tube ; and thus a continuous stream is insured,

which is the object desired. If the condensation be carrried to a

greater extent, the height to which the water will be ejected will

increase in the same ratio ; so fhat, if the bulk of the confine<l air

were reduced to one-third, one-fourth, or one-fifth of its original bulk,

the ascensive power gained would be about 66, 99, or 132 feet

respectively.

Such are the simple principles of the old fire engines. It need hardly
be said that improvements have since been introduced in every part.

Contrivances are now used for preventing mud and gravel from entering

the engine by the feed. Some engines, entirely of metal, have been
made by Mr. Tilley. Merryweather's small or portable engines are

provided for the special protection of public establishments and Urge
mansions. The leathern hose or tubes, usually sewn up at the side, are

sometimes fastened by means of metallic rivets. The Americans have
devised a mode of weaving cotton tubes for engine-hose ; a machine has
been invented that will do this at the rate of 1000 feet per day ; the
tubes are only one-tenth the cost of leathern hose ; and if two concentric
tubes of this kind be cemented together with caoutchouc-solution, they
are said to be even more durable than leather, and to require no oiling.

Much ingenuity has been shown in devising a form of boss or nose for

the end of the hose ; the boss contains many small openings for the
exit of the water ; and Bramah, Baddeley, and other engineers, have
BO costrived thcHe terminal pieces as to direct the play of the stream
of water in any direction in a burning apartment. Captiin Fowke's
fire-engine, patented in 1859, dispenses with a cistern, and can hence
be conveyed npidly, on accoimt of its light weight. It has a pair of
single-action force-pumps, fitted with metal valves ; a suction and
delivery air-vessel ; hose, to draw water into the pum|)S ; and lever-

handles, to force it out. It may be drawn by hand, or connected with
a carriage drawn by a horse. A fire-engine of great power was made
for the Londim bocks some years ago, with working barrels eight
inches diameter ; it would throw a jet eighty feet high, when worked

perpendicularly. Many other fire-engines of great magnitude have
since been constructed.

Mr. Braidwood, superintendent of the London Fire Brigade Establish-

ment, read a paper before the Society of Arts, in 18fi6, in which lie

said :
—" The description of iire-engiues found to answer best in the

metropolis are those with 7-inch barrels and 8inch stroke, throwing,
at the ordiuaiy rate of working, about 90 gallons of water per minute.
If a larger engine is thought desirable, two of these can be easily

joined together in one stream, giving 180 gallons per minute. This
size is preferred, because the weight, with hose, implements, firemen,
and driver, is about 30 cwt., which is as much as two fast horses can
manage for a distance under six miles. It is not often that the engines
are required to travel further than this ; when they are, four horses
are used. For some years past, a hand-pump has been canied with
each engine ; they having been found of the greatest sei-vicein keeping
doors, windows, &e., cool. They throw from 6 to 8 gallons per minute,
to a height of 30 or 40 feet, and can be xised in any position. The
idea of these hand-pumps was taken from the old-fashioned squirt or

hand-engine."

Down to the year 1825 all the Fire Insurance Companies of London
had their separate establishments of fire-engines ; but in that year the
Sun, the Union, and the Royal Exchange Companies joined their fire-

engine establishments, which were placed under one superintendence.
Soon afterwards the Atlas and the Phoenix Companies joined the
association. The advantage of this combined system of action having
been proved, mo.st of the remaining companies joined in 1833, and
formed a tiew association, which was to be managed by a committee,
formed by one member from each of the associated companies. London
was divided into a certain number of districts, in each of which were
two or more stations provided with engines. The plan has worked
well ; more companies have joined the association; and it is found
that all are benefited. The firemen are formed into a corps, called the
Jirebrigade, which is under the efficient control of Mr. Braidwood,
as superintendent. The men are clothed in a uniform, with stout
helmets; and a certain number of them at each station are ready
at all hours of day or night. Each company pays its quota towards
the expenses of the fire-engine establishment. A very marked im-
provement has resulted in the capability and working of the engines.

It may here be observed that, in by-gone years, the parishes of

London provided fire-engines, under the compulsory provisions of two
Acts passed in 1768 and 1778. About 300 of these small parish-

engines still exist, but they render very little assistance at fires ; it is

found that the insurance companies, with their well-organised brigade,

manage the business much better. The brigade now possesses about 30
large engines, and 10 or 12 smaller drawn by hand. It has a well-

drilled staff of upward^j of a hundred engineers, sub-engineers, firemen,

and drivers. There are about twenty stations in the Metropolis, each
with one to four engines, and a proportionate staff.

The remarkable aptness and celerity of the men composing the
London Fire Brigade enable them to render an amount of service

truly surprising. The police, cabmen, and poor persons out at night,

are always ready to give notice at the engine-stations when a fire occurs
—since they receive a fee for so doing ; and thus the necessary intelli-

gence is conveyed as quickly as in continental cities, where there are
night-watchmen cm elevated buildings to look out for fires. When the
superintendent or foreman at any one of the twenty engine stations

hears of the locality of a fire, five minutes' time is deemed sufficient to

horse and away. Each of the large engines carries an engineer, four

firemen, and a driver, besides the following apparatus :— several

lengths of scaling-ladder, each 6 4 feet long, all of which may be readily

connected end to end, forming in a short space of time a ladder of any
required height; a canvas sheet, with 10 or 12 handles of rope round
the edge of it, to ser\'e as a fire-escape ; one 10-fathom and one
14-fathom piece of 2 J inch rope ; six lengths of hose or leathern water-

pipe, each 40 feet long; two branch-pipes, one 24 feet, and the other

4 or 5 feet long, with a spare nose-pipe ; two 6-feet lengths of suction-

pipe ; a flat rose, stand-cock, goose-neck, dam-board, boat-hook, saw,

shovel, mattock, pole-axe, screw-wrench, crow-bar, portable cistern, two
dog-tails, two balls of strips of sheepskin, two balls of small cord,

instruments for opening the fire-plugs, and keys for turning the stop-

cocks of the water-mains—the whole, with the men and the engine,

weighing nearly 30 cwt.

On the Continent, and in America, the fire-engines are not managed,

as in England, by fire-insurance companies ; it is with them more of a

government affair. In Paris, tht-re are seven times as many firemen

{mpeurt-pampiert) as in London, notwithstanding "the smaller area and
population ; and yet the bystanders are compelled by law to aid in

working the engines. In the Unite<l States, fire-companies of volun-

teers are formed in many of the towns ; the members receive, not pay,

but certain immunities from taxation and militia service. The
annual parade-day of these companies is quite a fete, to which the fire-

companies of other towns are invited, and at which competition trials

of engines are made. Each company wears its own distinct uniform.

Sometimes 36 companies of 50 men each have met. The prizes are

usually awarded to the firemen of those engines which discharge a jet

of water to the greatest height; in recent years a height of no less than

1 50 feet has been reached, by an cn-pne with 10-inch cylinder. During

the continuance of the Paris Exhibition in 1855, the engine-makers of
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London, Puit, CmiU, uid the United State*, pUced botween twenty
and thirty Uii^e engine* in competition, to t«*t their power* for the
•*ti*i>ction o( one of the juriea,

A few words miut be aid eaaoenunc the Ueam firS'^ngine. This
wa* first employed at a fire at the Ai^tl Rooinii, in London, in 1830,

and diaplayed great power in throwing the water ncainiit the building.

The fumaoe uid boiler of thin engine were simikr to thoee of the
' Novelty,' a loeotnotiTe engine c»niitnicted by the lame engineer for

nilway traiBe. The pipe by wliich the water waa jetted turned on a
Kwivel, liy whirh meaoa the atreani oould l<e directed to any quarter.

The cylindcra were plaoed horixootally, and the Bteam-piiton wa* con-

aaotad with the water-pump plunger by a rod working through two
tuAng boxes. Thia engine, the total weight of wIul'Ii did not exceed

46 cwt., coniumed 3 bu^iuU uf coals in S hours, by which expenditure

it wan enabled to throw out from 30 to 40 tons of water per hour,

which it propelled to a height of upwards of 80 feet, and on one ooca-

rion to 90 feet. Another engine, on the sauie construction, by Mr.
Braithwait*, po**e**ed 10-horae power (the former being about 6), and
ejected the enormous quantity of 90 tons of water per hour. In 1 832
» ateam fire-engine was made for the king of Prussia by the 8.-une

engineer, in which tlie steam could be got up in 20 minutes to a
pressure of 70 lbs. on the square inch. This engine ejected the wnter
through a pipe H inch in diameter to the height uf 115 or 120 feet

:

the number of stroke* of the piston was 18 per minute, and the body
of water ejected about 1] ton in that time. The power of steam was
likewiie applied to a /oating fire-engine by Mr. Braithwaite, the
machinery of which is so constructed, that the power of the engine can

be at once changed from pro|ielling the Te<eel to working the pumpi>. and
thus do double duty. The London Fire Brigade Comniittee hare
recen< ly turned their attention to this subject. Their first attempt
waa to alter a floating fire-engine which had been w^urked by manual
power ; and this was so well done, that the engine poured out 700
gallons per minute under a pressure of 70 or 80 lb. on the square inch.

Anotherwas thereupon constructed capablu of throwing 1 400 gallons per

minute, and of moving at the rate of eight miles an hour, when pro-

pelled by the reaction of two jets 10 inches in diameter, driven by one
of Appold's pumps. The vessel built for these engines is 130 feet

long, with pumps and engines placed on the starboiuxl and larboard

sides of the midships. At Cincinnati large steam fire-engines have
teen for some years used ; and the good service they render partly

induced the London companies to revive and improve upon the old

invention of Braithwaite. Competition trials of ste.'un fire-engines

have taken place in New York ; one of them in said , at an extensive

fire, to have poured out 15,000 barrels of water in 84 hours. Messrs.

Sband and Mason have recently produced a new steam fire-engine in

London, for use on land.

FIRE-ESCAPE. Numerous contrivances have been brought under
public notice from time to time for saving the Uves of persons who
may be in a building while it is burning. Mr. Mnseres devised a kind
of chair of straps, by which a person could lower himself from a
window. Mr. Davis, in 1809, propoeed the use of three ladders,

which might draw out like a telescope, and might reach from the

groimd to the upper windows of a house. Mr. Young, in 1813, cmi-

trived a sort of rope-ladder, with iron roimds of very flexible con-

struction. Mr. Braby, in 1816, invented a sort of long pole, down
which a car or chair might travel from a window to the ground.

Mr. Witty, in 1820, introduced a sort of bag or case, which may be
lowere<l from the sill of a window by ropes governed by a person
seated in the hag. About 1835, Mr. Ford recommended the use of a
long pole, at the upjier end of which is tackle for lowering persons

from a window ; and soon after, Mr. Merrywcather contrived a series

of short ladders, which fit on to each other end to end, and can be
dented to a considsrable height quickly.

But the fire-esc^M which has come most into use in London is a
wheel-carriage supporting a lofty canvas shoot or trunk, attached to a
ladder or frame ; when placed up against a house, a person can get
into Uiis trunk from a window, and alide safely down to the bottom,
with the aid of some ingenious mechanism attached to the frame.

Many such machines are kept in pubUc places in London during the
ni^t, attended by men whose busmeas it is to wheel the machines to

•ny spot where life is endangered by fire, and to work the machines.

A Report wa* presented to the city corporation in 1840 from the
police commissioners, descriptive of thirty plans for fire-escapes, which
had been proposed by different parties. They were of three classes :

—

lai. Machines intended for domestic use only, to be resorted to by
jtim.tj. of houses in cases of fire ; 2nd. Machmes to bo used from the
outside, and made to combine the security of property with the pro-

tection of persons ; 3rd. Machines exclusively for the protection of life

from fire, to be used out of door* under the re*i>on*ible direction

of the police. Among the thirty were Dsvii's effective but rather
ponderous machine ; Wivell's, with the canvas trunk ; and Gregory's

sliding Isdders on a carriage. It was considered that, whichever may
be the best form in wide thorou^fores, the common fire-ladder*

carried with the engines of the London Brigade are the most generally

useful in courts and confined situation*. A suggestion was made in

18S8, that it would he a good plan if in every house was kept a strong

board with a band-rail, and a hook at each end ; by banging one end
outside the window •( a burning house, and the other to the window of

an adjoining house, a temporary bridge or balcony might be formed
Independent of other difficulties, however, there would always be the

uncertainty of such a contrivance being in the right place at the right

time. Another suggestion has been made, that each street or group of

houses should possess a wire basket ; that there should be a bracket

fixed at the top of every house-front, projecting two feet ; and that

the police should be provided with some kind of rocket to aend a rope

over the bracket, and thereliy haul up tlie basket. A third suggestion,

of recent date, is that of Mr. Meakin ; he proposes to fix two wire-ropes

to strong hook* in the front wall of a house, to raise a kind of cradle

on these ropes by means of pulleys, and then to govern the descent of

the same cradle by the same ropes and pulley*-

None of the modem suggestions, however, as remarked above, are

regarded as of eqtial value with the long ladder and canvas bag, used

by the Societv for the Protection of Life from Fire. The services

rendered by this society can t>est be shown in reference to the nature

and extent of London fires. Mr. ^'other^U, of the Westminster

Insurance Offioe, read a paper before the Institute of Actuaries in

1857, in which he presented a tabular view of all the Ix>ndon fires

for twenty-four years, from 1833 to 1856. His object was to ascertain,

if possible, the reUtive intensities of the cavises of fire in each par-

ticular trade or occupation ; with a view of rendering the return of

annual fires by the London Fire Brigade Establishment in some way
useful to the office-inspectors and surveyors of risks. His Uboun were
much thwarted by the fact that two-thirds of all fires are attributed

to "causes unknown." In those 24 years there bad been 17,816 fires

in London, or 742 per year on an average, or about 2 per day. Of
these, in about 4 per cent, the premises were " totally destroyed

;"

30 per cent. " much damaged ; " and 66 per cent. " slightly damaged."
Among the assigned causes of the accidents,, some of the most
peculiar were " thawing water-pipes "—"bottle of whiskey burst"

—

" sealing a letter "—" fiying fish
"—and " hunting bugs." The extent

of the insurance principle may be illustrated in reference to the year

1866, when there were 1115 fires in London; of these, 818 had the

buildings and contents insured, 106 the buildings only inmired, 344
the contents only in»ure«l,.'»nd 347 wholly uninsured.

The society above named has provided fire-escapes in various parts

of the metropolis. The operations first commenced in 1836, since

which time fire-escapes have been established in new districts every

year. There are now upwards of 70, situated about half-a-mile ajrart.

each attended throughout the night by a conductor. Of the total

number of fires (1114) in 1858, more than 500 were attended by the

society's fire-escapes, and 57 lives raved by their means. At one of

these tires one man saved no fewer thin 9 lives. In the preceding year

(1857) the society's men saved 73 lives ; and in the whole period of

operations 497,—a useful work for a society resting on no other basis

than that of private subscriptions. The society has published the

following description of the fire-escape employed, with sundry improve-

ments lately introduced :
" The main ladder reaches from 30 to 35

feet, and can instantly be applied to most second-floor windows by
means of the carriage-lever. The upper ladder folds over the main
ladder, and is raised t'.isily into position by a rope attached to its lever-

irons on either side of the main ladder ; or, .is recently ndopte<l in one

or two of the e8cai>e8, by an arrangement of pulleys in lieu of the lever-

irons. The short la<lder, for first-floors, fits in under the carriage, and

is of the greatest service. Under the whole length of the main ladder

is a canvas trough or bagging made of stout sail-cloth, protected by an

outer trough of copper-wire net, leaving 8\iflicient nuira Iwtween for the

yielding of the canvas in a jwrson's descent. The addition of the copper-

wire is a great improvement ; as, ultliougb not atfording an entire pro-

tection against the canvas hilling, it in most cases avails, and prevents

the {Mesibility of any one filling through. The soaking of the cain-OK

in alum and other solutions is also attended to ; but this, while pre-

venting its flaming, cannot remove the risk of accident from the fire

charring the canvas. The available height of these escapes is about

45 feet; but some of them carry a short supplementary ladder, which

can be readily fixed at the top, and which increases the length to

60 feet."

FIRE, GREEK, an invention of the middle ages which was often

employed in the wan of the Christians and Saracens. This subject

has ^ven rise to much inquiry and excited much discusxion ; the

obscurity by which it is envelo|)ctl h.'w l>een greatly increased by many
causes, snd especially by the love of the niurvellouH.

According to Gibbon the deliverance of Cunstnutiuopic in the sieges

of the 7th and 8th centuries " may he chiefly ascribed to the novelty,

the terrors, and the real efiicacy of the (ireek fire. The important

secret of compounding and directing this artificial flame was im)K>rtpd

by Callinicus, a native of Heliojwlis in Syria, who deserted from the

service of the caliph to that of the emperor."

It is justly observed by Gibbon (' Dec. and Fall, ch. 52), that "the
historian who pesumea to .analyse this extraoixlinary composition

fbould suspect his own ignorance and tliat of his Byzantine guides,

so prone to the marvellous, so careless, and in this instance so

jealous of the tnith. From their obscure and perhaps fallacious hints,

it should seem that the principal ingredient of the Greek fire was
naphtha, or liquid bitumen, a Ught, tenacious, and inflamuiable oil

which springs from the earth, and catohea fire as soon as it come!)

in contact with tlie air. The na))htha was mingled, I know not by
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what method or in what proportion, with sulphur and with the pitch

that is extracted from evergreen firs." One of the properties here

stated to belong to naphtha is well known to be, and indeed is,

obviously incorrectly ascribed to it ; if it were spontaneously inflam-

mable it could not even be collected, and of course could not be
mixed with the other ingredients which ai'e named. Whatever may
have been the precise nature of the mixture, the account of its

effects, from which somewhat of the marvellous must be deducted, is

thus strikingly portrayed by Gibbon :
" From this mixture, which

produced a thick smoke and a loud explosion, proceeded a fierce and
obstinate flame, which not only rose in perpendicular ascent, but like-

wise burnt with equal vehemence in descent or lateral progress : instead

of being extinguished, it was nourished and quickened by the element

of water ; and sand, urine, or vinegar were the only remedies that

could damp the fury of this powerful agent, which was justly denomi-
nated by the Greeks the liquid or the marthme fire. For the annoy-

ance of the enemy, it was employed with equal effect by sea and by
land, in battles or in sieges. It was either poured from the ramparts

in large boilers, or launched in red-hot balls of stone and iron, or

darted in arrows and javelins, twisted roiuid with flax and tow which
had deeply imbibed the inflammable oil. Sometimes it was deposited

in fire-ships, the victims and instruments of a more ample revenge, and
was most commonly blown through long tubes of copper, which were

planted on the prow of a galley, and fancifully shaped into the mouths
of savage monsters, that seemed to vomit a stream of liquid and con-

snniing fire." According to Gibbon, the secret of the Greek fire was
confined above 400 years to the Romans of the east ; it was at length

either discovered or stolen by the Mohammedans, and in the holy wars

of Syria and Egypt they retorted an invention contrived against them-
selves on the heads of the Christians. The feu Origenit, as it is styled

by the more early of the French writers, is thus described by Joinville

:

" It came flying through the air, like a winged long-tailed dragon,

about the thickness of a hogshead, with a report of thunder and the

velocity of lightning ; and the darkness of the night was dispelled by
this deadly illumination." The use of Greek fire was continne<l to the

middle of the 14th century, when the more eflicient employment of

gimpowder was substituted. When Ypres was besieged by the Bishop

of Norwich in 1 383, the garriiion defended itself with Greek fire. In a

curious paper on the subject of Greek fire by the late Dr. MacCuUoch
(' Royal Inst. Journal,' vol. xiv.), he remarks that very different things

were known by one name ; and he supposes the various projectile

means and combustibles employed to have been essentially different.

FIREPROOF CONSTRUCTION. A buUfUng is said to be fire-

proof, when it is constructed of incombustible materials; but it is

eanntial to observe, that the danger arising from fire cannot be obviated

entirely, even by the most theoretically or practically incombustible

construction ; and that conse(|uently it is necessary, not only to obser\-e

the ordinary precautions against the destruction by fire of goods kept

in such buildings, but also to guard against the effects of extraordinary

heat upon the really incombustible materials of which the buildings

themselves are formed. In the following notice, therefore, a description

will be given of the materials which are the most fitted for the erection

of fireproof buildings ; and attention will subsidiarily be called to the

danger and inconveniences to which they are exposed in actual practice.

The conditions required to be fulfilled by the materials to be em-
ployed in the erection of firepro<jf buildings are, that they should not

only be unable to bum imder the action of ordinary heat ; but that

they should also be, as far as possible, non-conductors of heat ; that

they should not expand or contract in a marked degree \mder the

influence of changes of temperature, and that they should neither be
exposed to fuse, nor to undergo chemical decomposition,when submitted
to the action of fire. Of course all woods are excluded from the class

of incombustible materials ; but it must be evident, from the enume-
ratir>n of the conditions those materials are required to fulfil, that the
plasters, cements, limes, some varieties of bricks, and stones, cannot
safely be trusted when they are likely to be exposed to great heats

;

and that the metals are equally objectionable, because they not only
transmit heat readily and alter greatly in their dimensions, but also

because sudden and great changes of temperatiu'e affect their powers
o{ resistance, and even occasionally cause them to change their form
entirely. The plasters and limes used in building owe their strength
to the molectilar adhesion originally produced by the solidification

which takes place in the course of their hydration, and is subsequently
increased by the gradual absorption of carbonic or sulphuric acid gas
from the atmosphere. A very low temperature, comjiaratively, will

suffice to destroy this state of combination, and to drive off both the
gases and the water of crystallisation to such an extent as to destroy
the cohesion of the mass. It is for this reason that the French planter
flooi;^, or the English concrete floors (whether made with a lime or a
cement base), are not able to resist the effects of great fires, althot;gh
they may be sufficient to render ordinary dwellings practically fireproof

;

and for the same reason, brick vaulting itself is not entirely to be
relied upon, when the area it covers is great, and there may be large
quantities of combustible materials stored beneath it. Of the building
stones, it would appear that the sandstones are more adapted for the
purposes of fireproof construction tlian the limestones, because the
latter become calcined under ereat heats ; nevertheless, both limestones
and Handstones are injuriously affected, both by the fire and by the

water which is so profusely used on the occasions referred to. The
sudden contractions produced by the application of cold water cause
even granites themselves, about the most infusible of building materials,
to fly, as workmen say, or to crack ; and the same danger exists

wherever metals are employed, even in a greater degree than when the
less rapidly conducting materials are used.

It follows, from these considerations, that the security offered by
any system of fireproof constnictions must depend greatly upon the
extent of the conflagration which may take place in them. As a fire-

proof building ought to be without any communication with sur-
rounding buildings, and to have very small openings to the air in the
majority of cases, it really acts in the manner of a retort upon the
goods which may happen to be in combustion in its interior. It there-

fore is essential that the cubical capacity of any isolated incombustible
compartment or building should not be large enough to allow a fire to
take place which should be able to destroy the physical properties of

the building materials employed; and it is to the neglect of this

simple precaution that we may attribute the fact that whenever a fire

does take place amongst the goods stored in incombustible buildings,

the destruction of the goods themselves is entire, and that the stability

of the building is so likely to be compromised. Some goods, such as
cotton, wool, &c., are liable to spontaneous combustion ; and if such
goods should be stored in large quantities in one building, the security
afforded by the supposed fireproof characte» of the materials of the
latter wiU too often be found to be fallacious. Some of the most
destructive fires have actually taken place in fireproof buildings ; and
nothing can be more striking than to observe the unaccountable changes
of form produced in the iron, stone, or brick, exposed to the action of
large masses of incandescent materials thus enclosed. Cast iron appears
to be far more injuriously affected in these cases than wrought iron,
especially when it is likely to be suddenly chilled by the cold water
pumped upon the burning goods. Wrought iron, however, loses its

elasticity when heated, and is exposed to change its form under the
action of loads it would otherwise have easily supported.

These remarks apply especially to warehovises ; but in ordinary
house or shop construction it rarely happens that a sufficient quautity
of goods is contained in any one compartment of the building to entail
any extraordinary danger. If, therefore, the walls of such hojises be built
of good brick or stone ; if iron be used instead of wood for girders,
lintels, bressummers, &c. ; if the roof be entirely of metal, and the
floors of either brick-work, tiles in cement, stone landings, or of plaster
or concrete ; the houses will be, for all practical purposes, fireproof.

These materials are, however, all of them good conductors of heat ; and,
as such, they require, in dwellings, to be covered with wood, or some
other material which should be able to obviate the unpleasant feeling
produced by their being exposed. The danger of the combustion of
such woodwork may be materially dimmished by the application of a
soluble glass to all the exposed surfaces ; and care should be taken
that none of the wood runs so far into the solid walls as to affect their
stabiUty, either in consequence of its being burnt out, or on account
of the chemical changes produced by the heat. The resinous woods
being more rapidly inflammable tlian oak, or the harder woods, such
as mahogany, teak, rosewood, &c., are less fitted for the purposes of
lining fireproof structures than are the latter ; and it is perhaps on
account of the general use of oak floors in Paris that so few fires occur
in that town, in comparison with those which occur in London, where
fir floors are almost exclusively used. It may be added, that one of the
greatest sources of danger in ordinary house building arises from the
use of wooden staircases, which serve to conduct the fire from one floor

to another. As a general rule, moreover, it will be found that the
thickness of party walls which is requisite to ensure the statical

stability of a building will be suflicient to prevent the communication
of any ordinaiy fire from one house to another : provided always that
no timbers be allowed to be inserted in such walls, or at least that
solid non-combustible materials of at least nine inches in thickness
shall always be placed bet\yeen the ends of the timbers thus let in.

Great care should be taken, when artificial methods of warming are
adopted, to isolate the timbers or joiners' work from the pipes or

passages by which the heat is distributed ; for the effect of the proximity
of wood-work to such heat passages is to dessiuate the wood thoroughly,
and to render it highly inflammable. The same remark would of

course apply, mutatia mutandis, to the combustion of gas near wood-
work ; and it is desirable in all these cases that a sufficient non-
conducting cushion of air should be, as it were, interposed between the
source of heat and the wood-work.
FIREPROOFINO. In this article we shall briefly describe three

modes of shielding combustible articles from the ravages of fire, under
the sub-headings Fireproof Jiepoiitoriei, Fireproof Woodwork, and Fire-

proof Textile Goods.

Fireproof Repodtories.—By this we do not mean houses or buildings,

rendered fireproof by peculiar modes of construction ; these are treated

in another article. [Fireproof Buildings.] We speak of iron cham-
l)ers, coffers, or boxes, for containing valuable property. It was not
until the present century that such receptacles were regularly and
systematically made. A few may have been constructed as special

examples of ingenuity ; but the manufacture had not yet become a
regular branch of trade. The old treasure-receptacles were oak chests,

secured by one or more locks^ or brick or stone closets, with wooden
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(loon ituddad with lutU, *od futened by lucks, or «ta|Jai uid iwdlucka.

The orown jaweli of SoutUnd were placed in a itrong oak ohert in the

7«ar 1707 ; it bad three look*, aoa when required to be opened in

preeenca of a body uf royal oommiaaionen in 1818, it bad to be forced,

on account of the low <rf the key or key*. Iron oolTen of elaborate

ooiMtnirtion were known on the Continent before being common in

England,—poeaibly on account of the aj-stem of hoarding treaaure,

more ctiHtouiary in countriet where oommeroial euterpriae ia languid

Wolverhampton, Uimnngham, and Coalbrook Dale began the manu-

facture of caat-iron aafra ; London alone made tiioae of wrought iron

till 1835, ainee wbidi year they have been made alao in the north.

Thece aafee, howerer, were not in the first instance put forth aa fire-

proof ; there was nothing to prevent them, when red-hot, from burning

the papers and charring the (larcbmenta inclosed in the.m. It was in

18S4 that the fireproof princiiile appears to have been first a<lo|)ted,

under Marr'a patent. Suice that date, Bramah, Chubb, Milner, HobVis,

Price, Tann, and oUier manufacturera have brought great ingenuity t»

bear on this subieci. There are several requiaitea fur a good fireproof

safe. The iron should be of such a thickness as to prevent the safu from

being broken open by violence, or injured by a fall or other casualty

during a fire. The door should be so closely fitted that no forcing

instrument could be introduced between its edge and the framework

into which it closes. The iron plates should bo so prepared as to

resist the action of drills^ whether made for the purpose of taking out

the small lock or of inserting gunpowder to shatter it. The largo luck

should be so made that, even if holes were drilled through the (Uwr,

no space would be found iniiide the cose to contain sufiicient gun[)owder

to explode it. The cose containing the lock should fit the interior of

the safe as tightly as possible, to exclude the external heat in case of

fire and the escape of the moisture from the fire-resisting composition

within. The inside case, forming chambers for containing the fire-

resisting substance, should fit the inside of the bixly tightly, to prevent

the undue escai>e of the vapour when in a fire ; this case, also, should

be so secured to the outer frame that no violence exerted on the door

would force the removal of the lining or casing. The fire-resisting

composition should be of such a nature and should be so placed as not

to exert any injurious effect upon the iron when heated. It need

hardly be added, that the large lock which closes the dour, and the

small lock which secures the bolt, should be free frum liability to dis-

arrangement, likely to wear well, and not easily picked. All the

modem fireproof safes contain a sort of lining of fireproof composition,

which has a remarkable effect in arresting the progress of heat from

with<iut inw.->rd«. Of course no safe could resist an unlimited heat for

an unlimite<l time ; but the modem makers are very successful in

manufacturing safe* which will preserve their contents unharmed
during the destruction by fire of the building in which the safe is

phuied. There is an absorbent substance, such as sand or sawdust,

and there are small vessels containing some kind of liquid ; the heat

from an external fire, acting on the liquid through tlie iron, biu^ta the

vcaiels, saturates the absorbent substance, and greatly retards the

heating of the interior. Some of the safes are painted on the inside

with a peculiar composition, to prevent the meUl from being oxidised

or corroded by the action of acids employed to prutluce the moisture

;

and'tjie exterior of the iron is caae-hardeued, or rendered like steel, to

unable it to resist the action of drilling-intruments. Triple thicknesses

of iron, mica linings, vitreous glazings,—all are used in different forms

of safe ; and the absorbent composition used for a stufBng or damper

exhibits great variety,—burnt clay, powdered charcoal, dust, fragments

of stone, baked wood ashes, coarse sand, small gravel, sawdust, bone-

dust, ground alum, gypsum, Austin's cement, combined two or more

together, with or without provision for moistening them when heated.

Some of these fireproof receptacles have recently been constructed of

great magnitude. One vras made by Messrs. Chubb in 1858 for the

Vancouver branch of the Bank of British North America. It was

7 feet high, 94 feet deep, and 7 feet wide. It was made of wrought

iron, lined with a fire-reaistiug composition. It was, in fact, a chamber,

containing nineteen separate and distinct lock-up Kifes, besides shelves

for books and pa|>erH. On the exterior it hod two large folding dours,

liaving three dutt-ctur locks, and tlu-owing thirty bolts all round. The
variotui pieces, weighing 14 tons in all, were sent out separated, to be

bnilt up at the place of destination. A partner in thia firm, after the

disaatroua loss of the gold-laden ship Royal Charter, wrote to one of

the public journals in the following tenns :
—

" In oceon-sbiiw the

Inillion-room is usually fomied by limng some nook or comer with

strong iron-plates, bolted to, or forming part of, the ship ; so that if

the vend gets on shore and breaks up, the bullion-room necessarily

goes to pieces with it, and the contents ore dispersed. I would suggest

that thoe safes should not be in any way connected with or fixed to the

ship. In case of a wreck or breaking up of the vessel on shore, the

safe would go to the bottom, preserve its contents intact, and be

readily recovered. As a safe four feet square will hold more than

2,rt00,000f. sterling, very little space would be interfered with."

A London solicitor, in a letter Ui the ' Time*,' has pointed out the

desirability of having, somewhere near the courts of law and inns of

court, a public or joint-stock institution for the safe custody of

valuables from fire and depredation. " The main features of my plan,"

he explained, " wouUl Ije to erect two or three fireproof buildiiiKii in so

many localities in London, most omvenient to profewional gentlemen

and othars who may avail thamaalvea of these advantages ; and to have
in aabb building separata strong roowM tor uaj panoM wishing to bav*
the esoluaiv* use of them ; and abo othar puoaa for depoaiting da*di,
aaouritiw, plate, &«., on the reaponaibilit^ and undw tli« gtianbanihip

of tha managers." It ia supposed, aooordmg to thia suggestion, that an
adequate rental would willingly b« paid for such fireproof strongholds.

Finpnxf/ Woodwork.—In the articlu ANKiuii.aToii, Fire, a desorip-

tion ia given of a mode uf extinguishing fire by means »f chlorate of

potaah mixed with sugar—not uaed as a li<|uid to protect woodwork,
but aa a gaa which stifles the flame. We have now to notice a prooeos

which has reoently ocoupiad much attention. Many liquids have been
devised from time to time, for making wo<h1 more or less fireproof.

A mere coating of Uroe-waah will do something towards this end ; and
a wash or craau o( clay in water will act nearly in the same way. In

Maugham's pataot prooeas, dry wood is saturated with an aqueous
solution of phosphate of soda and muriate or sulphate of ammonia

;

the theory or expectation being, that a decompiMition will n .'.

fuUuwetl by an evolution of amuioniacal vapour, nud the formnt

an incombuntible coating on the surface of Uie woikI. .lackKuu'ii | . ^ :.'.

consists in the application of a solution of salts of aine and auiniunia.

Salomon's ]>atent consists in a pectdiar application of two solutionii t<>

the auriaoa of wood ; the first oonaisting of sulphate of alumiiu, glue,

and water ; and tha second of chloride of calcium, glue, and water.

The substance which is now attracting most notice, in connection with

this subject, is silicate of soda. Mr, Abel, chemist to the Wnr Depart-

ment, and Mr. Hay, chemist to the Admiralty, made experiments on this

salt in 1857. A wooden hut, similar in construction to those at Alder-

shutt Camp, was set up at Woolwich Marshee. The immediate purpose

in view was to test Phillips' Fire Annihilator ; but advantage waa aUo
taken of the opportunity to try the efficacy of the silicate of aoda aa a
protector. The officers of the Royal Engineers suggested that if a part

of the hut were thus treated, the result might afford materials for

comparison. This waa done. One portion of the hut waa painted

inside and out with a mixture of lime and alum ; this was not fouu<l

to act as a sufficient protector against fire. Another portion was then

painted inside and out, three times, with a solution of silicate of soda.

Unfortunately for the fairness of the exjwriment, the building waa
constructed with a double boarding ; so tliat it waa only possible to

coat or impregnate each plank on one side. Nevertheless, the value of

the silicate was established beyond a doubt. A large heap of shavings

WOK lighted in the interior of the hut, og.ainst tlie coattnl )>urtion of the

w<W)dwork. The flame played fiercely against the timber for some
minutes, but only succeeded in kindling the edge of one plonk ; and
even that did not blaze, but only smouldered for a short time. By the

heat of the fire the salt waa drawn to the surface of the wood, and
fused, forming a glace upon it. Subsequently, when the whole hut
was destroyed by fire, after unsuccessfiU attempts to extinguish it by
the annihilator, although the fierceness of the flame was such that few
materials coiUd have withstood it, yet several planks remained of the

exterior coated portion. Upon examining these planks, the unpro-

tected surfaces were found to be completely charred ; but this charring

hod extended only to those parts which had not been touched by the

silicate. So far as experiments have yet gone, this salt appears to be

the moat convenient and effective known for the purpose.

Fireproof Textile Good:—Attempts are now being made to impart
something of the nature of non-inflammability to the muslin and other

light materials of which ladies' dresses are ma<le. Very lamentable

calamities from fire have drawn attention to tlie subject ; and at the

Aberdeen Meeting of the Britisli Association, in 185t), certain expe-

riments were described which had been made by Messrs. Versniaim and
Oppenheim. It has long been known that cotton and linen fabrics

may be partially protected from fire by a solution of alum or of

common salt ; but the alum weakens the fibres, and the salt maksa
them harsh and crisp—faults which greatly lessen the value of tha

processes. Experiments showed tliat borax will exert a considerable

preservative effect, but that the material is weakene<l thereby as with

alum. It was next found that phosphate of ammonia exerts the pre-

servative effect without that of weakening ; but here occurred a new-

difficulty : the salt becomes decompo8e<l under tlic heat of the

laundress's iron. Sulphate of ammonia, only one-fourth the price of

the phosphate, was next tried ; it had niost of the merits and the one

defect of its predecessor. Messrs. Yeramanu and Oppenheim at length

hit upon the tungstate of soda, aa a salt which, in solution, imparta a

considerable degree of non-inflammability to textile or woven fabrics,

without weakening them, or rendering them harah au<l stiff, and alao

without liability of having the preservative projiertiea removed by heat

or by washing. 8ince the Aberdeen meeting, the inventors have

arrived at a conclusion that the cheap 8\ilphate of ammonia will suffice

in factories on general waveu goods ; but the tungstate of soda ia better

for domestic use, where the fabric ia likely to be afterwards ironed. It

is evident, from this enumeration of chemical agents, that others of

superior efficacy may probably bo discovered. A new process has just

been announced, the invention of M. Carteron, of Paris, which will

render silk aa well as cotton und linen fabrics incombustible, but the

method has not been publiahed.

KIRK SHIPS. Among the pecuharities of naval warf-ore may l>e

instanced the use of fire Hhi|ui, a class of vessels which are so fitted

with inflammable and combustible substances, aa to take firs in all
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parts simultaneously on the lighting of an attached fuse, the length of

the fuse being adapted to the occasion, and so as to allow sufficient

time to elapse after ignition to enable the firing party to effect a safe

retreat from the conflagration.

Fire ships are at all times a foftnidable means of attack, but espe-

oially so when darkness or log favours their employment. They are

used principally in rivers or roadsteads against ships at anchor. The
Chinese in the late war showed considerable ingenuity in availing

themselves of this mode of surprise and attack, in which so little

exposure of Jife on their side, enabled them to threaten with destruc-

tion a more powerful enemy ; and but for great vigUance on our part,

much disaster to our ships must have resulted. The nature of im-

proved armaments, however, tends materially to protect ships at anchor

from attempts of this kind ; for immediately on the detection of a

suspected fire ship, the iticreased precision of aim, the heavier weight
of shot, and the progressing improvement in naval tactics now develop-

ing, will enable a threatened ship rapidly to destroy and sink any of

the cla«8 of vessels generally used as fire ships, or will disperse into

fragments the framework and materials of tire raifts.

So long as 1.50 years since, fire ships formed part of the regular

establishment of the naval defences of the kingdom. In the ' Navy
List' of 1710, we see the names of five of these vessels, each of which
was armed with 8 guns, to be use<l either for ordinary battle, or in

setting fire to an enemy, as opportunity might offer. Of late years,

however, their use has beea confined solely to the defence of invaded

coasts. No ships of this class are now to be found in the English

navy. Every gunner in the sea service is trained acconling to an

approved system on board H.M.S. Excellent, to so dispose of com-

bustible matter, fuses, fto., as to readily convert any vessel into a fire-

uhip.

{MatpKt BrUannUe Notitta ; Sir Howard Douglas On Naval Warfare

vritK Steam, Ae.)

FIRKIN, a measure of ale, beer, and some dry commodities now
disused. Eight gallons of ale, soap, or herrings, made a firkin, and

nine gallons of beer. But by a statute passed in 1689, the distinction

Jjetween the firkin of ale and beer was abolished, except only in

London, and eight and a half gallons were declared to make a firkin.

In 1803 the ale and beer measures were ordered to be assimilated, and

the firkin now contains nine gallons.

FIRM. [PaRtkemhip.]
FIRMA'N or FIRMAU'N, is the name of the decrees issued by

the Turkish Sultan, which are signed with his own cipher or signet.

Such are the firmauns by which he appoints the various pashas and

other great officers of the state. Finuaun is also the name of a kind

of passport which the pashas are in the habit of granting to travellers,

especially Europeans, by which they enjoin the subordinate authorities

to give the bearer protection and assistance. The " flmuiun of death "

was a sentence of summary execution issued by the sultan against a

pasha, the written order for which was entrusted bo a chiaous, or state

messenger, whose duty it was to see it executed.

FIRST FRUITS (IVimitia;), the profite of every spuitual living

(or one year, according to the v.-»luation thereof in the king's books

[Annates]. They were claime<l by the pope throughout Christendom,

his claim being first asserted in England in the reign of King John,

and then only so far as reUte<l to clerks whom he appointed to bene-

fices. Afterwards, by Pope Clement V. and John XXII., about the

beginning of the 1 4th century, they were demanded from all clerks,

by whomsoever presented. By 25 Henry VIII. c. 20, and 26 Henry
vIII. c. 3, first fniits and tenths [Tesths] were given to the king.

In the thirty-second year of the same reign a court was erected for the

management of them, but it was soon after abolished. Queen Anne
gave up the first fruits to be applied towards the augmentation of

small livings. [Behemok.J
First fruits arising in Ireland were by Geo. I. c. 16, to be applied

for the same purpose ; but by the 3 & 4 Will. IV. c. 37, the payment
of first fruits in Ireland is abolished.

FISC, FISCU8, was the name given under the Roman empire, and
afterwards in the monarchies which rose on its ruins, to the private

treasury of the sovereign, as distinguished from asrarium, or the

treasury of the state. The fiscus was chiefly replenished by tines and
confiscations, and unclaimed property of deceased persons : the taxes

.and other revenues of the country were poid into the eerarium. Under
absolute monarehies, however, the two treasuries have been often con-

founded both in name and in reality. Under the feudal system, fiscus

regius and fiscales tetTci! signified the domains of the crown, and the

peasants attached to those domains were called flscalini. Fiscus by
degrees came to be used figuratively for the rights of the crown in

civil u well as criminal matters, and the king's attorney was called

procvrator fisci, prjcureur fiscal in French, avvocato fiscale in Italian.

Fiscus, in the sense of " feudimi regium," or fiefs granted by the

crown, was contraste<l with proprietas, or an allodial estate. The word
fiscus meant originally a basket or frail in which the moneys of the

prifice were collected. (Ducange.)

FISHERIES are localities frequented at certain seasons by shoals or

great numVjers of fish, where they are taken upon a large scale. The
right of frequenting these fishing-grounds has frequently been matter
of dispute between governments, and sometimes the subject of treaties

;

while exclusion (it>m them, or invasion of presumed exclusive rights

to their enjoyment, ha.s been the cause of warlike preparations. The
principal kinds of fish which are the objects of these systematic
occupations are whales, cod, ling, hake, herrings, lobsters, mackerel,
oysters, pilchards, salmon, anchovies, sardines, sturgeon, and tunny.
With the exception of the four last-named descriptions, the fishermen
of this country are engaged in the taking of all these fish, and pursue
their calling to an extent which makes each an important branch of
national industry. The quantity of other fish taken by British
fishermen is in the aggregate exceedingly great, and furnishes constant
employment throughout the year to a great number of men on almost
every part of the coasts of Great Britain and Ireland ; but it has not
been usual to apply the word fisheries otherwise than as we have
already mentioned.

Of the British fisheries, some are carried on in rivers or their
Epstuaries, and others in the bays or along the coasts. Our principal
cod-fishery is on tjie banks of Newfoundland ; and for whales our ships
frequent the shores of Greenland, Davis's Straits, and the South Seas.
Of late, whale-fisheries have also been carried on near the shores of
Australia and of the Cape of Good Hope.
The taking of herrings was extensively pursued in Scotland in the

ninth century, and continued until the Convention of Royal Burghs
prohibited the exportation of fish before the resident population was
supplied at a stipulated price. In consequence of this interference,
many of the fishermen abandoned the pursuit at home, and settled in
Holland—a circumstance which first drew the attention of the Dutch
to the value of the Scotch fisheries. Several enactments were passed
under James III., IV.. and V. of Scotland for the promotion of the
fisheries; and James VI., before his accession to the English throne,
directed the building of three towns for the same purpose ; but this
measure failed of success. In 1633 Charles I. ordained " An Associa-
tion of the three kingdoms for a general fishery within the hail seas
and coasts of his majesty's said kingdoms," but the breaking out of the
civil war put an end to this scheme. In 1654 the government, in
order to give protection to the fisheries, remitted in favour of Sir
Phineas Andrews, who had embarked in the same, the salt duties and
" customs, and excise duties upon all naval necessaries ; " besides which,
voluntary collections were made from wealthy and patriotic individuals
for building wharfs, docks, and storehouses, and for defraying other
expenses. These measures of " protection " appear to have been
unsuccessful ; as were others of various kinds, made in 1677, 16H0, and
1720, sometimes through the medium of charters, sometimes through
that of Joint-stock comi)anies. Variovis reasons have been assigned
for these repeated failures. Among these reasons may be mentioned,
the rule which made London the head-quarters of the fishery (it being
the dearest port in the kingdom) and the superiority of the Dutch in
the art. Andrew Yarington, in the second part of " England's
Improvement by Sea and Land," sums up all other reasons in this one
fact
—

" We fish intolerably dear, and the Dutch exceedingly cheap."
In 1749 a committee of the House of Commons was appointed to
inquire concerning the herring and white fisheries : and as the result
of its laboui-s a corporation was fonned, with a capital of 500,000^.,
under the name of " The Society of the Free British Fishery." A
bounty was given to encourage the fishermen, increased in amount
from time to time ; but this entirely failed in realising the object in
view; for, thebounty being given to the vessels and not to the fish, "ships
were equipped to catch the bounty and not the herrings." In 1786
" The British Society for extending the Fisheries and improving the
Sea Coasts of the Kingdom" was incorporated, and a joint-stock was
subscribed " for purchjusiug land and building thereon free towns,
villages, and fishing-stations in the Highlands and Islands of Scotland."
This joint-stock was raised by the subscriptions of a few spirited
individuals, who did not look for any profitable return. The members
of the society were chiefly proprietors of estates, and their object was
the improvement of their i>roi)erty. Another act was passed in 1808
for the regulation of the fisheries : granting bounties to the fisher-

men ; and prescribing regulations for fishing, curing, inspecting and
branding herrings, and a board of seven commissioners was appointed
for administering the law. This act, which was at first passed for a
limited time, was made perjjetual in 1815. For the inspection and
branding of herrings the whole coast of Great Britain was divided into
districts. In each of these ofiicers were appointed to oversee the
operations of the fishermen, and to prevent frauds in regard to the
bounty. The principal regulations affecting the curing of herrings

were bonow'ed from the practice of the Dutch fishermen. In 1817
a further boon was granted to the fishermen by allowing them the
use of salt duty free ; a peculiar advantage, which ceased in 1823 by
the repeal of the duty on that article.

The impolicy of granting bounties on production, the effect of

which is to tax the people of this country in order that foreign

countries may be supplied with articles of consumption at prices below
their actual cost, came at length to be seen and acknowledged. In
1821 the bounty began to be reduced, and in 1830 it ceased altogether.

That this alteration of the system has not been productive of any
serious evil to the herring-fishery has been abundantly shown by the

statistical returns. The average annual number of barrels of herrings

cured and exported respectively in the five years that preceded the

alteration was 340,488 and 224,370. In tho five years from 1826 to

1880, while the bounty was proceeding to its .annihilation, tho average



FISHERIES. FISHERIES.

numben w«n SS8,8M cured, aod 206,944 exported ; and in the year

1858, the numbers were 6M,122 bwrela cured, and 850,204 exported.

An end appcan to have been put to the protective (vatem by the

Britiah Paruament, in the 10 ft II Vict. c. 91, witbdntwuig altogether

the funda granted year by year for the promotion of the Scotch

fiaheriea ; and, in the 21 & 22 Vict. c. 69, exacting a fee for every

barrel or hall barral of herrings on which the government brand in

imposed, a valuable advantage that had heretofore been conferred on
these traders altogether at the public expense. The same act repeals

sundry Texatiotts provisiona of previous statutes which had impeded the

trade and increased the expense of the traffic without any advantage in

return ; it prohibits the use of certain nets and certain methods iu

taking the tii<h; it prescribe* a uniformity in measures; and thus
sorraodeni the traffic to the fostering caro of private interest and the

adataty ellect of public competition.

Tlte Irish fisheries generally continue still to be stiiuulated by
public grants from time to time, without any intention thereby of

giving efiect to a policy which experience and principle have con-

demned, but to meet the unfortunate circumstances of that country

by fumiiihing immc<)iate employment to the |KK>r in a traffic more
legitimate than the making of public roods that are not wanted,

inasmuch as it may become remunerative to the fishermen, and
advantageous to the public without the need of extraneous support.

A select committee of the Hoiue of Commons was appointed in 1833
to inquire into the state of the British Channel fii>heries, A second

committee was appointed in 1836 to consider the state of the salmon
fisheries in Scotland ; and in the previous year commissioners had been
instructed to investigate the condition of the Irish fisheries. From
eadi of these bodies reports proceeded which were laid before Parlia-

ment, and which contained a considerable amount of information upon
the subject. We will preeent here a few of the leading facts, corrected

by the results of inquiries of later date.

The appointment of the committee in 1833 arose out of the distress

which was at that time said to afiect the several Channel fisheries, and
in its report the committee stated that these fisheries were generally

in a very depressed and declining state ; that they apiwar to have been
gradually sinking since the peace in 1815; tliat the capital employed

did not yield a profitable return ; that the number of vessels and of

the people to whom it gave employment had diminished ; and that the

fishermen who formerly could maintain themselves and their families

by their industry were in a greater or less degree pauperised. The
chief causes of this unfavourable change were considered to be, the

interference of the fishermen of France and Holland ; and the great

and increasing scarcity of all fish which breed in the Channel, com-
pared with what was the ordinary supply 15 to 20 years earlier, operat-

ing prejudicially to the fishermen, at the same time that a continued

fall of prices had taken place in the markets. The depressed state of

the British fisheries is most easily explained by supposing that the

foreign fishermen, of whose interference such grievous complaint was
made, were better skilled and more persevering in their calling than

our own countrymen : a supposition which seems to be borne out by
the circumstance of our having, since this report was delivered, been

still more abundantly supplied with fish for our tables ; while the cry

of distress on the part of the fishermen has passed away, doubtless

owing to the greater degree of skill and industry which they have since

exerted. There was, on the other hand, a complaint preferred against

the fidiermen by the o\mer8 of the boats, who alleged that, having

advanced all the capital necessary for the undertaking, and having

probably also contributed to the supirart of the men during the dead
nrannn, under the faith of an agreement to receive at stipulated prices

all the produce of their nets, the men so bound to them sold a con-

siderable part of the fish which they caught to boats despatched from

the coast of France. These circumstances have been mentioned, be-

caoae a great and it is thought a groundless impression was created by
the result of the inquiry of 1833, which inquiry, it has been alleged,

waa undertaken to satisfy the desires of certain interested parties who
wished to make out a case for the interference of government.

Tbeae Channel fisheries have been the occasion of much jealousy

between England and France, and of continual wrangling between the

fishermen of the two countries; they were at length, in 1839, made
the subject of a convention between the two governments, and the

stipulations contained therein have been embodied into the law of this

country successively by the 6 & 7 Vict. c. 79, and the 18 4 19 Vict

c 101.

Stow-Boat Puherg,—One peculiar branch of fishery is the Stow-boat

flahenr. ' This fiahray prevails princi|>ally upon the Kentish, Norfolk,

and Essex coasts; and the object is the catching of sprats, not for

food, but as manure for the land, for which there is a constant demand.

It fluctuates considerably, according to the prioe of other agricultural

manures, and to the abundance of the ahosls of fish.

PUdutrd FtAery.—The pilchard fishery, which is carrietl on upon
parts of the Devon and Comiah coasts, is of some importance. The
pilchards visit oui shores in August and September, and again in

November or December : tiiey come in largo shoals into shallow water.

As soon ss caught they are nltod or pickled and exported to foreign

raariwts, chiefly to the Mediterranean : the average export amounts to

30,000 hog>hs«ds per year.

Jlnring PMtrj/.—The extent of the British herring-fishery has

already been notioed. The places where it is principally oarried on
are Yarmouth, Lowestoft, Hastings, Folkestone, Cardigan Bay, and
Swansea, in England and Wales ; tiie coasts of CUthnass, Sutherland,
Aberdeenshire, Banfishire, Morayshire, and Rosssihire, in Scotland;
and Qalway, Killybega on the coast of Donegal, Mayo, the lestuary of
the Shannon, the coast between Diude Bay and Kenmare, Bantry Bay,
Waterford, and from Mixen-head to Cahore point on the Wicklow coast,

in Ireland. The principal herring-fishery off the coast of Norfolk and
Suffolk commences in September and ends in the beginning of De-
cember. Mackerel fishing begins 1st May, and ends 1st July. No
material ohangea have occurred in the seasons, but herrings are more
nxmierouB of late years on the Yorkshire ooaat.

Salmon /UUry.—Our chief aalmon-fiaheries are carried on in the
rivers and asstnaries of Scotland. As no bounty has been at any time
payable upon the taking or exporting of this kind of fish, there are no
means of ascertaining its actual or comparative amount. Oreat interest

and activity have in recent years been evinced by noblemen and the
binded gentry, with much success, in promoting the breed of salmon,
and the protection thereof has long been an object with the British

Parliament, who by various Acts, 1 Geo. I. c. 18 ; 58 Geo. 111. c. 43

;

6 & 7 Vict. c. 83; and 11 ft 12 Vict. c. 52, have prescribed certain

regulations, and prohibite<l the taking of fish at certain periods of the
year, with the same end in view. The produce of the fishings in the
rivers Dee, Don, Spey, Findhom, Beauly, Borriedale, Langwell and
Thurso, and of the coasts adjacent, are conveyed in steam^boats and
small sailing vessels to Aberdeen, where they are packed with ice in

boxea and sent to the London mariiet, either by steamers or by rail-

way. The most productive salmon-fisheries in Ireland are situated

near the mouths of the rivers, on nearly all parts of the coast.

Mackerel PUlury.—Mackerel are fish of passage which visit every
part of our coasts in the spring and early part of the summer, and are
taken in great abundance. In this country they are used fresh, and
great quantities are conveyed by rapid railway journeys from the coast
to l^ndon. The general desire to obtain this fish in perfection hns led
to the well-known relaxation of our laws against Sunday trading, which
pcrmiU the o|H>n hawking about of mackerel on that day : a practice

which is punishable with regard to any other fish, or indeisd to artides
of any kind, with the exception of milk.

The princii>al fisheries on the eastern coast of England are in the
neighbourhood of Whitby, Hartlepool, and Uobin Hood's Bay. The
fisb-morkets of the great towns in the interior are now supplied more
abundantly than ever with fish, through the agency of railways.

Cud Pitkery.—The cod fishery at Newfoundland was carried on as
early as 1500 by the Portuguese, Biscayans, and French ; but it was
not until 1585 that the English ventured to interfere with them. In
that year 8ir Francis Drake, being sent to the island with a squadron,
seized the foreign ships which he found engaged in the fishery, and
sent them to England, where they were declared lawful prizes. In
1610 a company was incorporated for the same purpose by King
James I., and so successfully was the fishei-y prosecuted, that in 1614
there were near 200 vessels engaged iu it ; in the following year the
number exceeded 250. The English fishermen were, however, closely

pressed by those of France, who had sundry advantages in their favour.

By the treaty of Utrecht, which acknowledged the sovereignty of the
whole island of Newfoundland to be in the crown of England, the
privilege of fishing on part of the coast was reserved to France, not-

withstanding which the English fishery there increased to a great
extent. The resort of the United States fishermen to the coasts of

Newfoundland for the purpose of sharing in this remunerative traffic

began early to excite the jealousy of the British fishermen, and the
quarrels arising in consequence appealed so strongly to the peculiar

sympathies and pride of the respective countries, that armed vessels

were sent to the fishing-groimd, nominally to preserve peace and order,

and serious apprehensions were created as to the possibility of main-
taining tlie peaceful relttions between the two governments. At length

a treaty wa^ conclude<l in 1854 between England and the United
States, and the stipulations of it became the law of tliis country by
the 18 ft 19 Vict. c. 3. By this treaty, tlie right of taking all kind of

fish except shell-fish, and curing and drying fish, is granted to the
fishermen of the United States on the sea-coasts, shores, bays, and
harbours of Canada, New Brunswick, Nova Scotia, Prince Edward's
Island, and with some inodilicatioo, NvwfoundLmd. The principal

fisheries uf Newfoundland ore prosecuted on the banks which nearly

surround that island ; the object of these fisheries is solely cod-fish.

Salmon, mackerel, herrings, and some other kinds of fish are taken off

the coasts of the isUnd ; and the seal fishery is carried on success-

fully, yielding a considerable number of sealskins and a largo quantity

of seal-oil for exportation. Those fisheries may be said to be the sole

pursuit of the settlers in NewfoundK-uid, and of the traders who
frequent the island. Nearly every family has a small piece of land

uuder garden cultivation, but agriculture is not pursued as a sub-

stantive occupation.

Wkalt Pukerj/.-~Tho whale fishery was carried on successfully

during the I2th, 13th, and 14th centuries, by the Biscayans. The
whales taken by them in the Bay of Biscay appear to have been of a
smaller species than those since found in more northern latitudes.

The Biscayan fishery has long ceased, owing probably to the great

destruction of the animals. It is t<) the voyagers wto, near the end of
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the 16th century, attempted to find a jjassiige through the uortheiu

ocean to India, that we owe the discovery which led to the establish-

ment of the fishery in the seas of Greenland and Spitzbergen. The
English and the Dutch were the first to embark in this adventure

;

but the French, Danes, Hamburghers, and othei-s were not slow to

follow their example. At first the whales were so numerous that the

fishing was comparatively easy, and was so successfully pursued that,

in addition to the ships actually engaged in the fishery, many other

vessels were sent in baliast to the shores of Spitzbergen, and the whole
returned home with full cargoes of oil and whalebone. It was then
the practice to boil the blubber on the spot, and bring home the oil in

uasks. In the progress of the fishery the whales became less numerous,
and, when foimd, more diffictUt to take. It therefore became necessary
to pursue them farther to the open sea, and at length it was found
more economical to bring the blubber home in order to its bemg
boiled, and the settlements before used for that purpose were aban-
doned. That part of the Arctic Sea which lies between Spitzbergen
and Greenland, and which was formerly frequented by the whale ships,

is now almost wholly abandoned because of the scarcity of the fish,

and the northern whale fishery is now chiefly pursued in Davis's

Straits. Previous to the revolt of the North American provinces this

fishery, aa well as that in the Southern Ocean, was prosecuted with
great spirit by the colonists of Massachusetts. Just before the begin-

ning of the war they employed annually 183 ships of 1.3,820 tons in

the Northern, and 121 ships of 11,026 tons in the Southern whale
fisheries.

It was not until after the breaking out of war between England
and the American provinces had, for a time at least, interrupted

this spirit of enterprise, that England embarked in the Southern
fishery. Towards the close of the last century, the number of English
vessels so employed was considerable ; in 1 791 they amounted to 73, but
the number has since greatly fluctuated. It requires a considerable sum
of money to fit out a ship. A new vessel of the size usually employed
—350 tons—costs, when ready for sea and fully provisioned, from
12,000/. to 15,000/. ; and the adventurer must wait three years for the

return of his capital.

FISTULA LACRYMALIS. [Lacbvmal Obgams, Diseases op.]

FIT. [Syxcope.]

FIXED AIR. [Carbonic Acid.]

FIXED OILS. The fixed oils constitute an important division of

that well-known group of natural substances generically termed fatty

matters. The name oil sufficiently indicates the liquid character of

the membere of this division ; and they are said to be JLred, because
they may be heated to nearly 500* Fahr. without undergoing material

change, thiit degree of heat being far above the temperature necessary

for the perfect volatilisation of any of the estaitial oiU—another
division of the fatty group, [£^sential Oils.]

Source. Fixed oils are mainly obtained from the vegetable kingdom,
residing for the most part in the seed, but occasionally in the fruit of

plants. Certain cold-blooded animals, notably the c<xl-&sh, and several

letaceans, such as the siierm whale, also furnish fixe<l oils of consider-

able economic value. [Oils, in Nat. Hist. Div.]

Preparalion. The most usual method of obtaining a fixed oil is by
submitting the substance from which it is to be extracted to strong

preasure. For this purpose hydraulic presses are very generally

employed. Heat is occasionally made use of to increase the liquidity

of the oil, the plates of the press being kept hot for this i)urpoBe, and
the substance itself usually previously exposed in liags to the action of

steam. Oil obtained in this way may be rendered quite bright and
transparent, either by subsidence, or filtration through paper or flannel.

Another process for obtaining fixed oil consists simply in boiling the

substance with water, when the oil rises to the surface and may be
skimmed off. A useful laboratory method of extraction is digestion

of the substance in alcohol or ether, or a mixture of the two, and sub-
sequent separation of the solvent by heat.

Purification. But few oils are at once obtained from their natural
source in a state fit for use, and no generally applicable process can bo
named by which they may be refined and bleached. Exposure to light

in glass bottles is sufficient to decolorise many of them. Digestion
with strong siilphuric acid for a time, and subsequent treatment either
with cold water, or if necessary with steam, or simply blowing steam
through Uie oil without the addition of sulphuric acid, are other
methods of purification. Tannic acid, under the form of a strong
decoction of oak bark, is occasionally employed to separate albuminous
imd gelatinous matter. Caustic soda, in small quantity, with the aid of
heat, will generally separate sulphur contained in an oil, and improve
its appearance and odour. Chromic acid is perhaps the most energetic
oil-bleaching agent. It is conveniently apphed by adding to the oil a
saturated solution of bichromate of potash containing nearly half its

weight of strong sulphuric acid. The ranciditi/ of oils may be removed
by washing with cold water alone, or with a very dilute aqueous
ilkaline solution.

Proptriiet. The fixity of the bodies under consideration is obviously
their great chmw^teristic. Their specific gravity is always less than
that of water, ranging from 0-90 to 0-93. Their consistence varies

;

heat renders them more liquid, cold congeals or solidifies them. When
perfectly pure they have little or no smell, but as usually met with
X>osses8 more or less characteristic odours, due to the presence of such
ARTS AND HCT, DIV.TOL. IV.

volatile matters aa butjTic, valeric, or caproic acid, &c. "When. these
matters are preseut in excess, oila are said to be rancid.

The fixed oils are insoluble in water, and, with the exception of

castor oil, almost insoluble iu alcohol ; they however readily dissolve

in ether, benzole, and oil of turpentine, and are miscible in all pro-

portions with each other and with the essential oils. When heated in

close vessels to 500° or 600° Fahr. they are decomposed, irritating

vapours are evolved, and permanently gaseous bodies, as well as some
liquid and solid substances, are produced. These products are all m-
flammable, burning with a luminous flame ; indeed an ordinary oil-

lamp is a miniature apparatus for the combustion of the products of

the destructive distillation of oil. [Cajjdle Manufactuke.]
In chemical composition the fixed oils greatly resemble each other.

They coutam Fatty Acids, in slightly variable proportions, united

with glycerin : the oleate of glycerin, however, preponderating.

Ammonia acts upon fixed oils, converting them into amides ; but the

other caustic alkilies, and some metallic oxides, form with them true

soaps. All fixed oils are more or less acted upon when exposed to the

air. Some slightly thicken and acquire rancidity, but do not become
solid ; others i-apidly absorb oxygen, give out heat, and ultimately dry
up into a kind of resin. When the latter kind of oils are exposed to

the air iu a finely ilivided state, such as occurs when paper, cotton,

shavings, straw, &c., are satiu'ated with them, this oxidising action

goes on at such a rate that the heat evolved is sufficient to cause the

inflammation of the m.'us. [Co-mbustion, Spontaneous.]

Drying and non-dryhvj oils. From what has just been stated, it is

evident that fixed oils may be divided into these two classes. The
principal drying oils are those of linseed, poppy, sperm, walnut, cod-

Uver and hemp. They are largely used in the preparation of varnishes

and by the painter as vehicles for pigments. Their drying property is

considerably increased by heatmg them with litharge (oxide of lead)

or with oxide of manganese ; they are then technically termed boiled

oils. The chief non-drying oila are those of almond, colza, olive, rape,

as well as all that are of animal origin : they are further distinguished

from the di-ying oils by being converted into the solid state by
mercurous nitrate or by J-jith part of their weight of peroxide of

nitrogen (NO,), and are used in cookery, for lubricating machinery,

and for burning in lamps.

Tetts for purity. General testa for the piu-ity of fixed oils are smell,

taste, and specific gravity. Special tests for the princi[)al of them
will be found described under their respective names. The action of

sulphuric acid is also a valuable aid in mdividualising the fixed oils
;

a table of the action of, and details concei-nmg, this reagent will be
found in ' Cooley's f!yclopa3dia of Practical Receipts,' article ' Oils.'

Another systematic method, by Calvert, is described in ' Muspratt's

Chemistiy ' as applied to the arts and manufactures, article ' Oil.'

Alphabetical liat of the chief fi.ced oili.

Almond oil [Amyodalus.] A non-drying oil.

Ajypleseed oil. Obtauied by expression from apple-pip,s. It resembles

poppy oil.

Say oil. Non-drymg. [Laurus Nobilis iu Nat. Hist. Div.]

Seech oil. Non-drying. Sp. gr. 0'9225. [Beech. Fagus in Nat.
Hist. Div.]

Belladonna oil. From the fruit of Alropa Belladonua. Sp. gr.

0'925 : a drying oil.

Ben oil. [Ben, oil of.] Non-drying.

Cacao oil. [Cacao.] Non-drying.

Camelina oil. From the seed. [Camelina Sativa in NaT. Hist.

Dl\-.J Drying. Sp. gi-. 09252.
Carapa oil. From the fruit. [Cahapa in Nat. Hist. Div.]

Castor oil. Obtained by expression from the seeds of Sicinus

Communis. Sp. gr. 0969. Dries by very long exposure. Its

nauseous taste is said to be removed by agitation with magnesia. Is

miscible with alcohol. Contains a modification of oleic acid termed
ricinoleic odd. Heated with caustic potash, sebacic acid Is produced,

hydrogen i.s evolved, and capryllc alcohol distils over.

Cebadilla oil. From the seetl. [Cebadilla in Nat. Hist. Div.]

Chern/stone oil. From the kernel. Sp. gr. 0'9239.

C'hetlnut oil. From horse-chestnuts. Non-drying. Sp. gi-. 0-927.

Cocoa-nut oil. Non-drying. Solid at common temperatures.

[Cocos, in Nat. Hist. Div.]

Cod-liver oil. From the liver of the common cod-fish. [Morrhua
vulgaris in Nat. Hist. Div.] To obtain a pm-e palo yellow oil for

medicinal purposes, the livers, after washing with cold water, are sub-

mitted to gentle heat in steam-jacket pans for about three quarters of

an hour ; on coohng, the oil separates and floats on the surface, is

skimmed off and clarified by subsidence in deep cisterns and by filtra-

tion, first through flannel, and finally through moleskin imder pressure.

It is exported from Newfoundland iu casks, one manufacturer alone

producmg between 20,000 and 30,000 gallons annually.

Other cod-liver oila occur in commerce ; they are all of a more or

less brown colour, and are obtained from the livers after exposure to

the sun. The livers undergo putrefactive fermentation, and yield a

larger per centage of oil than when treated as already described for the

medicinal oil. The livers of other fish than the cod are also used in

the manufacture of common cod oil. It is princiiially used by ciu-riers

for dre-ssing leather.



FIXED OILS. FIXTURES. MD

Cbha *iL Vaa-dryiag. [Colza, Oil or.]

CWiMOory wV. Nan-drying. Fn>u the fruit, [Coasccs taiijriuii«a,

ia Nat. Hut. Dtv.l

OaUtm-imd M. Frutn th« wmIn of one nf the cutton pUnta. [GossT-

nuM iarbadmm, in Nat. Hut. Div.J Thia oil dries on azpoiure to

Ummt.
Gnu ail. Fram the M«ds of common garden oreaa {Lepidiftm «<Mt-

iwh). Sp. gr. 0-924. DiTing.
CrvUm oil {Cbotos oil.]

OiKmmitr oil. Frum tbe aeeda of aereral (|ieciaa of Oueumit and
cmcmrtila. DrjriDg, Uied far lHn{a. Sp. gr. 0*9231. Known also aa

irottrtioU.

Ojiptr^rau oiL One of the very few oik obtained from tbe not of

Apklilt{Cfptnue»eule»ta). Kun-iliTing. Sp. Rr. 0-918.

Omnimipmrgi oU. [Euphorbia lathgrit, m Kat. Hist. Div.]

OimgiOf ••/. I>>om the aeeda of Setamoat orie»tale. Also known aa
TVtf oU, Btnfu oil, and OU of niamum. It ia non-dr}-ing.

fiouni oif. See CMeHmbtr oil

Grofitmd oil. By expreoaion from the aeeda of grapea. Used iu

aalada and for burning. Sp. gr. 0-9202. Also known aa Oi< «/ wiiM-
alOMO. It driea on expoaure.

Orotmd-ntu oil. Non^lrying. [Aracbis ky}Migoea, in Xat. Hist. Div.]
Hemp oil. From the aeeda of common hemp. [Caxxabis taliva,

in Nat. Hist. Dn-.) Soluble in alcohol. Sp. gr. 0-9276.
Ucnhane^eed oW. Non-drying. Sp. gr. 0-918. [Htobctamvs, in

Nat. Hist. Diy.]

IndafafH oil, From the aeeda of Anda Chmaii. Properties similar
to thoae of castor oil.

Jmtropka otL [Jatropha curnu, in Nat. Hist. Div.]
Julieime oil. Drying. Sp. gr. 0-9281. From the seeds of Dame's

violet. [Hespebi^ mofrona/w, in Nat. Hist. Dr\'.]

XundaJk bit. [Carapa, in Nat. Hist. Div.]
Lard oiL Crude oleic acid. A secondary product in the maim-

facture of stearin, or obtained from lard by boiling with alcohol.
Sp. gr. 0-9008.

LtutrH oU. See Bay oil.

Lintted oil. [Limbeed oil.]

Mace oil. See Nutmeg oil.

Madia oil. [Madia, in Nat. Hist. Div.]
Mustard oil. The seeds of the white mustard {Sinapit alba), yield

from thirty to forty per cent, of an oil used in aalads. Many other
spedea of ainapis yield a similar oil. That from black mustard is used
externally as a stimulant. The seeds of wild mustard (Itaphamu
raphafutlram) alaoyield a fixed cU.

Neaf$-foot oiL Floats on the surface of the water in which neat's feet
are boiled. It is used for lubrication and for softening leather.

NtUU-tree oil. From the kernels of tbe Nettk4ree (Cetu auitralis).

Uaed for burning.

Niclcar oil. From nickar nuts, the kernels of GhUandina, bonducdla.
Nut oil. The kernels of the commun hazel nuts [CoBTLCS artUana,

in Nat. Hist. Div.] contain more than half their weight of an excellent
drying oil. Sp. gr. 0«26.
Nutmeg oil. The so-called rjrprttted oU of mace, is a mixture of the

essential and fixed oils of the nutmeg. It is obtained on pressing the
bruised nutmegs between hot plates. [Mybistica, in Nat. Hist.
Div.]

(Xiveoil. [Olive oil; Olea ei»rojwr<», in Nat. Hist. Div.]
Palm oti. Solid. Largely used in soap and candle manufacture.

Sp. gr. 0-968. [Eljsis, in Nat. Hist. Div.]
Palma-Ckritti oil. Sec C'attor oil.

Pinenut od. From the seeds. [Finds pinea, in Nat. Hist. Div.]
Pint lop oil. From the Norway spruce fir. Dries on exposure. Sp.

gr. 0-9235.

Pinei/ oilfpano talloti. [Vatf.bia, in Nat. Hist. Div.]
Piitaehio nut oU. From the kernels. [Pistacia vtra, in Nat.

Hut. Div.]

Planutone oil. The kernels of the common plum {Prunui domentica)
contain thirty per cent, of a lamp oil. Sp. gr. 0-9127. Non-drying.
Poppy oil. The seeds of the common white poppy contain half

their weight of fixed oils. It driea well, and is much used in the
manufacture of paints and soaps, also in salads, and to adulterate
almond oil. Sp. gr. 0-9244. [Pai-aveb towmiftrum, in Nat. Hist.
Div.]

Prwte-ttone oil. The kernels of the common pnme contain an oil

reaembling that of almonds, but it mpidlr becomes rancid. Sp. bt.
0*127.

Radith teed bit. From the aeeda of a variety of the common radish.
Non^lrjing. Sp. gr. 0-9187.

Raf oil. From the seeds of rape {Brauica eompeetrii). When
rsfined by treating with eulphuric acid, it is used for common purposes
iu tbe place of olive oil.

HahmdilU oW. See VcbadilU, ml.
8amt/\ m-wU M. From the kernels. [NB0TA5DBA pudtury miwir,

in Nat. Hut. Drv.]
"• e

»
>

atal oil. Obtained from tbe bhibber of aeranl qiecies of seal
rPaocnx, in Nat. Hist. Div.], the (lortiou that first drains awny
oeliig palset in colour and most valuabkv Used for buniing and
leather drcaMiig.

otf. See (HmgMf oil

SkartUiter od. From the livers of sevenl spedos of HqueUieUr. It

is the U^test of all the fixed oils, having a sp. gr. of 866.

Akati til From the liven of various akatea (Anaiua). It re-

sembles cod-liver oil.

Spirm oil. A valuablu oil fur lamjis, and for lubricating madiinety.
It is the liquid portion of the fatty matter found in various parts of

the White or Sperm whale {Phyteter macroeepkalut), the solid portion

being spermaceti. [Spermaceti, in Nat. Hist. Div.]

Sunflower oil. From the seeds of the common sunflower. Used for

burning, and In aaUda. Sp. gr. 0-0261.

Ttd oil See Oingelly oil.

Tobaeco-*eed oil A good drying oil, obtained frum the seeds of the
tobeooo plant (Nicvtiana tabacum). Sp. gr. 0-9282,

Touloncuuna oil. [Carapa, in Nat. Uibt. Div.]
Train oil. See Whale od.

Walnut oil. The kernels of walnuts contain half their weight of a
fixeil oil, sometimes uaed in mixing up colours for house-painting.

Weld oil From the seed of dyer't wood {Baeda luteola). It dries

on exposure. Sp. gr. 0'.>358.

Whale oil. FVom tbe blubber of the common or Greenland \Vhalo.

It aomawhat resembles sperm oil, but is darker in colouV and of dis-

agreeable odour. It is used as a lubricating agent, and is occasionally

burnt in lamps. Sp. gr. 0-927.

tftne-stoiK oil See llrapeteed od.

FIXTURES. The U-rui "fixtures" ia frequently used to signify

articles of a personal nature which have been affixed to land, w-hether

removeable or not, and sometimes expressly to denote articles which
are not by law removeable when once attached to the frot-buld ; but
the term " fixtures," in its correct l^al sense, signifies such things of

a personal nature as have been annexed to the r«alty, and which may
be afterwards severed or removed by the party who annexed them, or
his personal representatives, against the will of the owner of the free-

hold. When the article is not so removeable, it ia to all intents and
purposes part of the freehold, and subject to the rules and incidents of
real property.

It is neoeaeary, in order to constitute a fixture, that the article

should be let into or united with the land, or to other subutances
previously connected therewith. Goods, and even buildings of the
moat ponderous description, du nut fall under the description of

fixtures, if they are merely laid and rest upon the earth without Iwiug
let into it. Something more than mere juxta-poeition ia re<iuired, aa,

for instance, tliat the soil shall have been displaced for tlie purpose of

receiving the article, or that tbe cliattel shall have been connected or
otherwise fastened to some fabric previously attached to the ground.
The old rule of law vma, that whatever was once fixed to the land

was thereby made a part of it, so as to be irremoveable by any one but
the owner of the fee-simple. Out the strictness of this rule has been
from time to time considerably relaxed, regard being had to the object

of the annexation, the nature of the article, the relation of the (Hirties

between whom (luestioas hare arisen, and other cousidcrations.

Questions as to fixtures arise principally between three classes of

l^rsons. 1st, Between landlord and tenant ; 2ndly, Between the
executors of a tenant for life or in toil and the remainder-man or

reversioner ; and, Srdly, Between the heir and the executor of the

party who put up or attached the article to the premises.

1. As to the btw of fixtures between landlord and tenant.

A tenant may in general remove articles which be has himself
affixed to the premises solely for tbe purpose of trade and manufactures,
wheraver the removal is not contrary to any prevailing custom of

trade. It cannot however be said to be established that a tenant may
remove subetantial and permanent additions to his premises on the
ground of their having been built exclusively for the purposes of his

trade, such as workshops, storehouses, mills, or other buildmgs of that

description ; nor is it cle.ir that trade-erections of a less substantial

character, such as furnaces and flues of smelting or glaas-houaes, or

the stories and floors of malting-houses, Ac., are in all cases removeable
by a tenant. In such cases, somewhat will depend upon the degree in

which the freehold will be deteriorated by the removal'of the article,

or the article itself injured or destroyed before it can be taken an-ay.

There are also instances in which articles which have been fixed to

the freehold, ]>artly for the purposes of trade and partly for other
purposes, have been held removeable. Besides the above, many
fixtures slightly put up for tbe ornament of a house or fur domestic
use may also be removed by the tenant. But things attached to the
freehold for agricultural )>urposca unly are not removeable.

The foUnn-ing lists, given by Chitty, in his treatise on the ' I.,aw

of Contracts ' (6th edit.), show what fixtures have been decided or
conaidered, nccurding to judicial dicta, to be removeable or not as

between liuidlord and tenant.

1. List of things held not to be llcmoveable by the Tenant :

—

Agricultural erections.

Alehouse bar.

Bams fixed in the ground.

Beast-house.

Benches.

Box-botdets.

Carpenter's shop.

Cart-house.

Chimney-pieces (iu general).

Conservatories,

Doors.

Dressers.
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Flowers.

Foldyard walK
Fruit trees.

Fuel-house.

Glass windows.
Hearth.

Hedges.
Improvements, permanent.

Jibs.

Keys.

Locks.

Iilillstones.

Partitions.

Pigeon-house.

Pineries substantially fixed.

Pump-house.
Racks in stables.

Strawberry beds.

Trees.

Waggon-house.
Windows.

2. List of things held to be Removeable by the Tenant (though not
Trade Fixtures) :

—

Arras hangings.

Bam set on blocks, &c.

Beds fastened to ceiling.

Bells.

Bins.

Blinds.

Book-cases.

Buildings set on blocks.

Rollers, pillars, Ac.

Cabinets.

Chimney backs.

Chimney-glasses.

Chimney-pieces (ornamental).

Cider mills.

Cisterns.

Clock-cases.

Cofree-milla.

Cooling coppers.

Coppers.

Comicea (ornamental).

Cupboards.
Dutch bams.
Furnaces.

FiuTiitiu*, fixtures put up as.

Granary on pilLirs.

Orates.

Hangings.
Iron backs to chimneys.

Iron chests.

Iron malt-mills.

Iron ovens.

Jacks.

Lampa
Loolung-glasses.

Halt-nulls.

Harble chimney-pieces.

Marble slabs.

Mash-tubs.
Mills on posts.

Mills laid on brick fotmdation?.

Ornamental fixtures.

Ovens.
Pattens, erections on.

Pier-gl.V!ses.

Posts.

Pumps slightly attached.

Rails.

Ranges.
Sheds.

Shelves.

Sinks.

Slabs of marble.

Stable on mllers.

Stoves.

Tapestry.

Tubs.

Turret clocks.

Vessels, &c., on brickwork.

Wainscot, fixed by screws.

Water-tubs.
Windmill on iKwts.

3. List of Trade Fixtures decided or said to be Removeable by the

Tenant :—

Accessary buildings, that if,

accessary to a removeable

utensiL

Brewing vessels and pipes.

Cider-nulls.

Cisterns.

Cloaeta.

Colliery machines.

Coppers.
Counters.

Cranes.

Desks.
Drawers.

Dutch barnB.

Engines.

Fire engine*.

Fruit trees planted by nursery-

men.
Furnaces.

Oaa-pipes.

Olaas fmuts.

Iron safes.

Machinery, let into caps or

steps of timber, or fixed with

screws to the floor or to

sockets of lead let into the

stonework of the building.

Partitions.

Plants and pii>es of brewers,

diiitillen*, &c.

Presses.

Pumps.
Re8er>oir8.

Salt-pans.

Shelves.

Shrubs planted for sale.

Soap works, fixtures in.

Steam-engines.

StUla.

Trees planted for sale.

Vamiso-house.

Vata.

There are also certain fixtures as to which the right of removal is

unsettled, but has been the subject of discussion, in determining some
fif the cases alrotdy referred to ; of the doubtful articles the subjoined

is a list :—

Brick-kilns.

Frames in mmwry-grmmds.
Furnaces in smelting-houses

and glass-houses.

Glauses in nursery-grounds.

Oreen-ho\ise8.

Hot-houfes.

Lime-kilns.

M.ilting-floorfl, stoves, Ac.

Pavements.
Sheds.

Storehouses.

Tables, fixed or dormant.

Verandahs.
Wind or water mills.

Workshops.

It must not however be assumed that no circumstances can except

the enumerated articles from the decisions respecting them. The
peculiar ciraumstance* of each case, the state or position of the

fixtures in qneition, and the consideration of the degree of injiuy to

b« eausad t>y thor removal, are so much regarded by the courts that

few decisions can be regarded as absolute authorities fur other cases,

even with respect to fixtures of a similar description.

The general rule is, that a tenant must remove his fixtures before
the expiration of his tenancy, or during such time as he continues in
possession under a right to consider himself as tenant, for he is not at
liberty to insist on his claim afterwards. And if the interest of the
tenant is of uncertain character, as of a tenant strictly at will, or pur
autre vie, it is the common opinion that he will be entitled to a
reasonable time after the determination of his tenancy to remove his
fixtures.

The rights both of landlord and tenant with respect to fixtures are
frequently modified and controlled by the terms of the demise,
according to the general principle that parties may, by entering into

a special contract, vary their legal rights with respect to each other.

Thus, a covenant by the tenant to keep in repair all erections and
buildings erected and built, " and thereqiter to be erected and built,"

and to surrender them at the end of the term, will preclude him from
removing erections put up by himself, and which, but for the covenant,

might have been legally removed as trade fixtures. And therefore a
tenant, before severing an article from the freehold, must consider his

right not only under the general law of fixtures, but as it may be
afiected by an express or implied covenant in his lease.

It should be observed, that any erection or building, whatever be its

purpose, and however substantial it be in itself, unless it be affixed to

the freehold according to the definition of a fixture before given, will

not belong to the landlord at the end of the term. Thus, if the tenant

erect a bam, granary, stable, or other building upon blocks, rollers,

pillars, or the like, the Landlord will not be entitled to it as part of his

freehold. The tenant may therefore, by adopting appropriate modes
of construction, make many valuable additions to his premises without
losing his proi)erty in them, and at the 8,ame time avoid the efTcct of a
covenant to repair erections which are put up by him during the
term.

2. As to the law of fixtures between tenants for life or in tail, or

their personal representatives, and the remainder-man or reversioner.

There are only few cases in which the claims of tenants for life or
in tail to fixtures have come before the courts ; but it appears generally
from the authorities, that fixtures set up either wholly or partially for

the purposes of tra<le form part of the personal estate of a tenant
for life or in tail, and are excepted out of the general rule in favour of

the inheritance ; and it may be inferred from the analogy of decisions

in cases between heir and executor, that the exception will extend to

certain articles put up for ornament or convenience, provided they are

not united to the freehold by any permanent or substantial mode of

annexation.

It is necessary to distinguish between the rights of tenants for life

and in tail under the law of fixtures from those which they possess

under the general i)riuciple8 of tenure as incident to their estates. A
tenant in tail, by reason of the nature of his estate, may, independently
of the law of fixtures, remove any thing he has affixed to the premises.

A tenant for life, again, is not in general entitled to conunit any kind
of waste ; but if he holds his estate mtliout impeach meat of iiaete, ho
possesses powers ari.sing out of his estate similar to those of the tenant
in tail [Waste.] But in either case those powers must be exercised

during the hfe of the tenant, as they cease at his death, and nothing
survives to his representative except his right under the law of

fixtures.

Ecclesiastical persons are considerered as tenants for life of their

benefices, and the rights of such persons or their representatives with
respect to annexations made by them to the freehold resemble very
nearly those of other tenants for Ufe.

3. As to the law of fLxtiu-es between heir and executor.

There appears to be more uneertainty in the doctrine of fixtures as

between the heir and the executor, than between any other class of

Ijersons. In the early periods of the law, the rule that whatever was
affixed to the freehold should descend to the heir as parcel of his

inheritance, was rigidly adhered to, and even in later times the deci-

sions and dicta of the judges upon the subject are by no means easy to

reconcile. It may however be infened from them generally, that as

between the heir and executor trade fixtures and' fixtures erected

partly for trade and jtartly for other pur]»oges, are part of the personal

estate. This will be the case when the fixtures have been put up for

the purposes of a tra<le which is merely personal, and has no connection

with the land, and even in some cases, as that of Cider-mills (see S

Atk. 14), where the trade is connecte<l mth the profits of the land;

but if the property in question is absolutely essential to the value and
enjoyment of the land, as was decided with respect to Salt-pans (1 H.
BL, 260, It.), it cannot be removed by the executor, but will descend to

the heir as part of the inheritance. There are some articles put up for

ornament or domestic use to which the executor has been held entitled,

such as pictures, mirrors, hangings, cornices, &c., where the degree of

annexation is slight, and the freehold will not be much deteriorated by
the removal.

In questions with respect to fixtures, whether between landlord and

tenant, tenant for life or in tail and the person entitled in remainder or

reversion, or between heir and executor, much will frequently depend,

not only upon the nature of the article, but also upon its construction,

and the mode of its annexation to tb» freehold. The rule as to seve.
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J if ooostninl mo«t lilxrnlly in farmir of tlio tenant iw agninst the

Uodlord, not quite m> (trongly in faToiir of the tenant for life or in tail,

aa afcainat the remaindef^mao or reraniaoer/ and in favour of the heir

lather than that of the wueutor. Thia mart alwaya be remembered in

drawbig inferences from deoiaiona between different parties. Thua a

deddon in favour of the exeeutor acainat the heir may be relied on

betweea whatever partiea the question may arise, Imt decisions in

favoor of the tsoant against the laiuUonl cannot be relied upon as con-

elosiTe in omss between other parties.

With respeot to the transfer of fixtures the genrral rule is, that a

conveyance or mortgage in general terms of lands and houses includes

perstmal chattels attached thereto, though such chattels might other-

wise bsTe been removed under the law of flxturos. When the con-

»eyanee ia not general, but contains a stipulation that " the fixtares are

to be taken at a Taluation," the question what fixtures are included (in

the abasoce of a schedule or specification) is to be determined by the

relative situation in which the parties are placed by the conveyance.

If the coDveyanoo be an absolute sale, then those articles only should

be valued which would be fixtures as between heir and executor ; if

there be a demise only, or the assignment of a lease, the valuation

should extend to all
*
that wotdd be considered tenant's fixtures as

between landlord and tenant. If the description of the premises in the

renewal of a lease contain the general termn, " lands, buildings, erec-

tions," 4c., fixtures are considered to be included in the demise, and

the tenant cannot aftem-ards remove them, whatever were his rights

before the new lease was granted.

It is now settled that contracts exclusively for the sale of fixtures are

valid without the formalities prescribed by the 4th eection of the

Statute of Frauds (29 Car. II. c. 8); though if the slightest interest in

the realty be intended to pass, the statute will apply. It would seem

too, that a contract for the sale of fixtures is not within the 17th

section of the statute as a contract for the sale of goods and chattels.

(See the Treatise of Messrs. Amos and Ferord on the Law of Fix-

tura : and Chitty, 0» ConiracU, tsth ed.)

FLAG, the ensign or coloury of a ship hoisted to denote nationality,

or as a signal. The word is usually supposed to have been derived

from the Anglo-Saxon feogan, to fly or float in the wind; but the

motion of a flag in the air being similar to the flickering of a flame,

the origin of the word may probably be in the very old Latin root
'• flog," to U.we or blaze.

The supreme flag of Great Britain is the royal standard, which is only

to l>e hoisted when the sovereign or one of the royal family is present

;

the second is th.it of the anchor on a red field, which cliaracterises the

lord high admiral, or lords commissioners of the Admiralty ; and the

third is the union flag, in which the crosses of St. George, St. Andrew,
oud St. Patrick are blended. This flag is appropriated to the admiral

of the fleet, who is the first naval ofliccr under the lord high admiral.

The British ensign is red with the union jack borne as a canton. The
Customs department is distinguished by its having a crown in the

fdd as a hearing.

In the British navy a fleet is divided into three B<iuadron8—the

centre, the ran, and the re.ir ; the centre Ijeing distinguished by red

ensigns, the van by white, and the rear by blue, and resjiectively

oommanded by an admiral, a vice-admiral, and a rear-admiral. When
the fleet is Tery lai^, there are three divisions in each squadron ; and
each squadron has then its admiral, vice-admiral, and rear-admiral, who
respectively hold the command of its centre, van, and rear divisions.

The jdmiralu are di\-ided in like manner, there being an admiral, a

vice-admiral, and a rear-admiral of the red sqiuidron, and, so of the

white and blue squadrons ; but in all cases an admiral carries his flag

at the main, the vice-admiral at the fore, and the rear admiral at the

mixen.

The three flags are plain red, wliite bearing the red cross of St.

George, and pUin blue ; and the ensign worn by the ship that carries

a flag, aa well aa by every ship belonging to the same squadron, is

always of the same colotir as that of the flag-uflicer commanding it.

Various kinds of flags are used in addition, to convey orders, to ask

aatistance, to announce arrivals, &o. ; and a regular system of com-
munication can be readily maintained between fleets or shi|ie at sea.

In the BritishmorchantHer\'ic(',which contains nearly 40,000registered
Tewsli, increaaing in numl>cr nlwiit 1500 in new vessels annually, the
want of a more simple communication by signal became so pressing that

in 186S a committee was appointed by the Board of Trade to consider

the subject. Harryatt's excellent code had been used for nearly half

a century, and, from the difficulty which .tflects all radical changes in

Cblio systems, years will pass before it is wholly discontinued. It

I, however, twen determined by the committee that signals for the
merchant service ought to extend to at least 70,000 or 80,000 in num-
ber; and that no signal should have more than 4 flags in a hoist.

Steuoen lure in general much shorter masts than sailing resaeU, and
therefore tiie hidier numbers of Harryatt's Code requiring S flags, has
been pronounced a solid objection thereto.

After consideiable attention to the subject by the committee, com-
posed of highly competent memberi, it has been resolved that a new
tijttmta containing 18 flags and 8 pendants, which would furnish 78,642
ngnala, aaob consisting of not more than 4 flags in a hoirt, be ado|itod

in the merehant nary of Great Britain. This so desirable a change,
•Acted by the sahetitation of Idiert for numbers (omitting the vowels)

gives to the merchant marine, not only a comprehenaive and simple
code capable of extension, but furnishes an authorised base on which
to found an I'ttivenal St/Hem, which other nations will doubtless
approT* and apply.

From the rapidly increasing interest which attaches to nautical

matters in this country, we subjoin a list of flags under this new
system :—

N.n. Blue is reptwented bj Uaea, thai

Red If ti

White „ alMcace of all Uoci

Yellow ,. linn, tlitu

^ k]^ »

It=- I'^
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The following are the names of the \-arieties of flags in the sea

service, the ordinary square flag being the one most in use. It has of

late years become a custom for shipowners each to adopt a private, or

as it ia called, a " House Flag."

Burgw. Cornet, Signal pendant.

FLAGELLANTS, FLAGELLATION. The ides of propitUtiug

the Deity by self-torment dates from a remote antiquity. Herodotus
relates (ii. 42) that the ICgyptions flogged themselves at one of their

annual celebrations. Fl.igeUation was administered as a trial of for-

titude to the young Lacedaimonians, who it seems, in accordance with

the peculiar institutions of Lycurgus, did not attach to this castigation

the idea of degradation which modem Europeans do. In Kome, how-
ever, the punishment of flagellation .was only applied to slaves, and it

seems to have been pretty common, aa different classes of sUvts
derived their names from the kind of whips with which they were
lashed. Some were called Itestionef, because they were lashed only

with cords; others JIurcdir, from being flogged with thongs of ox-

leather. It is in reference to this custom that Plautus makes one of

his personages say—" Krmil Iluccda ini-iti jmtiiu qnam ego tim Jtettio."

" They shaU be Bucoda: whether they will or no, before I be Kestio."

The Jews employed flagellation as a punishment, but never as a volun-

tary act of devotional exercise. This practice was unknown to the

primitive Christians ; neither does it oppear that the first hemiita of

the Thcbaid added Bclf-flagellation to the different modes of i>enanoe

with which they tortured their body. The rules of the first monas-

teries in the East, drawn up by St Anthony, Paphnutius, Macarius,

and others, contain no ordinances as to that kind of discijiline, neither

is it mentioned in the original regulations of the licncdictine order,

the firat that was established in the West. The legends which describe

the lives of the saints who lived before the begiiming of the 6th

century never speak of self-flagellation amongst the various torments

which the above-mentionod saints innicUKl on themselves.

The first known instances of this kind of sclf-mortilicatioii occur

about A.o. 400, and from that time they became continually more
frequent till the year 1056, when Cardinal Peter Damian do Honeslis

promoted by all his influence the practice of self-flagellation, which
the learned author of the ' Ecclesiastical Annals,' Cardinal Baronius,

calls "a laudable usage of the failliful." Damian's efforts were
attended with great success, and tlic chronicIcTs relate that persons of

religious dispositions were seen ever}-whcre armed with tvliips, thongs,

and rods, laoeniting their own skins in order to draw down on tlicm-
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Selves the blessings of Heaven. This practice began to spread so

widely that many of the less bigoted clergymen endeavoured to dis-

countenance it, but unsuccessfully, and it became every day more pre-

valent among the besotted crowds of that dark age. About the year

1260 the intoxication was complete. People being no longer satisfied

to practise similar mortifications in private, began to perform them in

public on pretence of gieater humiliation. Regular a.ssociations and
fraternities were formeil for that purpose ; and the extravagancies
which they committed were of such a nature that even the contem-
porary writers, although accustomed to such scenes, seem to have been
struck with astonishment. The monk of St. Justina, the first author
who gives a circumstantial account of these fanatics, says the practice

was attended with good effects.

" Then," continues the same author, " those who were at enmity
with one another Ijecame friends. Usurers and robbers hastened to

restore their ill-gotten riches to their right owners. Others who were
contaminated with different crimes confessed them with humility, and
renounced their vanities. Jails were opened, prisoners were set free,

and banished persons permitted to return to their native habitations."

This sudden repentance was the effect of the terror inspired by the
general belief that the end of the world was at hand. Such mental fever

could not last very long, and indeed it seems to have soon subsided.

But in the 1 4th century, when the imaginations of the people were
excited by the terrible pestilence known under the appellation of the
black death, which desolated all Europe diu-ing that century, the
Hagellatiou mania broke out with new fury. The flagellants held
that flagellation was of equal virtue with baptism, that the law of

Christ was about to be abolished, and a new law, enjoining the baptism
of blood, to be administered by whipping, was to be substituted in its

place. Not only all the scenes of the 13th century were re-enacted,

but the excesses of fanaticism became even worse than before. The
flagellants spread over all Europe, and a band of them reached
London in the reign of Edward 111. Their number consisted of 120
men and women. Each day at an appointed hour they assembled,
ranged themselves in two lines, and paraded the streets scourging
their naked shoulders and chanting a hymn. At a given signal, all

with the exception of the bst, threw themselves flat on the ground

;

and he who was last, as he jmsaed by his companions, gave each a lash,

and then also lay down. The others followed in succession till every
individual in his turn had received a stroke from the whole brother-

hood. The citizens of London gazed and marvelled, pitied and com-
mended ; but they went no farther. Their faith was too weak, or

their skins too delicate; and they allowed the strangers to monopolise
all the merits of such a religious exercise. The missionaries did not
make a single convert, and were obliged to return without any other
success than the conviction of baWng done their duty to an unbelieving

generation. (Stow's ' Annals.')

Eiirly in the 15th century they re-appeared in Germany, and their

le.vler, Conrad Schmidt, was burnt as a heretic in 141 4 ; but the sect

continued to exist nearly throughout the century, Their doctrines,

however, were widely different from those of their preclecessors. They
taught th.-it the Roman Catholic belief in the etiicacy of the sacrament,
]>urgatory, and prayers for the dead were false ; and that faith and
flagellation, with a belief in the aixjstle's creed, were alone necessary

for salvation.

The purity of the first flagellants was not long preserved by their

followers, and it was but natural that a fanatical rabble, who thought
that self-torment was a sufficient atonement for all possible sins,

should fall into great excesses. The fl:igeUants were soon accused of

many crimes ; tlie celebrated Qerson attacked them in his writings,

and Pope Clement VIL declared them heretics, and thundered out
anathemas against them. The flagellants were persecuted everywhere,
and many of them were burnt as heretics. It was, however, with
great difficulty that this sect was completely extirpated. For further
particulars about the llngellants see all the ecclesiastical histories ; and
alrto Jacfjues Boileau, ' Uistoire des Flagellans

;

' an English paraphntw
of the same work appeared under the title 'Memorials of Human
Superstition by one who is not a Doctor of the Sorbonne ;

' see also

Muratori's ' Antiquit. Ital. Medii JEvi,' and Mosbeim's ' Ecclesiastical

HiJitory.'

FLA'OEOLET, a small pipe, or musical instrument, of the flute

kind, played on by means of a mouthpiece, in the manner of the old
Englinh flute and pitch-pipe. Its compass is two octaves, from F, the
firflt space in the treble cleff, to r in altissimo. The scale of the
'/ii'i'!n//r jtageoitt is rather more limited ; and that of the patent octave
jtiiiifiilri is an oc-tave higher than the ordinary instruments.

The (l':iiljle jbvjtriltt consists of two instruments, united by one
mouthpiece, producing, aa its name indicates, double notes. The use
of tijc flageolet is now almost entirely confined to the ball-room ; it is

superseded by the octave flute, or JIauto picaUo. [VlAm.]
FLAKK WHITE. [Coloubiso MATTlBa.]
FLAMBOYANT, a term employed by many writers to designate

tliat style of French Gothic architecture which corresponds in time to
what ia commonly called the Pei^ndicular style in England. The
name was given to it from the waving or flame-like curvM of the
tracery of the windows, Ac. [Gothic Aiichitectdre.]
FLAME i* the combustion of gaseous or of volatiliaed fluid or solid

matter. It is attemlecl with gieat heat, and sonietiiucH with the

evolution of much light; but the temperature may be intense
when the light is feeble : this ia the case -n-ith the flame of hydrogen
gas, it being scarcely visible by daylight, though its heat is intense

;

the combustion of hydrogen is then an example of flame resulting from
the chemical action between it and the oxygen of the air. As there is
no solid matter in the flame of this gas, the light which it yields is
inconsiderable ; but it is greatly increased by dusting finely divided
charcoal into the flame.

In the burning of a candle, the wax or tallow being first rendered
fluid by heat, rises in the wick, and although the wick supplies some
hydrogen and carbon, by far the greater portion of these is yielded by
the wax or tallow, which bum by the assistance of the oxygen of the
air. The supply of hot vapour diminishes as it ascends, and eventually
fails, and hence the flame of a candle gi-adually tapers to a poiut and
then ceases.

Two opinions have been entertained as to the mode in which flame
is produced and propagated. According to Sir H. Davy, the flame of
combustible bodies "must be considered as the combustion of an
explosive mixture of inflammable gas or vapour and air ; for it cannot
be regarded as a mere combustion at the surface of contact of the
inflammable matter ; and the fact is proved by holding a taper or a
piece of burning phosphorus within a large flame made by the com-
bustion of alcohol ; the flame of the candle or of the phosphorus will
appe,ir in the centre of the other flame, proving that there is oxvgeu
even in its interior part." (' On the Safety-Lamp,' p. 45.)

In the opinion of Mr. Sym (' Annals of Phil.,' vol. viii. p. 321), " the
internal part of the flame is comparatively cool, the actual combustion
being difTused over the surface, and concentrated at the apex." Mr.
Sym adduces many curious and important experiments in proof of his
opinion ; but the most decisive facts in its favour are those related by
Mr. Davies (' Ann. Phil.,' vol. x., p. 447), and they appear fully to
warrant the inference he has deduced from them, that the interior of
flame will not support combustion, and that on accoimt of its containing
little or no oxygen.
A piece of phosphorus was placed upon a small wooden stand in a

AVedgwood dish ; spirit of wine was then poured into the dish in such
a manner that it did not reach the pho.sphorus. The spirit of wine
w.os lighted, and its flame completely enveloped the combustible body.
In the course of a few seconds the phosphorus became fluid, and
remained in that state upon the stand, and ne^-cr in i. single instance
inflamed, until the alcohol was consumed or its flame extinguished,
though in several instances the spirit of wine continued to burn for
three or four minutes. The phosphorus alwaj^s burst into a vigorous
flame when the spirit of wine was extinguished. When the flame of
the spirit of wine was blown upon, so that the edge of it came in con-
tact with the phosphorus, the phosphorus immediately burst into a
flame ; but the flame was instantly extinguished and the boiling
resumed, as soon as the flame of the alcohol was restored to its natural
position.

Mr. Davies states .ilso that a lighted wax taper surrounded by alcohol
was extinguished when the alcohol was inflamed.
That flame is merely a thin film of white hot vapour, and that its

combustion is entirely superficial, while inflammable matter is con-
tained within which cannot bum for want of oxygen, is proved by
inserting one end of a small hollow glass tube into the dark central
portion of the flame of a large candle or of a gas-light ; the interior
unbumt vapour or gas will escape through it, and may be lighted at
the other end of the tube.

A most intense light, employed by Lieutenant Drummond in
geodetical operations, is producett by passing a stream of oxygen gas
directed through tlie flame of alcohol upon lime turned into the form
of small balls. He found the light emitted by the lime when exposed
to this intense heat to be 83 times the intensity of the brightest part
of the flame of an argand burner of the best construction and supplied
with the finest oil. Lime has since been used with the oxy-hydrogen
blowpipe for the illumination of the solar microscope.
The brilliancy of flame ia much diminished by various cooling pro-

ce-ises : thus, when a piece of glass is put over or into the flame of a
candle, it becomes covered with charcoal in the state of soot, which
the diminished heat of the flame is incapable of burning. This takes
place to a much greater extent with oil and tallow than with alcohol

;

the latter containing less carbon and more hydrogen than the former,
its carbon is not so readily deposited by cooling.

It is on the cooling power of the metals with regard to flame, and
especially of wire-gauze, that the construction of the safety-lamp
depends. [Saff.tv-Lamp.] The uses to which flame is applied are
nimierous and highly important ; it is employed for the purpose of
giving heat in reverberatory furnaces and in the blowpipe, and for that

of yielding light in gas- and oil-lamps and candles. It is to be observed,
that flame is produced by various other chemical processes, and by
other means than the combustion of substances containing hydrogen
and carbon, though the latter arc the elements from which it is

obtained for all the numerous purposes of common life and manu-
factures.

FLAMED, FLAMINES, one of the orders of priesthood in ancient
Rome, like the Salii, the Feciales, and others, instituted, according to
tradition, by Numa Pompilius. The Flamines were e.ach destined

to the service of some particiUar deity ; there was the Flaraen Dialia
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who «« oooMented to the wvrahip of Jupitar, and was the flrat in

raok, the Fluoaa XartUlis, who attMded to the wonhip of Man,
FUoiea QuirioelM, &«. They aojorad gra^ oonadenktion. and tbeir

wivw, called FUuiinicac, atteodea the aacrifloes and other ncred

fffTtnt'"'** But with their |irivtlegea they were aulijected to |;reat

mlii[ liiiiiii ; they oould not be abeent fr»m the city more than a aingle

aight ; nor from their okh beda mure tbiui two nighte oonaeoutively

;

nor mount on horaebaek ; nor touch a horse, a dog, or a corpae ; nor

awear an oath ; nor wear a ring with atones, Ac. ; and if hi« wife died

the Klamao was oompelled to resign his offioe. The Flamiiiea were

dittiiMTliihtd by a peculiar pileua, or hat, of a conical ahape, which
waanatsned under the chin. Their number, which was originally

oohr three, was increased afterwards as new gods were introduced, and

^laa* even the emperors, being deified after death, had a Klomen
appointed for them. The Flaminea were chosen, the three named
stwve from among the patrician^ the others from the plebeians.

FLANK <'{ a Wition, Jtc, is the term appUed iii fortification to that

portion of a work, the tire from which being in the direction of, and in

front of, any work, would take in Hank the attacking party, thereby

most materially aiding in the defence, for it is evident that without

such works to sweep by their fire along the foot of a high revetment-

wall, or parapet, the attacking party would, when they reached such a

position, be safe from the besiaged, except in so for as band-grenades and
sheUs rolled over the parapet oould reach them and might place their

scaling ladders, or carry on mining operations to break the ramparts,

in perfect security. In fact, such has been done in Indian forts, where

from the curvature or irregularity of the wall, the tire from the

adjacent flanking towers was inutfectivei The line of defence, or

length of line flunked by a work, will depend on the range, &c., of the

wea{>ons tii'ed ; with the old musket it was considered that 180 yonls

was the ^p^iatest length admissible. [Bastion.]

KL.\N.N'liL MANUFACTURE. Flannel is made of worsted yam,
spun much more loosely than that for most kinds of garment cloths,

and finished with a less amount of dressing ; but the manufacturing

(iterations are nearly the same in principle : and therefore it will suflice

to refer to Woollkn akd Wobstko Mamcfactuke for an account of

the machinery and processes employed. It may be well, however, in this

plaoe, to mention a few specLilities in relation to this branch of industry.

Wales is the country in which flannel was originally mode ; aud the

flannel produc«l there is still held in high repute lor inner vests and

other purposes. This superior flannel is made chiefly about the neigh-

bourhood of W'elchpool and Newtown ; it is better than most of the

English, but not so cheap. The finest is made from the fleece of the

Welch mountain sheep. Lancashire, and especially Kochdole and its

neighbourhood, is the district where flannels are mode more extensively

than in any other part of the British dominions, perhaps than in any in

the world. They are woven in that county in a great variety of width

and substance ; such as the thin gauze, the medium, the thick, the

double-raised, and the swanskin flannels ; some for home consumption,

some chiefly for foreign. Machinery is more generally used here than

elsewhere in the manufiicture ; that is, the mule for spinning, and the

power-loom for weaving. Saddleworth, and the adjacent district of

West Yorkshire, are remarkable for the manufacttu% of very tine

flannels, which find a ready sale at gooil prices in London. A few

cheap and common flannels lU'e made in the Leeds district, retaining

the natural colour of the wool. In the West of England, white aud

dyed flannels ore made in small quantity, partaking somewhat of the

tiuality of light cloth. Ireland produces coarse flannels, called Ualmxya,

mode of Iriwi-grown wool, and ada|>ted for the native population. Uf
continental nations, France and Belgium produce the b^t flannels ; the

fine light flannels of the first-nametl country are well adapted for

dyeing or printing.

The extent of the exportation of flanucU cannot be ascertained from

the Board of Trade returns, seeing that they are combmed as one

among several items belonging to the class of Worsted Goods.

FLASK. In chemistry, a glass vessel of a more or less globular

form, with a neck, used for heatijig liquids.

FLAT, in music, a character originally represented by a small h,

though time has somewhat altered its outline, and the following is

now its form

—

9. The Flat is used to lower, or depress, by the degree

of a semitone, any note in the natural scale. In ancient music, before

the ohancter of the Natural was introduced, the I'lat was employed

to reduce any note which had been made sharp, to its natural state.

Whet* Flats are pUoed at the clef, they are always taken in the

following order :

—

-- 1^ M. 4di. Mk. Mk. ;ik.

When a Flat, not appearing at the clef, occurs in any other part of

the composition, it only aSects the bar in which it is placed, and is

caUed an AccidaHal Flat.

The DoirBi.E Flat I Iw ] in fretiuently employed in very chro-

matio mtiaia. It lowers a note two semitones below its natural state.

Thus, B doMt-Jlat I fc—^^p I is, in fact, a naiurd l^. This character

is used chiefly in Enharmonic modulation [Exrabxoxic], in wfakdt it

is practically convenient, if not absolutely necessary, oooasionally to have
an additional name for each note in the diatonic mini ehromntir sealm.

FLAVIN. [V mh, Diplunsl-wrm.]

FLAVINDIN. [l.M.i.io.J

FLAX(i^iMum tuilatiuimam) is an annual plant, cultivated from
time immemorial for its textile fibres, which are spun into thread and
woven into linen cloth. It haa a green stem &om a foot and a lialf to

two feet high, and a bhie flower, which is succeeded by a capsule con-

taining ten flat oblong seeds of a brown colour, from which an oil i'

ezpraased, which is extensively used in m.inufactures and in pnint 1 :-.

There are several varieties of flax cultivated ; the beetaeed comes nojn
Riga and from Holland. As the different varieties arrive at maturity
at diS°erent times, and the stem rises to different heights, it is very
essential that the seed be not mixed, as this would occasion great
inconvenience and loss in the pulling of the flax. There is a ver^- fine

long variety which is cultivated in the neighbourhood oi Coiutray, in

Fhmders ; it requires a very good soil to grow in, and the stem is so

long and slender that if it were not supported the least wind would
break it and lay it flat, in which case the quality of the flax woidd be
much impaired and the quantity reduced. To prevent this, short

stakes are driven into the ground in a line at eight or ten feet from
each other, and long slender rods are tied to them with oziers about a

foot or eighteen inches from the ground, forming a slight railing to

supiK)rt the flax : a number of these are placed in the same manner at

a short distance from each other in jioFallel lines all over the field, and
the flax is thus prevented from being best down. A better method,
which is not commonly adopted, is to have stakes in regular rows, aud
thin ro]>e8 tied to them instead of rods : by having these lengthways

and others across them at right angles, a kind of large net is spread

over the whole field, and none of the flax can possibly De laid flat. By
using cheap rope or strong tar twine from old cables, the expense is

not very great, and much less room is taken up than by the rods. When
the flax is pulled, the stakes are token up, and removed to a dry place

till they are wanted again.

The most common variety of flax is of a moderate length with a

stronger stem : if it is nut sown very thick it will throw out branches

at top and produce much seed ; it is therefore a matter of calculation

whether it will be most ])rofitaVile to have finer flax with leas seed, or

an inferior quality with an abundiuice of seed.

There is a small variety which does not rise above a foot, grows fast,

and ripens its seed sooner. When linseed is the princi]>al object, this

variety is i>referred ; but the flax is shorter and also coarser.

Another variety of flax has a perennial root, and shoots out stems
to a considerable height. It came originally from Siberia, and was
much recommended at one time, but its cultivation did not spreaiL U
it were sown in wide rows imA kept free irovn weeds l>y hoeing, it

might perliaps be profitably cultivated for the seed ; and il' the liox is

inferior in quality, it might still be of some value for co.irse manu-
factures ; it requires however to be renewed every three or four years

and sown in fresh ground.

The soil best adapted to the growth of flax is a deep rich loom in

which there is much vegetable mould. It should be mellow and loose

to a considerable depth, with a sound bottom, neither too dry nor too

nxiist ; cither extreme inf.illibly destroys the flax ; it is therefore not

suited either to hot gravelly soils or cold wet clays, but anj' othtr

soil may be so tilled and prepared as to produce good flax. It thrived

well in the rich alluvial land of Zciklimd and the polders, but it is also

raised with great success in the light sands of FUnders, but much more
carefid tillage and manuring are required. The laud on which flax is

sown must be very free from weeds, the weeding of this crop being

a very imiiortant part of the expense of cultivation. These cii-cuni-

stancca suggest the best mode of preparing the laud. A long fallow,

such as is sometimes given to the land in Essex, including two winters

and a summer, may be a good praparation on the heavier looms, which
should be trench-ploughed and worked deep ; tlie manure should l>e

dung fully rotten, or a compost of earth and dmig ; it should be put on

the land in autumn, and well incorporototl before the seed is sown. If

the land is sutficiently clean, a crop of potatoes well manured may be

substitutetl with ailvantage for the fallow; but at least double the

usual quantity of dung sliould be given to this crop that enough may
remain in the ground for the flax. Lime may l>e used if the soil

contains a great portion of clay ; but in the lighter loams there is some
doubt of its advantage for flax. At all events it should not be used

immediately before the flax is sown, but for some previous > 1 T",

ashes are excellent ; they improve the soil and keep olf in 1

are apt to injure the roots of the flax. For want of peat .<. :— ... o

mode by the burning of weeds and earth in a smothered fire are a giHxl

substitute. But the most effective manure is the sweepuigs of the

streets in towns mixed with the emptying of privies and the ck-Hning

out of the butchers' stallsand shambles. Uu light soils m\ich manure is

required ; and where night soil cannot be obtuned in sutlicient quan-

tities, rape cakes, from wliich the oil has been exprcsBc<l, dissolved in

oows' urine, form the beet manure. In maity parts of Flanders SUU

lape cakes are used for every acre uf flax, besides the usual quantity of

Dutch ashes and uf liquid manure, which is the drainings of dunghills

and the urine of cattle collected in a cistern and allowed to baoome

putrid.
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In southern climates flax is sown before winter, because too great

heat would destroy it. It is then pulled before the heat of summer.
In northern climates the frost, and especially the alternations of frost

and thaw in the early part of spring, would cause the flax to perish ;

it is consequently sown as early in spring as may be, so as to avoid

the effect of hard frost. This is in April in Great Britain and Ireland,

and in Holland and Flanders. In no country is the ground better

preparetl for the growth of flax than in Flanders ; and it may therefore

be interesting to follow the whole process of Flemish cultivation for

several crops preparatory to that of flax, which is the most im-
portant produce in that country, and that which, when well managed,
gives the greatest profit to the farmer. The best flax grows near
Courtray. The soil is a good deep loam, rather light than heavy. It

is not naturally so rich as the soil of the jKilders in Flanders and in

Zealand, but the tillage and cultivation are far more perfect, and the
produce, if not more abundant, is of a finer quality. Every preceding
crop has a reference to the flax, and is so cultivated as to improve the
texture of the soil, which is abundantly manured in order to leave a

considerable surplus in the ground. If the land has not been trenched
all over with the spade to the depth of eighteen or twenty inches, it

has been e<iually well stirred by the narrow open drains which are dug
out twelve or fifteen inches deep every year between the stitches in

which it is laid by the plough. These drains, or water furrows, are a

foot wide, and from a foot to eighteen inches deep. The earth taken
out of them is spread evenly over the land after the com is sown.
When the ground is ploughed again, care is taken that the place of

these water-furrows shall be shifted a foot on each side. Thus in six

years the whole soil is deepened and thoroughly mixed with whatever
manure has been put on. This produces the same effect as trenching,

and even more perfectly. The whole of the land in which the best

flax grows has been so treated for several generations, and may be
looked upon as a species of compost eighteen inches deep. Potatoes

or colza are usually planted with a double portion of manure, after

which wheat is sown, slightly manured ; then rye with turnips sown
the same year after the rye. These are taken up in September or

October, and stored for winter use. The land has been well weeded
while the turnips were growing, and all the manure is decomposed and
mixed with the soil. It is ploughed in stitches before winter, some
manure having been previously spread over it if necessary ; .'«nd it is

left exposed to the mellowing effects of frost and snow. As soon as

the winter is over, and the snow is melted, the final preparation goes

on. Deep plou^iing and harrowing further divide and pulverise it

:

the surface is laid as level and smooth as possible ; and if there is no
fear of too much wet, which in this light loam soon disapi)earB, the
whole is laid flat and level as a bowling-green, or else divided into beds
with water-furrows between them. On this the liquid manure is

{xnired out, and the Dutch ashes spread if any are used, or the rape-

ctkes, as mentioned before. The harrows are drawn over the land,

.md it is left so a few days that the manure may sink in. It is then
again harrowed and the linseed is sown broadcast by hand, very
thick and even, about one hundredweight and a half to the acre. A
bush-harrow or a hurdle is drawn over, merely to cover the seed, which
would not vegetate if it were buried half an inch deep. According to

the state of the land it is rolled or not, or the seed is trodden in by
men, as is done with fine seeds in gardens. This is only in the lightest

soils. Most commonly the tratneau is drawn over the land. This is

a wooden frame with boards nailed closely over it, which is drawn flat

over the ground to level and gently press it. In a short time the plants

of flax come up thick and evenly, and with them also some weeds.

As soon as the flax is a few inches high the weeds are carefully taken

out by women and children, who do this work on their hands and
knees, both to see the weeds better and not to hurt the flax with their

feet. They tie coarse pieces of cloth round their knees, and creep on
with their face to the wind, if possible. This is done that the tender
flax, which has been bent down by creeping over it, may be assisted by
the wind in rising. This shows what minute circumstances are attended
to by this industrious people. The weeding is repeated till the flax is

too high to allow of it.

The seed which is used is generally obtained from Riga, it being
found that the flax raised from home-grown seed is inferior after the
first year. But many intelligent men maintain that if a piece of ground
were sown thin with linseed, so that the flax could rise with a strong
stem, and branch out, and if the seed were allowed to ripen, the
Flemish seed would be as good as that from Riga ; but it still remains
to be proved whether it would be cheaper to raise it or to import it.

When the flax begins to get yellow at the bottom of the stem it is

time to pull it, if very fine flax is desired, such as is made into thread
for lace or fine cambric ; but then the seed will be of little or no value.
It is therefore generally left standing until the capsules which contain
the seed are fully grown and the seed formed. Every flax-grower
judges for himself what is most profitable on the whole. The pulling
then begins, which is done carefully by small handsful at a time.
These are laid upon the ground to dry, two and two obliquely across
each other. Fine weather is essentia! to this part of the operation.
Soon after this they are collected in larger btmdles and placed with
the root end on the ground, the bundles being slightly tied near the
seed end ; the other end is spread out that the air may have access,
and the rain msy not damage the flax. When sufficiently dry they

are tied more firmly in the middle, and stacked in long narrow stacks

on the ground. These stacks are built as wide as the bundles are long,

and about eight or nine feet high. The length depends on the crop

;

they are seldom made above twenty or thirty feet long. If the field

is extensive, several of these stacks are formed at regular distances

;

they are carefully thatched at top, and the ends, which are quite per-

pendicular, are kept up by means of two strong poles driven perpen-
dicularly into the ground. These stacks look from a distance like

short mud walls, such as are seen in Devonshire. This is the method
adopted by those who defer the steeping till another season. Some
carry the flax as soon as it is dry under a shed, and take off the
cajisules nith the seed by ripplhig, which is drawing the flax through
an iron comb fixed in a block of wood ; the capsules which are too
large to pass between the teeth of the comb are thus broken off and
fall into a basket or on a cloth below. Sometimes, if the capsules are

brittle, the seed is beaten out by means of a flat wooden bat like a

small cricket-bat. The bundles are held by the root end, and the
other end is laid on a board and turned round with the left hand,
while the right hand with the bat breaks the capsules, and the linseed

falls on a cloth below. The flax is then immediately steeped ; but the
most experienced flax-steepers defer this operation till the next season.

In this case it is put in bams, and the seed is beat out at leisure in

winter. When flax is housed, care must be taken that it be thoroughly
dry ; and if the seed is left on, which is an advantage to it, mice must
be guarded against, for they are very fond of linseed, and would soon
take away a good share of the profits by their depredations.

Steeping the flax is a very important process, which requires ex-

perience and skill to do it properly. The quality and colour of the
flax depend much on the mode of steeping ; and the strength of the
fibre may be injured by an injudicious mode of performing this opera-

tion. The object of steeping is to separate the bark from the woody
part of the stem, by dissolving a glutinous matter which causes it to

adhere, and also destroying some minute vessels which are interwoven
with the longitudinal fibres, and keep them together in a kind of web.
A certain fermentation or incipient putrefaction is excited by the
steeping, which must be carefully watched, and stopped at the right

time. The usual mode of steeping is to place the bundles of flax

horizontally in shallow pools or ditches of stagnant water, keeping
them under water by means of poles or boards with stones or weights

laid upon them. Water nearly putrid was supposed the most effica-

cious, and the mud was often laid over the flax to accelerate the
decomposition : but this has been found to stain the flax, so that it

was very difficult to bleach it or the linen made from it afterwards.

The method adopted by the steepers of Courtray, where steeping flax

is a distinct trade, is different. The bundles of flax are placed
alternately with the seed end of the one to the root end of the other,

the latter projecting a few inches : as many of these are tied together

near both ends as form a thick buntUe about a foot in diameter. A
frame made of oak-rails nailed to strong upright pieces in the form of

a box 10 feet square and 4 deep, is tilled with these bundles set

Frame In which the flax is packed to be steeped in the river Ljs in Flauders,

upright and closely packed. The whole is then immersed in the river,

boards loaded with stones being placed upon the flax till the whole is

sunk a little imder the surface of the water. The bottom does not

reach the ground, so that the water flows over and under it. There
are posts driven in the river to keep the box in its place, and each

steeper has a certain portion of the bank which is a valuable property.

The flax takes somewhat lunger time in steeping in this manner than
it does in stagnant and jjutrid water, and it is asserted by those who
adhere to the old method that the flax loses more weight ; but the

colour is so much finer that flax is sent to be steeped in the Lys from
every part of Flanders. When it is supposed that the flax is nearly

steeped sufficiently, which depends on the temperature of the air, the

flax being sooner steeijed in warm weather than in cold, it is examined
carefully every day, and towards the latter part of the time several

times in the day, in order to ascertain whether the fibres readily

separate from the wood the whole length of the stem. As soon as this

is the case the flax is taken out of the water : even a few hours

more or less steeping than is necessary will make a difference in the

value of the flax. If it is not steeped enough, it will not be easily

scutched, and the wood will adhere to it. If it hiis been too long in

the water, its strength is diminished, and more of: it breaks into tow.

The bundles are now untied, and the flax is spread evenly in rows



lU FLAX. FLEXIBILITY. U*

ifightljr orarUpping e*ch other OQ ft (kiaoe of dean onooth gran which

kM bean mown or fed off dose. Fine weather is auential to thia put
of the proceii, rain would now much injure the flnx. It is occa-

dooalljr turned over, which is dune dexteruusly by pushing a long

lander rod under the rows and taking U|> the flax near the end which
orarlaps the next row and turning it <|iiite over. Thus, when it is all

torDed, it orerlapa aa before, but in the contrary direction. It remains

q)md out upon the grass for a fortnight, more or leaa according t<> the

aaaaon, till the woody part becomea brittle and aome of the finest

fibres separate from it of their own accord. It is then taken up, and
as soon as it is quite dry it is tied up asain in bundles, and c.irried

into the l«m to be broken and heckled at leisure during the winter.

In the domestic manufacture the flax is broken or scutched at home,
whan the weather prerenta out^door work. The common break con-

rista of four wooden aworda fixed in a frame, and another frame with

thiee aworda which fit in the interatices of the first by means of a

joint at one end. The flax is token in the left hand and placed between

the two framea, and the upper frame is pushed down briskly upon it.

It breaka the flax in four places, and by moving the left hand and
rapidly repeating the strokes with the right the whole hnuilfiU is sooiv

broken. It is then scutched by means of a board set upright in a

block of wood so as to stand steady, in which is a horizontal slit about
three feet from the ground, the edge of which is thin. The broken

Vptigbt board to dear the flax of the vrood.

flax held in handsful in the left hand is inserted in this slit, so as to

project to the right, and a flat wooden sword of a peculiar shape is held

m Uie right hand ; with this the flax is repeatedly struck close to the

Flat nrord or wutcher.

uprii^t board, while the part which lies in the slit is continually

changed by a motion uf the left hand. This operation beats off all

the pieces of the wood which still adhere to the fibre, without breaking

it, and after a short time the flax is cleared of it and fit to be heckled.

But the operations uf breaking and scutching are tedious and laborious

when thus executed by hand. A mill is now used (where large

qnantitiaa of flax are required for manufactures), having three fluted

cylinden, one uf which is made to revolve by horse or water power
and carries the other two round. The flax plants are passed between
theae cylindere while thus revolving, and the stalk, or 6oon, as it is

technicaUy called, is by this means completely broken without injuring

the fibres. The scutdiing is accomplished in the same mill by means
of four arms projecting from a horizontal axle, arranged so as to strike

the bocm in a slanting direction until the baric and other useless parts

of the plant are beaten away. In the last process by which flax is

prepared for the spinner, the hecUing, the instrument employed, called

the heckle, ia a square piece of wood studded with rows of iron teeth
about four inches long,- and disposed in a quincunx order. The fine-

neaa of the heckle is dioaen with reference to the quality of the flax,

and heckles differing in thia ren>ect from each other are used at
diflinent stages of the dresaing, the ooaraeat first, and the finest to
^e the last degree of amoothness and finish to the flax. The opera-
tion of heckling is performed by the workman grasping a handful of
flax by the middle and drawing firat one side or end and then the
other through the teeth of the heckle until every particle of extra-
naooa matter ia removed, and the whole of the filaments are arrange<l
in distinct, aren, and parallel fibres.

The cultivation of flax in this country, notwithstanding the energetic
advocacy of enthuaiastio men, and even of aodetiea eatablished for the
purpoae, haa been if anything declining. Mr. Warner, of Trimming-
ham, near North Walaham, in Norfolk, advocated the cultivation of the
crop with great energy for several years, and induced many to attempt
it : and is Ireland a society for the encouragement of its cultivation
waa supported by a government donation, and employed Belgian and '

other teochera to expUin in the diflhrent localities the bust method of
cultivation. The s}-stem of steeping for weeks in order tu effect

the aeparation of the fibre, is now very generally displaced in this
oountry by Schenk's method uf soaking for a day or two in vats
of warm water ; and wherever manufactories on that plan have been
established, and a market thua provided for the atraw, the crop retaina
its place in our rotations. Orown after clover or almost any green crop,
with diligent and cleanly tillsge and liberal manuring, a crop uf
sufilcient bulk is obtained to repay cultivation, but the peculiar and
laborious character of its cultivation generally so far interferes with
the ordinary economy i>f labour on onr small forms, that it is not a
general or increa.iing favourite with the British fanner.

1'L£CHE, a small wurk consisting of two faces, which form a ailient

angle. It is coustrucle<t at the foot or beyond the glacis of a place in

order to give an advanced musquetry fire, when such is desirablt; fn>ni

the cunfonuatiou of the groimd, to see down a small ravine or huUow
for instance, or to enfilade a besieger's trenches.

FLETA is a commentary in Latin on the entire body of the English
law, as it stood at the time when the author wrote. It is supposed to
have been written about the thirteenth year of the reign of Edward I.,

as the statutes passed towards the end of his rcigu are not noticed,

while that of Westminster II. is often quoted. The author gives as
the reason for the title of his book, that it was written during his con-
finement in the Fleet Prison : who hfi was is not known. The author
has followed Bracton in the matter and manner of his work, having
adopted his plan, and in many instances transcribed whole pages from
him. He also followed Olanville in many instances. Various obscure
passages of both those writers are illustrated by Fleta. (Keeve's
' Eng. Law.')
• The work was originally published by Seldcn from an ancient manu-

script in the Cottonian Library, together with a small treatise in kw
French, entitled ' Fet Assavoir,' which is a collection of notes concern-
ing proceedings in actions, and a learned dissertation by Sclden him-
self. Two editions only have been published in England, one in 1647,
the other in 168S, which last corrects many hundred errors which had
been caused in the first edition by an imskilful copyist (Bridgman). It

is also printed in Houxurd's collection. [Britton, in Bioo. Div.] Pre-
sident Henault, in his ' Chronological Abridgment of the Historj' of
France,' tome i. p. 258, refers to Fleta as an historical authority.

FLEET PRISON, a metropolit.^n prison, pulled down in 184.5, and
so called from its being situated by the side of the river Fleet, now
covered over. It was the prison to which persons were committed by
the ecclesiastical coiu-ts, the courts uf equity, and the Exchequer and
Common Pleas; but was abolished by the 5 & 6 Vict. c. 22, which
established the Queen's Prison (formerly the (Jueen's Bench Prison) aa
the only prison for debtors, bankrupts, and other persons who might
formerly have been imprisoned in the Queen's Bench, the Fleet, or the
Harahalsea prison.

FLEUR-DE-LIS, a term of blazonry for the flower which resembles
an iris, and which, previously to the French Revolution, was borne
first semde, and then three, as representing sem^e, in the arms of

France. In old English it was called the jiuirertle-lucf. Its origin and
history have l)een variously stated by the French antiquaries. Some
have considered it aa the flower which grew on the banks of the river

Lys, which separated Artois and France from Flanders ; others xtato

that Louis VII., who began his reign in 1137, first adopted it in

allusion to his name of Loi/t, and because he was called Ludoricut
Flonit, or the Young. The coins of Louis VII. are allowed to be the
first on wliich the Jletir-df-lis ai)])car8, aa well as upon his smaller or

counter seal. The fiear-de-li» were originally home semde, without
regard to number : according to common belief Charles VI. Wiis the
first of the French monarchs who reducol them upon his shield to
three. Le Blanc, however, remarks that three fleur-delis only occur
upon the seal of Pliilip do Valois, aa well as upon an impression of a
seal of John, King of France, appended to a charter of 1365. Much
upon the history of the llcurdells may be seen in Kuretiire's ' Dic-

tionnaire Universel," v. ' Lis ;
' and more especially in Rev's ' Histoire

du Drapeau, des Couleurs, et des Insignes de la Monarchie Fraufair^c,'

8vo, Par. 1837, toni. ii. Uixjn crowns and the tops of scpptrcs the
Jleur-de-li» was used by other nations as well as France from a very
early period.

FLEXIBILITY is a property of Imdies by which they yield trans-

versely, on the application of some power. There is no snlistance that

is not more or less flexible, because there is no substance that is per-

fectly rigid, and if the rigidity of a body be imperfect it must be to

some extent flexible. This property ia distinct from Elasticitt, as it

does not necessarily follow that the bodies acted on recover their

original figures when the power is removed.
Fibres of wool, silk, hair, and the like, possess this property in a

Itigh degree ; rods of wood, metal, and stone are flexible, and those
of the two lost materials are more particularly so when heated.

The proi>erty is so much the more aensible as tne fibres or rods are
longer.

When a body instead of yielding and changing its fumi under the
action of a force, breaks, it is said to be britlU. These qualities of
flexibility and brittleness are present in various degree in difTerent

bodies, and under certain conditions either property may be imparted
to the same body ; brittleneas, however, being rather a consequence of
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hardness thau an independent property of matter. If iron, steel,

brass, and copper, be heated and suddenly cooled in cold water, they

become brittle, but if after being heated they are buried in hot

sand, and allowed to cool slowly, they lose their brittleness and
become flexible.

The deflexions of beams or bars in vertical and in horizontal positions,

when strained by weights, will be noticed under Materials, Strength
OF ; and the employment of the fibres of hemp and of iron or copper

wire in the formation of ropes will be explained under Ropes. Ropes
made of metal are said to be even more flexible than those made of

hemp, the capabilities of suspending weights being equal, and the

former being, of course, less in circumference than the latter.

The mathematical theory for the vibrations which may take place in

a, thread which is perfectly flexible, when small forces are appUed to all

its points ; and the investigation of formula; for determining the

position and velocities of the points at the end of a given time, may be
seen in Poisson's ' Trait<S de M&anique,' No. 482, &c., edit. 1833.

FLEXURE, CONTRARY. A point of contrary flexure in a curve

is that at which the branch of the curve ceases to present convexity to

a straight line without it, and begins to present concavity, or vice

versa. [CuB\'E.] But when a straight line passes through a point of

contrary flexure, the curve presents either convexity on both sides or

concavity on both sides.

The algebraical test of a point of contrary flexure is a change of

sign in the second differential coefficient of either of the two, abscissa

or ordinate, with respect to the other. It is frequently stated, in

works on the differential calculus, that the sole test of such a point is

tPy
^~3=0, where x and y are the abscissa and ordinate. This is not

correct ; the above equation may be true when there is no contrary

flexure, and there may be contrary flexures when the above is not true.

It is necessary and sufficient for a point of contrary flexure that -r^

should change its sign, which cannot be except when it is nothing or

infinite. Examine therefore all the roots of the two equations,

£y
djfl

=
1

and ^j- =

di?

and such of them aa are accompanied by change of sign give points of

contrary flexure.

For instance, let the equation of the curve be

3^= 3a:»— 20x< + 50x5— 60.e»

^=60 (-eS- 4x' + 5.<r-2)= 60 {x-\f (x-2)

<Py
then Tj= when x = 1 and when x = 2 : but there is only a point of

contrary flexure when x= 2, for when x= 1 there is no change of

sign.

FLEXURE OF COLUMNS. [Materials, Stbbsqth of.]

FLIBUSTIER. [Bccoa.veers J

FLINT-GLASS. [Glass.]

FLINTS, LIQUOR OF, is a solution of flint or silica in the alkali

potash ; it is prepared by fusing together a mixture of four parts of

hydrate of potash and one part of powdered flint or fine sand. When
a part of the fluid compound is poured out of the crucible, crystals are

formed in the residual portion, which, according to Berzelius, are com-

posed of one equivalent of each of its constituents. This compound,
sometimes called sihcate of potash, silica being regarded as an acid, is

soluble in water, and when sulphuric, nitric, or other powerful acids

are added to it, hydrate of silica is precipitated.

FLOOK. [AscHOB.]
FLOOR-CLOTH is made partly ofhemp and partly of flax, the former

being the cheaper of the two, but the latter better fitted to retain the

oil and paint on the surface. As a means of avoiding the necessity for

earns of joinings in the cloth, looms are constructed expressly for the

weaving of the canvas, of the greatest width likely to be required. As
brought to the floor-cloth factories, the pieces of canvas have generally
one of three scales of dimensions : 100 yards long by 6 wide, 108 yards
by 7, 113 yards by 8. The flax and hemp .-vre spun, and the canvas
woven, almost entirely in Scotland, chiefly at Dundee ; and the degree
of fineness is generally such as to present about 16 or 18 tlireads to the
linear inch.

The canvas, throughout the subaequent operations, retains the same
width as was given to it in the loom ; but it is cut into pieces varying
from 60 to 100 feet long : each of these pieces has to be stretched over
a frame in a vertical p<i8ition ; and in most of the factories there is a
large number of such frames, some 100 feet long by 18 or 20 high,
others 60 feet long by 24 high. As a means of transferring the canvas
to theae frames, it is, when the bales are opened, cut to the proper
length, laid down on the floor of a large room, and coiled round a long
wooden roller about 5 inches in diameter ; this roller is then lifted up
vertically and removed close to the frame ; one edge of the canvas is

nailed or hooked to one edge of the frame, and the roller is made to
tnvel onwards and to revolve in such a manner as to give off the can-

Taa as fast as the latter can he hooked to the upper horizontal bar of
ABTS AM) S«I. DtV. TOL. IV,

the frame ; when all is uncoiled and the canvas hooked on all four of
its edges, the sides of the frame are so drawn by winches and levers aa
to stretch the canvas to a degree of tightness nearly equal to that of a
drum, notwithstanding the e-xtent of the surface (from 1500 to 1800
square feet). Here the canvas remains many weeks, during moat of
the proces.ses.

Before the imprinting of the iiatteni which forma the most con-
spicuous feature in floor-cloth, the surface of the canvas retiuii-es a
great deal of preparation, to render it smooth and durable. The pat-
tern is applied on one surface only ; but both surfaces are painted and
prepared, the back before the front. A wash of melted size is applied
by means of a brush to each surface ; and, whUe this is yet wet, the
surface is well rubbed with a flat piece of pumice-stone, whereby the
little irregularities of the canvas are worn down, and a foundation is

laid for the oil and colour afterwards to be applied. To work over so

large an extent of surface, the workmen are provided with narrow
scaffoldings, buUt up in front of, but not in contact with, the surface
of the canvas : one scafibkl being in front and another behind the
canvas.

When the size-preparation is dried, the painting begins. The paint
employed consists of the same mineral colours as those used in house-
painting, and, like them, mixed with linseed oil ; but it is mtich
thicker or stiffer in consistence, and has very little turpentine added to
it. The first layer of paint is applied with a trowel ; or rather, the
(mint is dabbed on in large masses here and there, by means of a brush,
and then levelled and spread by means of a kind of trowel 12 or 14
inches in length. Ten or twelve days are required for this thick
coating to dry ; and at the expiration of this time a second coating is

laid on, thinner than the former, and appUed with a brush instead of a
trowel. These two layers of pamt are all which the back or hinder
surface of the canvas receives ; but the front or face receives a greater
thickness, and undergoes a greater number of processes. For instance,
after the sizing, the surface is rubbed down with pumice-stone ; then
comes the trowel-colour, followed by a second rubbing with pumice

;

and then two, three, or more layers of colour, applied with a brush,
each coating being followed by a rubbing with pumice before the next
one is appUed. The surface has by this time acquired a great degree
of smoothness, and the general substance suppleness and pliability.

The prepared canvas is next removed from its vertical ixjsition in

the frame, and wrapped round a roller, which is so placed as to allow
the canvas to be uncoiled and spread out on a table to be printed.

The printmg of floor-cloth is conducted much on the same principle

as that of pajjer-hangings for rooms. [Paper-Handings.] Both are
examples of colour-printing ; that is, the successive application of two
or more blocks or engraved surfaces, each one giving a diifercnt part

of the device from the others, and being supplied with paint of a
different colour. In the infancy of this art the pattern was given by
means of stencil-plates; thin plates of metal or of pasteboard were pierced

with holes at the parts intended to form the pattern, and the paint was
so applied aa to fall through these holes upon the surface of the canvas
spread out beneath. It was about a century ago that the use of wood
blocks superseded that of stencil-plates for this purpose. The first

block so employed was about 15 inches square, and had a simple device

of zigzag lines cut upon its surface ; when this was pressed face down-
wards on a cushion coated with wet paint, it took uj) a layer on all the

raised parts of the device, and was then in a fit state to imjiart its

impress to the canvas. The increased complexity arising from the
employment of several colours was a feature of later introduction.

As at present conducted, the printing of floor-cloth with several

colours requires much care on the part of the designer before the

painter enters on his department. In the first place, the device is

carefully drawn on the full scale on a stiff sheet of paper, and is

coloured fully in every part according to the exact appearance which it

is intended to present on the canvas. A second piece of paper is

placed under this, and with a pin or pricker a series of holes is made
through both papers, following the outlines of the pattern so far as

regards one colour, which we may suppose to be gi-een ; another blank

paper is placed under the pattern in lieu of the former, and the out-

lines of another coloured portion of the device are marked through
both papers with the prickpr ; and so on as many times as there are

colours, the outline of each colour being transferred to a paper distinct

from the others. An equal number of blocks of wood are then pre-

pared ; these consist of two thicknesses of white deal and one of pear-

tree wood, ranged at right angles with respect to the grain, to prevent

warping ; they are about fifteen inches square, by two and a half in

thickness, and the pear-tree surface is the one on which the engraving

is to be executed. One of the pricked papers is laid down on a

prepared block, and a little bag containing pounce or poimded charcoal

is daubed all over it ; the powder enters the pin-holes, and leaves upon
the surface of the wood a series of dots sufficient to guide the carver

in working out the design, which he does by cutting away all the

surface except where the lines of device are marked. All the other

blocks are treated in the same way ; and it is easy to see that each

one is left uncut at those parts which are cut away in all the others,

so as to avoid confusion of colours.

The blocks (which we ^vill suppose to be four for one pattern, red,

yellow, blue, and green) being ready, and the prepared canvas spread

out on a flat table, the printing commences. The paint (say red) is

I
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f|H«tft^ wHk • brush to the (urfatM of a pa<] or ctithion formed of

laimd enrared with floor-oloth ; the block, held by a bjuutle at the

tiadi, b placed bee downwards on thia ciuhiim, and the layer of paint

thua ubtained is tnnaferrad to the surface of the canvas by press ing
the block smartly down no the latter. A second impression is made in

a similar way by the side of, and close to, the first ; and so on
tkrooghout the Isagth and breadth of the oanvaa ; aadi impression

baiag about 16 inckaa square. The proper junction, or register, of the

nseassiye impressions is aided by pins at the comers of the blocks.

Vi'ben the whole surface ia thus printed with one colour, all the other

three are similarly applied in suooessian. Such would likewise be the

caae if ths numbw of colours was more than four ; but the greatn- the

number the greater would be the care necessary in adjusting the

numerous partial impressions so sa to ensure a proper arrangement of

the whole.

In printing floor-cloth for passages snd stain, where the width

leldom exceeds a yard, the canvaa is prepared in the frames as in other

ones; but it ia out up into strips before being printed, and has

usually a border given to its pattern by means of blocks much
BUTOwer than thoae employed in other casea. Where there are larga

patches of one oolour in the pattern of floor-cloth, they are not given

by smooth surtsces on the block, hut liy nieang of little projecting

squares technically called teeth ; the reason fur this is, that if a stv&oe
two or more inches square were laid on wet paint, it would not take up
the paint equally, but would exhibit it in an unequal gplat ; whereas,

if the surfsce were broken up into a number of smaller surfaces by
means of lines out in various directions, these lines would act as air-

Tenta, and the paint would be taken up pretty equally by the little

•quaiea or teeth.

One among the features which distinguish diaap oil-cloth (so-called)

from good, is the hastiness with which the processes are conducted

;

the paint has often insufficient time fur drying, and is sold for use

before it is fitted to bear the friction of the feet It has been suggested,

with some probability, that floor-cluth, especially when thus insuffi-

ciently dried, may tend to rot the boards of a flooring in a damp room,
by preventing the free escape of vapotu'.

Mr. Loudon (' Encyclop. of Cottage and Villa Architecture,' p. 346)

notices a suggestion for the use of paper instead of floor-cloth or carpet.

The carpet, aooording to this suggestion, is formed in the first instance

of any fragmentary pieces of linen, cotton, canvas, or other material,

sewn up to the required sise. This cloth is stretched on the floor of

a large room, and kept down in its place by being pasted round the

edges. On this foundation stout paper is pasted ; two thicknesses

bemg i^iplied in every part, with the joints so arranged as to be but
little perceptible. On this a surface of wall paper is pasted ; and here

an opportunity for the exercise of taste is afforded, smce a variety of

pleasing patterns may be obtained by the judicious combination of

fragments which are m themselves of very little account. When the

pattern ia thus far produced, it is coated twice with warm melted size,

applied so as to soak into every part of the paper, and to prepare it for

the reception of the varnish. One or more coatings of boiled linseed oil

re apidisd after the siie, and to the oil succeeds copal varnish. Of the
floor-covering so produced it is said, " these carpets are portable, and
will roll up with about the same eaae as oil-cloth ; they ore very
durable, are easily cleaned, and if made of well-cho«en patterns have a
very handsome appearance. Where labour is cheap the cost will be
very trifling ; the materials being of little value, and the expense con-

sisting ohiuy in the time requisite to put them together. Where
doth cannot be easily procured, the carpet may bo made by parting

paper to painted boards; when by repeated coats of paper it has
become strong and firm, it will separate from the paint and will be as

durable aa if mounted on any kind of cloth. For earth, brick, or stone
floors, in order to render them impervious to damp, these carpets may
be made with two faces, by pasting paper on both sides of the cloth

which forms their basis, and well oiling or varnishing them on the
under aa wdl a* the upper surface ; they may also be bound with
leather or any strong substance, to prevent moisture from penetrating
to the paste."

It lus also been more than onoe suggestml, that ' Oeographical
carpets' might advantageously be constructed for school-rooms and
sin^lar apartments. By this term is meant the employment of a
carpet or covering in which the lines of a map ore substituted for a
regular pattern. There would, as Mr. Loudon has stated, be a good
deal of diffloulty in working out the idea, since it would hare to be
daddad whstker the map should be printed before being laid down as

a earpat, or filled in hj hand afterwards. The choice of material too,
whathor linen, hoUand, or paper, would be attended with some diffi-

culty ; b>it such a map, especially if the northern portion of it were
directed to the northern side of the room, would not be without ita

vatoe in rendering the position of a country or district familiar to the
iMBoiaa ol the roooa.

• Ooodyaar have reoently patented a new kind of floor-covering,
to oambilM at once the qualities of durability, softness,

shatiwity, and obeapnesa. Carpels are expennive, and not adapted for
lialb or public rooms ; floor-cluth is wanting in softneai and elasticity.

It was to MMet this want that the substance called gamptuHron was
invented some rmn ago. Many persons consider, however, that the
luunpiulicon, often imed the floors of ohiirchee and other large

buUdinga, has a tendan^ to beoome brittle after some time of ua^ga.

Bs this as it may, Massia. Ooodyear have devised a mods of combing
cork, ootton, wool, and other fibrous materials, with india-rubber, and
snraadtng this mixture upon a back or ground of canvas or woollen. In
this state, the carpet or floor^iovering undergoes a kind of embossing
procsss, plain or in coloura. When thoroughly dried, it is said to have
the slastlcity and noiselessness of a velvet pie carpet, in addition to

much durability.

FLOORS. "The platforms wliioh form the soparate stories of a
building are habitaally known by the name of Floon, and they are

generally composed of the eeHing, the joult, and the Jloarboard§ ; great

varieties of construction ars, however, admitted in each of thess details.

The various modes of exeouting ceilings will be diaoussed under Plas-
TKRUl'a WoBK, and attention will in this article only be called to tba
parts of floors which coma exclusively within the attributions of the

carpenter and joiner.

Floors are either timple, or nngU-jouUd Jloon ; or framed Jloon.

In the former, the ceiling and floor-boards are attached direetly to the
joiste, which are made strong enough to carry the weight likely to be
brought upon them, without any intermediate support. In the framed
floors, a more complicated system of construction is adopted, for

girders are introduce*! to divide tiie bearing, and to them are .ittached,

as the case may be, binding-joists, bridging-joiste, and ceiling-joists

;

the two latter of which respectively carry the floor-boards and the

ceiling. It is usually considered that a single-joisted floor is, in pro-

portion to the cubical qiuintity of wood it contains, stronger than a
framed floor; but, as Tredgold very properly remarks, when the

bearing uf the joists becomes considerable, the ceilings of single-joisted

floors ore liable to be afieeted by the natural movements uf the tunber

;

and at all times it is easier to execute the works required to prevent

the transmission of sound in a framed, than it is in a single-joisted,

floor. [SocsJD Boards.]
The weight a floor may have to carry must of course depend upon

the purposes it is intended to fulfil. In house floors it is very rarely

indeed that a greater weight than 4S lbs. per foot, superficial, can be
applied, wliiUt in common shop and assembly-room floors, it is advisa-

ble to count uiM>n a load equal to 80 lbs. per foot, superficial, and in

bridges, upon a weight of 200 lbs. per foot ; if com or grain should be

stacked upon a floor, it is even desirable to calculate upon a looil of

250 lbs. on the superficial foot. Upon these data the strength of the

6rf»
timbers of a floor may be calculated by the formula w = ,' "C ; in

which w = twice the breaking weight in lbs., distributed over the

whole length, or the breaking weight applied at the centre ; 6 = the

bre.idth in inches ; d = the depth also in iuche« ; I = the clear length

of the bearing in feet ; and c = the coefficient of strength of the ^'arious

descriptions of wood. Tredgold gives, in his ' Elementary Principles

of Cai^ntry,' some more general empirical formuls for calculating the

dimensions of the various details of house floors; and aa they are

perfectly safe, nay, rather in excess of the absolute requirements of the

cases they are designed to meet, they may be imhesitetingly adopted

by practical builders. The scantlings of girders he calculates from the

7*1'
formula (No. 1.) b = —y- ; in which b = the breadth, and d, the

depth in inches, and I = tlio length, in feet, between the bearing.

The scantlings of binders he calculates by formula (No. 2.), 6 = -j^

in which the same numeration is preserved. The scantlings of single

joists he oalcuktes by formula (No. 3.), d '= 22 l-^j i ; and tboss of

64 {

ceiling-joists by the formula (No. 4.), rf = -j- . TaUas calculated upon

8

these formula! are given in the body of the work above-quoted, pagaa

261 to 264.

Practically the limit for the bearings of single-joisted floors seems to

be fixed at from 20 to 24 feet ; for although it U possible to obtain

timbers deep enough to carry the loads of floors of larger spans, yet

the depth becomes so considerable as to render the use of double floors

preferable, even without reference to the danger and inconvenience

arising from the shrinking, or warping, of the joists. The latter in-

convenience may be obviated, by the introduction of a system which

is now very general in London, known l)y the name of kerrmg-bone

ttrntting, in which the joists are kept in their places by
means of cross-strute nailed at the sides of the joiste,

whose rigidity and steodiness arc thus greatly increased.

Another practical obeervation is to be made with respect

to single joists, namely, that they must be wide enough

to oflurd a good hold to the floor bmds; perhaps a

minimum width e<iual to one and a half times the thickness of the

floor boards used upon them may be admitted.

A span of more than 21 feet in a doul)lo floor can rarely bo ocoom-

plished with ordinorj' timber girders ; and it therefore Ijiecomes neoea-

ssry to resort to the use of Trussed, or of Cost Iron, or of Wrought
Iron, Oirders. Of late years the latter are almost exclusively used, on
account of their greater elisticity, and of their giving considerable
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notice of their possible weakness. Cast iron, in fact, breaks suddenly
under an excessive load, without warning ; w^ronght iron yields gradu-

ally. The rules for calculating the strength of metal girders will be
found under the head of Girders ; they have been derived from the

researches of Tredgold, Fairbaim, Barlow, and Hodgkinson.
In France, much attention is paid to the construction of a species

of fire-proof floors, in which a framework of H rails, with smaller

spUt rod intermediate bars is formed, and the spaces are filled in with
the very energetic plaster obtained by the calcination of the gypsum
of the Paris basin. On the top of this artificial landing, sleeper-joists

are bedded, and the floor boards are nailed to them, in the better classes

of rooms ; whilst in the offices, or in the attics, the tiled floors are at

once bedded on the joists and filling-in materials. This kind of floor

has been imitated in England, and the plaster has been replaced by
cement concrete; the principle of construction remaining the same,
namely, the formation of an artificial landing, bearing upon the external

walls. There are great advantages in these systems of fire-proof floors

;

but it is to be observed that they load the walls to a dangerous extent,

and that in many cases the plaster, or the concrete used, exercises a
powerful lateral thrust upon the walls.

The flooring itself is, in England, usually executed of white or

yellow deals, or battens ; in France, it is almost invariably executed of

wainscot, in narrow widths, laid either with a straight joint, or in

herring-bone fashion ; in Holland and Germany, the ordinary practice

is to use wide timber s1a)>s, which shrink and crack in a very disagree-

able manner. The boards are u.sually grooved and feather-tongued, or

edge-nailed, in the best descriptions of work ; and occasionally, when it

is dexired to introduce ornamental decoration in the floors, a second
layer, composed of variously coloured woods is laid upon a coarser sub-

layer ; the upper layer is usually known under the name of Parquet
flooring. The thickness of the single floor boards, or battens, in

England, is usually made to range between 1 and 1 4 inches; but the
batten floors are rarely more than IJ inch thick.

FLOTtA, in the Roman mythology, was the goddess of spring and
of flowers, and the wife of Zephyr. A fiamen was appointied to her
service by Numa. Her temple stood near the Circus Maximus. The
Floralia were festivals celebrated in honour of Flora, from the 28th of

April to the 2nd of Hay. Instead of the fights of wild beasts, hares

and rabbits were exhibited and chased about on those occasions ; and
women of loose character performed dances and mimic fights, throwing
beans and chick-pease among the crowd. The ..Ediles presided at these

games. (Cicero ' In Verrein,' v. 14.) The ground on which the games
were performed is still called Campo di Flora ; it forms one of the

squares of mo<Ieni Rome, and serves as a market-place. Some pretend
th.it the Flora who bequeathed this ground to the Roman people was a

mistress of Pompey, the remains of whose theatre are close by. But
the floral games were instituted long before Pompey, at the beginning

of the 6th century of Rome. They were no doubt originally anntwil

games of the country pcojilc. The festival was discontinued for awhile,

but was restored in B.C. 173, in consequence of the blossoms of the

fruit trees having in that year been severely injured by storms. As
long as they were held, the floralia were scones of the most extravagant

licentiousnees. The May games and floral games uf the middle ages

were the direct descendimts of the Roman floralia. The term (" jeux
floraux") was applied to the more refined poetical assemblies and
competition for prizes held at Toulouse. [Cleukxcb Isacre, in

Bioo. Div.]

FLORIM. [MosKT.]
FLOTSAM, is such portion of the wreck of a ship and the cargo as

i:ontinue8 floating in the water. Jetsam is where gixnls are cast int<j

the sea, and there sink and remain under water ; and ligan is where
they are sunk in the sea, but are tied to a cork or buoy, in order that

they may be found again.

These barbarous and uncouth apjiellations are used to distinguish

goods in these circumstances from legal wTeck, in order to constitute

which they must eome to land.

Flotsam, jetsam, and ligan belong to the crown if no owner appears
to claim within a year after they are taken possession of by the persons
otherwise entitled. They are accoimted so far distinct from legal

wreck, that by the king's grant of wreck, flotaara, jetsam, and ligan
will notpasb
Wreck has been frequently granted to lord* t4 manors as a royal

franchise; but if the king's goods are wrecked, he oan claim them at
any time, even after a year and a day.
FLOUR; FLOUR-MILLS. Under the heading WrsDjni.1- will be

found an account of the mechanism of the windmills employed in

grinding flour, raising water, Ac., chiefly in the days when the steam-
aagiae had not yet come much into use, or in districts where steam-
power^is not readily available. Referring to that article for a description
of the ordinary mode of pnxlucing flour, we shall here treat briefly of
certain modem improvements, either in the substitution of steam-
power for wind-power, or in the adoption of new forms of grindstone.

In the ordinary mode of grinding wheat into flour, or any other
grain into meal (Honr being only one kind of meal) there are circular
stonea employed, each ab<jut 4 J feet in diameter; they are flat discs,
placed one upon another. The lower one is fixed, while the upper one
revolres horizontally on a vertical axis, with a speed of 100 to 120
revolutions per minute. The surfaces are channelled or grooved, to

increase their frictioual effect ; and they are placed so nearly in contact

that grains of corn between them are crushed to powder. Now it is

found that, owing to the weight (often 14 cwt.), size, and velocity of the
upper stone, the flour is much heated before it can escape from the edge
of the two stones ; it is overground, and is apt to clog into lumps.
Millers and millwrights have long sought for a cure for this evil. Some
have tried to vary the shape of the grinding surfaces of the stones ; while
others have sought rather to direct a cold blast of air between them, in

order to keep the grain and the flour cool, to feparate the grains, to

allow all to be acted on equally, and to prevent clogging and pastiness.

To insure some or other of these results has been the main object of

numerous inventions by Corcoran, Gordon, Taylor, Bovill, Pinel,

M'Lellan, Banks, Goodier, Westrupp, Spiller, Valek, Seeley, Schiele,

Harwood, White, aud others. To notice briefly a few plans is all that

need be attempted here.

Bovill's invention comprises five difierent elements : a mode of

driving two ranges of millstones from a central horizontal shaft by
means of half-crossed straps, which pass from the horizontal shaft to

riggers or pulleys on the vertical spindles of the ranges of millstones

;

an arrangement for drying meal and flour by means of steam and hot
air, instead of kiln-drying the graiu previous to grinding ; a mode of

applying steam to give moisture to manufactured flour, which, after

grinding, is in too dry a state ; an arrangement for washing grain to

separate its impurities, and then drying by currents of hot air ; and
lastly, a mode of employing machinei-y in combination with millstones,

having apertures covered with wire-gauze or other perforated material,

in order to facilitate the passing away of the ground flour through the
apertures. All these parts combine to produce a very efficient griuding

apparatus.

White's apparatus comprises several new principles. While the upper
stone is revolving, the rhyne or connecting piece between the driving

spindle and the stone is forced upon its upper side, in such manner as

to serve for a rolling or crushing bed for the preparatory crushing
rollers. Immediately over this rolling surface are placed the small
crushing rollers, adjustable to distance by screws. The grain to be
ground passes through a hopper upon the flat rolling surface driven
round by the millstone spindle. The revolution of a flat disc rolling-

plate causes the two crushing rollers to turn upon their respective axes,

and thus to crush the grain as it is fed between the rollers. As the
grinding proceeds, the crushed grain falls off the rolling-plate, and
reaches the surface of a distributing-plate. The top of this distributor

is corrugated radially, to aid in the distribution of the grain. The
distributor is made hollow, for the passage of cool air ; it has fo\ir or

five air-holes, which are horizontal cur\'ed jiassages ; the outer ends of

these holes terminate at the junction of the grinding surfaces, while
the inner ends open into a central aperture in the distributor commu-
nicating with a descending trumpet-mouthed tube. Air enters by these

trumpet-mouths, in consequence of the suction exerted by the cham-
bered air-distributor ; the current is strongest just where the grain is

most severely acted on and requires most cooling, and then the air

escapes by the five or six holes.

In Westnipp's conical mill, there is a conical revolving stone jilaced

brneal/i a fixed stone. The upper stone is a cone, hollow beneath, and
the lower one is a cone fitting into it ; the two being susceptible of

easy adjustment, according to the size and condition of the corn to be
ground. On account of the conical form of the rubbing surfaces, the

flour leaves the mill very easily. It grinds the corn more completely
than an ordinary mill, leaving less farina in the bran ; for the bran

remains awhile after the flour is expelled, and then falls by gravity to

another pair of stones, where the remaining farina is ground out of it.

It has been asserted that this mill obtains one shilling's-worth more of

flour from a quarter of com than the ordinary mills, and that the flour

is better in quality ; but this is a statement requiring confirmation.

Schiele's anti-friction corn-mill is an application to practical purposes

of a peculiar curved surface, which Mr. Schiele discovered ; or rather,

a concave revolving surface rubbing against a convex fixed surface, to

prevent a kind of irregular friction which results from the contact of

conical surfaces. The gr.adual variation of the curvature, in relation to

the increasing distance of the parts from the centre of motion, equalisea

the rubbing pressure. The wear upon the stones is uniform in all

parts ; and it is expected liy the inventor that there will be no need to

re-dress the stones until actually worn down many inches equally all

over.

M. Falguiire, a Frenchman, has invented a mill comprising a pair of

vertical stones revolving at high velocities ; they weigh together less

than 1 cwt., and are made small and portable for use in camps and

ships. The grain is fed down from a hopper into a horizontal cast-iron

pipe, with an Archimedean screw inside; the screw carries it to the

.

other end of the pipe. The stones are fixed in a pair of frames, sur-

rounded by a copper casing in two hinged halves. The running stone

is carried upon a separate shaft driven by a band. The stones are con-

cave at their travelling surfaces, and the grain is conveyed into this

space from the tube.

The ifrmiiuc flour of M. D'Arblay attracts much attention on the

continent of Europe, on account of the great extent to which the

finest and most nutritious part of the flour is retained. Hard wheats

of all kinds, especially Sicilian, Russian, and Sardinian, from the large

per centage of gluten which they contain, are the best adapted for the
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gnuuu prindiJe of griixliug. The gnun b flnt ground in » mill ; the

white middling* are then Mparatod by oourae afem >nd re-ground

;

and, finally, the flour is rapaatadly piwed throug^i fine nlk sicveD.

The flour produced by tbia tedious and expenaiTe prooeta ia of the venr

flnaat dcaaription, eqiecially for pittt and the most delicate bread.

The aranae produce of flour thua obtained is only 2S per cent, the

wmdit of uie gnin ; therefore, it is necessarily high in price.

We may here notice a aingtilar mode of drying grain adopted by
XesBs. Kennedy and Armstrons at Lisburn, in Irolaiid. They employ
an old shot-tower, in which perforated plates are fixed in a ligsag direo-

tioQ from top to bottom ; hot air is admitted to the under surface of

eadi plate, and grain falls on the upper surface. Down these plates the

grain passes ; snd, by an ingenious contrivanoe, at the ogzag oomera it

IS turned over during its passage, so as to be acted on eqiubly. The
•peed of descent and the heat of the air can be regulated according to

oucumstanoes. The weight of the grain turns a discharging wheel at

the bottom ; and a pendulum, attached to the wheel, regulates the

rapidity of the discharge of the grain, and also acts as a meter of quan-

tity. This mode of drying grain is found to be cheap, easy, and
healthy, irrespective of any particular mode of grinding the corn into

flour.

An experiment in corn-grinding of a very important kind was made
during the Crimean war, affording testimony which may be, and cer-

tainly ought to be, suggestive of immx>vements in our army and navy
services. In order to lessen the difficulties in the way of supplying

bread to the troops, the British government sent out to BalaUav.t two
steamers, one fitted up with machinery for grinding com, and the other

with baking ovens. Mr. Fairbaim, the engineer, being consulted, he
preiMred plans and drawings of the requisit* machinery-. The goveni-

ment purchased the Bruiser and Abundance steamers ; and in three

months all the fittings, novel as they were, were completed. The mill

was capable of grinding 20 bushels of flour per hour, even while the

steamer was moving at 7 or 8 knots an hour. The steamer and the

^nill were both worked by the same steam-engine, made by Robert
Stephenson. When the two steamers reached Bolaklava, about the

end of 1855 or early in 1856, the Bniiser was at once set to workjas a
comniill ; it ground 24,000 lbs. per day, taking any kind of com that

happened to be procurable, and never got out of order during three

months' operation. The flour produced from this weight of grain was
made up into 18,000 lbs. weight of 4 lb. loaves, served out daily to the

troops. So few were the interruptions in this course, that in the first

three months of 1856 the mill ground 1,800,000 lbs. of com, yielding

1,830,000 lbs. of flour <the rest being bran and waste). The total cost

of the wheat and grinding the flour was about one penny per pound.

It does not fall within the ]>rovince of the present article to notice the

anangements of the bread-making and baking apparatus ; but it may
suffice to say that the Abundance baked into bread all the flour which
the Bruiser could grind. The steamers and the machinery were sold at a
small price when the war was over ; but the lesson aflbrdcd is not

likely to be lost. A competent authority has observed :
" The expe-

riment forcibly suggested the necessity of a light portable steam-engine

and mill for Kroin being constantly attached to the camp when an army
takes the fiel>L This could be done at a very moderate cost. The
whole a£bir need not exceed the weight of n Ltrge-sized gun, such as

now accompany our armies. There is no practical difficulty in the way
of introducing an engine capable of supplying newly-baked bread from
an oven constructed in the smoke-box of a portable locomotive engine,

mounted on wheels, and prepared with grinding apparatus at the same
time." Some recent experiments on army cookery, made at Woolwich,
induce a hope that com-grinding and bread-baking vehicles will by and
bye be attached as regular component items in the matirid of an
army.
Some of the flour-mills recently constructo<l arc establishments main-

tained on a very extensive scale. One, on the banks of the Thames ne.or

Blackfriars Bridge, contains 82 pairs of millstones and 16 dressing-

machines. All the movements are effected by stcam-i>ower, and great

ingenuity is displayed in every port of the arrangements. The
Americans, also, have begim the application of machinery on a Urge
scale to the grinding of flour, not only for home consumption, but for

export to England. Some of the millers in the United States adopt
a singular mode of filling the flour-sacks. A trough is suspended on an
axis ; and beneath one end of the trough is a |iair of scales, or rather
the flour-pao of a pair of scales. The flour-lurrel is pLiced on the
scale-pan; flour flows through the trough into it; and when the
propo- quantity haa been thus precipitated, and the scale-pan and
barrel have descended by their wei^t, a small piece of apparatus
catches hold of the trough, and tilts it into the contrary direction, so
that no mure flour can flow through it into the barrel. The apparatus
thereby effects the double purpose of filling and weighing.
The flour sold in the London market is sumutiines .adulterated, but

not to so great an extent as some other articles of food. Dr. Nomiandy
says that " The physical characteristics of wheat-flour of good quality
are the following : It has a dull white colour, somewhat mcUning to
yeDow. It should exhibit to the eye no trace of bran, even when
uisssid smooth with the hand or with a policed surface. It should
have a homogeneous appearance, and should not lose more than from
6 to 12 per cent, after drying in a stove ; the lees it loses by drj-ing the
better it is." The adulteration of flour, when it exists, is usually made

by me^ns of potato starch, bean flour, Indian oora flour, and rice flour >

these are innocuous, and the dishonesty consists mainly in seUing these
cheap subetancea at the price of good wheaten flour. Some of the
adulterants, however, are less innocent ; such as alum, chalk, bone-dust,

and plaster.

It ii not necessary to enter in this place into the subject of the
flour-trade, sufficient on that matter luving been given in the article

Cobn-Laws akd Cobk-Trade. The relative quantities obtained from
different countries vary widely and rapidly, owing chiefly to the
fluctuating richness of the harvests.

FLOWKRS. A term invented by the alchemists, and still in use,

to denote the light flocculent sublimates obtained by heating volatile

solids in dose vessels ; for instance, floweia of sulphur, benzoin, and
antimony.
KLUE. JHousB.]
FLUENTS. [Fluxiohs.]
FLUID. This term is applied to substances of which the parts

possess perfect mobiUty amongst themselves, but more rigorously it

dejiends on the relative intensities of the forces which act on the com-
])onent particles of masses. In bodies of permanent form, denominated
tolitU, these forces not only preserve the particles in a state of rest

when un<Iisturbo<l, but also, on the communication of a slight disturb-

ance relative to their mean ixtsitions, reduce them, after the lapse of a
very short time, to the places they poaaeased before ; hence arises the
permanence of figure and arrangement characteristic of solid bodies.

On the other lumd, the gases have an elastic or expansive power,
which is treually attributed to caloric, because the gaseous state is

induced in all substances by the communication of a high degree of
heat ; the particles of gases have therefore a tendency, when external

forces are removed, to fly from their place-s in obedience to the repul-

sion exercised by the parts in their vicinity ; they are therefore freely

movable amongst each other. But the conditions of the motion of any
one ]>article are nevertheless limited by the condensations of the
particles on which they impinge, and the rarefactions of those which
they abandon, and therefore, even in a gas, the disturbance of a particle

only makes it dLscribe a curve round its nie.-m |>osition, and the con-
densations and rarefactions thence generated produce inequalities of

pressure which propagate like motions in the particles in the vicinity.

These motions, gradually conveyed throughout the entire maas,
produce vibrations, the phenomena of sound, and, it is thought, those
also of light.

This yielding to the internal forces called into play by the motion of
the larticles of a gas is by no means opposed to but rather imphea
their perfect mobility. If we diminish or incresse their specific weight
by an alteration of temperature, they will accordingly rise or smk
amongst the myriH<ls of ]>article8 by which they are surrounded. Yet
they will not rise or sink as if in vacuo, for they still will be encum-
bered by the influences of the adjacent particles, and therefore their

motions must suffer resistance.

But in liquids, which also come under the denomination of fluids,

this alteration of density and elasticity is imperceptible in ordinary
motions, from whence, in physico-mathematics, they have been gene-
rally treate<l as incompressible bodies ; still a small alteration of

specific gravity is sufficient to produce a distinct motion on the
particles subject to such change. By the application of a blow-pipe to

the lower part of a glass vessel contaming any liquid, a current, due to

the oltei-ation of density of the i>article8 in contact with the heated
part of the glass, is generated, and there is much reason to believe that

many of the permanent currents of the ocean originate £rom a similar

cause, namely, the unequal temperature of different parts of the
bottom of the sea, either &om the difference of their depths, or
of the conductibility of the solid strata with which the fluid is in

contact.

The (larticles of a fluid being thus surrounded by others which are

subject to external forces, such as that of gravity, undergo a pressure

which is estimated by considering how great it would be if continued
uniform over any surface taken as a unit. The direction of such a
surface is immaterial, for the particle can only be in repose when the
pressures from all quarters are equal When fluids are inelastic this

pressure is entirely due to extraneous forces, such as the weight of the
superincumbent mass ; but in elastic fluids, as in air, the pressure is

necessarily proportional to the elasticity of the particle which supports

it ; and this elasticity is known to increase with the iliniinution of the

volume compressed ; such fluids therefore, luidcr the influence °of ex-

ternal forces, acquire variable densities in their different porta.

Wo reserve for the articles Hydrostatics and Htdrootnahics the

principles from whence the equiUbrium and motion of fluids are

detUice<l when subject to known forces ; and for the article TiDKS the
case when those forces are the attractions of tlie sun and moon upon
the ocean.

The etiuilibrium of a body floating on a fluid depends on two simple

conditions ; namely, that the centre of gravity of the whole body and
of the displaced fluid must be in the same vertical Une, and the
weight of this displaced fluid must be equal to that of the body : but
for the conditions of the stability of the equilibrium we refer to

Mktack.vtbk.
When a body moves in a fluid it suffers a resistance depending on

its velocity ; and when the Ixxly is small compared with the mass in
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which it moves the law of resistance is nearly expressed by the square
of the velocity. This hypothesis was originally formed by considering

that the number of particles on which the moving body impinges in

a given time is nearly proportional to its velocity : we say nearly,

because the particles which have been struck form returning currents
which interfere with this simple law ; and, secondly, that the force

with which it impinges is also as its velocity, which must be modified
from the same consideration. The nature of these currents has not
been yet investigated, and therefore the law of the square of the
velocity is adopted generally as a first approximation, but the dis-

covery of the true law would appear to be within the limits of
calculation without aid from experiment, and is a subject worthy the
attention of physical mathematicians.
The resistance of bodies only partly immersed in fluids, and having

a depth bearing a sensible ratio to that of the fluids, as in barges
towed along canals, is subject to laws far diflerent from those which
we have considered, for the quantity immersed is itself a function of

the velocity, diminishing considerably with great velocities : thus, not-
withstanding the increase of resistance due to velocity, this diminution
due to less immersion permits the possibility of a minimum resistance.

This important subject will be further considered in the article

Hydracucs.
The term fluid has been extended to the supposed media through

which the forces of electricity, galvanism, and magnetism act, but
little that can be relied upon has been deduced from their supposed
analogy with material fluids. [Electricity.] A surer source of cal-

^ culation is found in detecting the laws of their elementary actions by
experiment ; and indeed this process seems to point out the most
feasible methods for discovering the molecular laws even of material
fluids, manifested both in their tenacity and their capillary phenomena.

Plmdity cannot be easily defined in the explicit terms of its exact
causes until more is known of the true laws of the forces which govern
the internal arrangement of bodies ; but taking the efiect, we may with
Laplace say, that " mobility is the characteristic property of fluids."

Hence fluidity may be rendered imperfect by the admixture of solids

with fluids, as in mud, &c. The effects of fluidity become still more
concealed in masses consisting of heterogeneous solids holding fluids in

their pores, as in moist clays, dough, to. ; nor are they fully deve-
loped in solids which, through the action of heat, are tending to a
fluid state, as in melting tallow, wax, glass, Ac. In none of these cases

can the laws of perfect fluids be applied ; but as they belong only to

states of transition, their jjeculiar laws do not deserve, or at least have
not obtained, much consideration.

FLUIDITY. All ponderable matter exists either in the gaseous, fluid,

or solid state ; and most solids, when heat is applied to them, may be
rendered fluid, or converted into Uquids, under which circumstances
mutual repulsion of particles takes the place of cohesion. The degree
of heat required to produce this effect is different in different solifls,

but, catena paribat, it is always the same in the same solid : in many
cases the transition from the solid to the fluid form is sudden, while in

other instances solids pass through various degrees of liquidity before
they become perfectly fluid. Of the first mode of becoming fluid ice

and the metals are examples, and wax or tallow of the second.
As most solid bodies may be rendered fluid by heat, so many gaseous

and fluid bodies are converted into soUds by diminishing their tempe-
rature. SoUd bodies in becoming fluid render latent a large quantity
of heat ; and on the other hand, fluid bodies in becoming solid evolve
much sensible heat. The heat which is requisite to the fluid existence

of a body is tenne<l the heat offluidiiy. These facts are proved by two
simple experiments. Mix a poiind of water at 32° Fahr. with a pound
of water at 1 72", and the resulting temperature will be the mean, or
102°. If a pound of ice at 32° be dis^olvetl in a pound of water at
172°, the solution will not have the mean temperature of 102°, but
only 32°. As, then, the pound of ice, by being rendered merely fluid,

absorbs 140° of heat, so the quantity of heat which becomes sensible

when a pound of water at 32° is converted into ice at 32° amounts also

to 1 40°. The actual quantity of heat rendered latent by different

fluids as they liquify depends upon the nature of the substance ; thus,
coording to Person, the under-mentioned bodies contain the annexed
quantiUea of heat in the latent state when rendered fluid :

—

Water 142-65 Fahr,
Nitrate of Soda 113-34
Nitrate of Potash .... 86-26
Zinc 50-63
Silver 87-92
Tin 25-65
Cadmium 24-44
Bismuth 22.76

. Sulphur 18-86
Le«d 9-65
Phosphorus 9-05
Mercury 5.11

The nature of fluidity will be further considered under Heat.
FLUIDS, ELASTIC. This name m.ay be applied to all fluids in

nature, since all are in certain degrees elastic ; but it belongs particu-
larly to such aa are aeriform, liquid substances possessing the property
of eUsticity only in a low degree. [Elasticity ; Peizoukteb.] Among

the aeriform fluids, however, those which are usually considered as per-
manently elastic are called gases and the term elaatic fluid is fre-

quently confined to atmospheric air, and the vapours which are
produced from solids or liquids by the action of heat ; these last are
therefore such as may be rendered solid or liquid by reducing their

temperature, or by increasing the pressure under which they exist.

But the difference between these and the fluids which are called

permanently elastic is perhaps nominal, since many of the latter, by the
discoveries of Dr. Faraday, are found capable of being exhibited in a
liquid form. [Gas.] This philosopher, for example, obtained carbonic
acid in a liquid state from carbonate of ammonia, by subjecting it to

great compression in a sealed tube, one end of which was placed in a
freezing mixture. The liquor was colourles.s. This gas, with some
others, have also been reduced to the solid form. Many of the gases,

moreover, on being combined with one another and with other sub-

stances, form solids or liquids ; thus, oxygen gas xmites with metals
and becomes solid ; ammoniacal gas and hydrochloric acid gas unite

and form the solid hydrochlorate of ammonia; while oxygen and
hydrogen gases unite to foi-m water.

Almost all gases are invisible ; but several which are so when they
exist alone, become visible on being mixed with one another. Thus,
binoxide of nitrogen being mixed with atmospheric air, the combi-
nation becomes visible and of a red colour. Several gases also become
visible w-hen mixed with aqueous vapour. An augmentation of the
temperature of vapour may, by producing an increased rarefaction,

render it invisible ; and, on the other hand, a diminution of temperature
will cause such a condensation as may render visible a vapour which
before was imperceptible. These efl'ects of heat and cold upon vapour
have been proposed as explanations of the apparent diminution of the

mass of a comet when near the sun, and of its apparent enlargement in

receding from that luminary. All elastic fluids are transparent, but
different qtiantities of light are absorbed in jiassing through those of

different kinds, and when the thickness of a stratum of fluid is con-

siderable, the absorption is so great as to render an object beyond it

invisible.
'

The elastic forces of a dry gas at a given temperature are inversely

proportional to the volumes they occupy ; and this law holds good also

both for mixtures of elastic vapours with each other, and of vapours
with gases, provided no chemical action takes place between them.
Thus, different fluids of equal temperatures and equal elastic forces

being introduced together in a close vessel whose capacity is equal to

the sum of the volumes of the fluids separately, the fluids for a time
remain separately in equilibrio ; but experience shows, that giadually

the fluids intermingle with one another, producing a homogeneous fluid

preserving the same temperature and elastic force. It has been found
also that if different fluids having equal temperatures with different

elastic forces, and occupying separately equal volumes V, be mixed
together in a close vessel whose capacity is v, the elastic force of the

mixed fluid will be equal to the sum of the elastic forces of the separate

fluids, and the temperature will remain constant. When a vapour at a
given temperature is compressed by being confined within a smaller

space than that which it previously occupied, part of the vapour

becomes condensed, and the remainder continues to possess the elastjc

force due to the temperature. And again, if the volume of a quantity

of vapour be increased, the vapour will expand, and, if not in contact

with the liquid from which it was produced, its elastic force will be
diminished; if in contact with the liquid new vapour will rise to

supply the void created by the dilatation, and the elastic force wiU
remain constant.

The temperatures at which liquids become elastic fluids by the action

of caloric are very various ; hydrochloric and nitric ethers boil, under
the usual pressure of the atmosphere, the one at 51-9°, and the other

at 185°; acetic ether boils at 165°; water boila at 212°; while mercury-

can be made to boil only at a temperature of 662°.

The quantity of vapour produced by heat from a liquid increases

with an increase of temperature, and while in contact with the liquid

its elasticity varies with its specific gravity. The elastic force of vapour

is increased when the vapour is mixed with air ; for if the interior of a.

barometer tube be moistened at the upper end with water, and air be

introduced in it above the column of mercury, the tube being inserted

as usual in a cistern of the latter fluid, the depression of the mercurial

column in the tube by the expansion of the vapour and air, in con-

sequence of an application of heat on the exterior, is greater than that

which results from the expansion of au- when dry.

The atmosphere which surroimds the earth is endowed with an

elastic power ; and partaking, moreover, of the earth's diurnal rotation^

its particles should, by their elasticity and centrifugal force combined,

recede from the earth till the whole is dissipated in space. Such is not

the fact ; and hence it is inferred, either that at a certain elevation

above the surface of the earth the elasticity of the atmosphere is totally-

destroyed by the absence of caloric ; or that beyond the stratum in

which the centrifugal force of the particles is equal to their gravitation,

there may exist, in a state of rest, an ethereal fluid occupying the whole

extent of space, and preventing the atmosphere from being further

expanded by its own elasticity.

Now, by mechanics, it may be found, that the distance from the

surface of the earth to the stratum of the atmosphere in which the

centrifugal force of the particles is equal to their gravity is about five
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ot tha mtiit, kt which height Uw daority muit ba

laoMMahrmblv amU ; nd liiioB it ia not neoomiy to nippow thitt the

•AWmI fluid bayond tbaatmaapharaof theaaithiamoradetiaeoriuore
alaatio than the atmoaphara at Uiat height, it may readily ba admitted,

that whatever may be the afliwt of tuoh a fluid in reaiating the motion

ct a oomat, it can |>roduoa no aanaibla retardation of the movementa of

tikepUnata.

Toe crepuacukr light whioh haa been obaerred at the ouapa of

Veiuia, anil the uhan^ea whioh take place oo the apparent diaoi of

Uan and J upitcr, afford indications that thoae planeta have atmoapherea,
though, witli our inatnmients, such atmoapherea may not ba rendered

aoiaibla by their ootion on tranamittad light. If, about a planet, an
I ware formed in oonaequenoe of the attraction ezerciaed by

tba pliUMt CO the ethereal fluid suppoaed to fill all apaco, ainoe that

fluid may have no greater deouty and elaatio power than the atmoa-

phare uf the earth at the height of five aemi-diametara of the latter

above ita sorfaoe, the attraction of the planet may be incapable of

leDderiag it suflioienUy denaa to produce any senaible effect in re-

fraeting light to Uie earth. Again, the height and the law of the
variations in the density of the strata in an atmoaphere which may be
formed about a planet by the vapours arising from waters existing on
ita surface, would dnwnd on the temperature ; and this we hare no
means of knowing : but assuming it to be equal to the mean tempe-
rature at the aartMB of the earth, the height of such atmosphere would
be very small compared vritb that of the existing atmoaphere about
the earth. An atmosphere of either of the kinds here indicated would
serve to acoouut for the rare occurrence of remarkable refractions in

the phenomena of the immeraiona and emersions of Jupiter's satellites,

or the occultation of stars by the moon.
For the properties of elastic fluids, see alao Elasticitt ; Ant ; Oas ;

Vapour ; and Kv.iporatiok.
FLUOUORIC WW. [Kluorlne.]
FLUUKE.S(.'KN'CE (from fluor spar), is a term which has recently

been employed to designate a phenomenon the nature of which
remained till lately unknoivn.

It has long been known that certain substances have the property of

yielding solutions which, though perfectly bright by trausmitted light,

exhibit a sort of coloured opalescence by reflected light, quite different

from the traiwmitt«l colour. The bark of the horse-cheatunt, for

instance, contains such a substance, to which, on account of the pro-

perty, tile name SchiUertl(tJf was formerly given by some Oeitaau
chemists. Sir David Brewster discovered that on admitting a beam of

sun-light condensed by a lens into an alcoholic solution of the green
colouring matter of leaves, the path of the raya in the fluid was
visible aa a beam of blood-red light. This phenomenon, which he
diisignatad internal dupertion, and which he seema to have attributed

to the reflection of light from suspended |>articlcs, he has observed and
studied in a great many instances, among many others in the case of a
green variety of fluor spar, which appears deep blue by reflected light.

This blue colour Sir David showed is not superficial, but arises from
internal dispersion. (' Edinburgh Transactions,' vol xvi., i>art 2,

reprinted in the ' Phil. Hag.' for Juue, 1848.)

In the ' Philosophical 'Tnuisactions,' for 1845, Sir John Herschel
deacribesa remarkable phenomenon, which he discovered in relation to

the blue colour exhibited by dilute solutions of salts of quinine. The
blue colour, he found, came mainly from a narrow stratum adjacent to

the surface by which the light enters the fluid, but the blue rays thus
produced traverse the fluid freely. The incident light, however, after

having once passed through a portion of the fluid of very moderate
thickness, although apparently unchanged, has undergone some mys-
terious analysia, whereby it is rendered incapable of again producing a
similar blue stratum in another portion of the solution un which it

falls, or of causing the deep blue reflexion at the surface of the green
fluor above-mentioned.

In reflecting on this peculiar analysis of light discovered by Sir

Sir John Hsnohel, Professor Stokes waa led to discover that the blue
lia^ shown by solutions of quinine is produced, not by the blue rays
of the spectrum, but by the more refrangible and mostly inviuible rays
which are known to exist. (' Phil. Trans.' for 1852, p. 4(!3.) The
most direct mode uf proving this by experiment consists in forming a
pure spectrum [Dupkr8I05 or Light], and placing in it the solution
of quinine. Commencing about the middle of the violet, and extending
from thaooa onwards far into the region of the more refrangible invisible

rays, the path of the incident rays within the fluid is marked by a
slqr-blue light, which emanates in all directions, aa if the fluid were for
the time being self-luuiiioiiN. The blue rays produced exhibit on
aaalyaia a continuous spectrum within certain limits. They have the
properties of other blue rays of like composition, and accunliuKly freely
travena Uw fluid, which is transparent with respect to blue light.

The invilibls ^ay^ however, by which the Urger part of the effect ia

produoad, ara abaorbed with great energy, and thus it is that the light
wUdt has traversed a moderate thickness of the fluid is unaffected
when judged of merely by the eye, on account of the invisiliility of the
raya of which it ia deprived, and yelrhas lost ita property of producing
the blue stratum in a soluti'tn of quinine. laaBmich as the incident
rays are abaorbed, and in their stead there issue in all directions,
from tba part of the fluid in which the absorption takes place,
raya of a difbrant refrangibility, the effective portion of the inddeat

light miqr be said to have tlta»ged iU nframfibSitjf, an expreaaion

which briefly iodioatai tlw moat striking of the ofaswvad facts of the
phenomeooD.

This change of refrangibility, whan once suggested, proved to be
extremely oommon, and to embrace the mors striking instances of

internal flispersion mentioned by Sir David firewater : among othara,

that of the variety of fluor spar, of whioh mention has already been
made. When a Jliuutttmt body (or one which possesaes the property

in question) is examined in a pure spectrum, it is found that, beginning
at a point of the apectrum varying with the substance examined, and
continuing from thenoe onwards in the direction of increasing refrangi-

bility, the incident rays in being abaorbed cause the subatanoe to emit
rays of a different refrangibility, whioh observation shows t<i be alaay
Unetr than that of the active rays. The colour of the emitted rays

depends only on their refrangibili^, having no relation whataoever to the

colour of the active rays, or to the oireumstanoa of their belonging to the

visible or invisible part of the spectrum. Thus, fluoreaccnt subatanoes,

by emitting Ught under the influence of the invisible rays, render the

preaence or absence of such rays, and in case of their preaence their

course, a matter of direot ocular inspection, and in this sense they may
be said to render visible the in%-iaible rays. The appearances thus
produced are in many cases very striking to witness, and seraral

remarkable efiecta may be produced by ordinary daylight, by the aid of

absorbing media (aee ' PhiL Trans.' for 1853, p. 335). It is readUy
shown also that glass ia opaque with regard to the rays of very hipi

refrangibility, but qiiartx transparent ; and by using prisms and a lens

in which quarts takea the place of glaia, the solar spectrum is shown to

extend to a distance, measured from the extreme red, more than

double the length of the visible spectrum ; while with the electric

light a spectrum is obtained no lees than six or eight times aa long

as the visible spectrum. (' Proceedings of the li«>yal Institution,' Feb.

1853.)

As to the cause of fluorescence, Proteasor Stokes supposes (' Phil.

Trans.' for 1852, p. 548) that the incident ethereal vibrations agitate

the tUtimate molecules of the sensitive bodies, and that these molecules in

turn became new centres of disturbance, from whence emanate in all

directions ethereal unduktions agreeing in their periodic times, not

with the periods of the vibrations which i)roduoed the effect in the first

instauce, but with the i>erio<ls in which the molecules are di8;K>god to

swing. This 8up|x>aition entails the bupposition of a certain duration

in the effect, equal at least to that of a great number of vibrations

;

but as many buudred millions of millions of luminous vibrations take

place in one second, such a duration may very well exist while the

phenomenon is yet as to sense instantaneous.

M. E<lmoiid Becquerel, who has studied so carefully the .1 ' "ft
phenomeuon of phosphorescence, has recently devised a y< : s

instrument, which he calls a pifitplwrotcope, adapted to t:i~ . ,. I

phosphorescence of short duration, and to the detection of a linite

duration of the effect in cases of fluorescence (' Annales de Chimie,'

tom. Iv. p. 5). With this instrument M. Beoquerel has succeeded in

demonstrating, in the case of crystallised nitrate of uranium and many
other siibstonoes remarkable for their powerful fluorescence, the exist-

ence of a powerful phosphorescence of short duration. Although a
finite duration in the luminosity haa not yet been detected in the case

of any liquid, these researches go far to demonstrate experimentally

that there is no definite line of demarcation between phosphorescence

and fluorescence, but that fluorescence ia merely phospfaoreaconce of

very short duration.

It is remarkable that in a paper published in the year 1842 (' Phil.

Trans.' for 1842, p. 194), Sir John Herschel mentions an extraordinary

prolongation of the spectrum when received on paper wiushed with

tincture of turmeric, which however he supposed to be duo to the

visibility of the highly refrangible rays, at tuch. In a paper pub-

lished in 1843 ('Annales de Chimie,' tom. ix. p. 320), M. Becquerel

mentions a phenomenon which he had fretjuently olnerved in the

course of his researches on phosphorescence, namely, that when a

spectrum was thrown on certoiu papers, prepared with phosphorescent

substances, the more refrangible and usually invisible part situated

beyond the violet was rendered visible by the screen, but only so long

08 the light fell upon it. This phenomenon, be suggests, m;iy consist

in a brilliant phosphorescence of short duration ; but apparently from

connecting it too closely witii the previously known instances of phos-

phorescence, he failed to perceive its full bearing, and never suspected

that the blue colour exhibited for instance by a dilute solution of

sulphate of quinine, a fluid whose absorbing action on the invisible rays

he studied by means of photography, and whose dichroism he expressly

mcntioiu (p. 280), was actually produced by the invisible rays.

FLUORIDES. [Flcobisk.]
FLUOKINE (F), a substance which, though long known in com-

bination with other bodies, has been only lately procured in an in-

sulated ktate, if indeed as much as this can be said, and its proiwrtiea

in a separata state ore consequently very imperfectly known. It was

first obtained, or at any rate supposed to be obtained, in a separate

form by Bandrimont, by passing fluoride of boron over deutoxide of

lead, heated to redness : the gas was received in a dry vessel. Although

little ia known of fluorine in an elemental^ condition many of its cnni-

potuidabave been studied. Those which it forms with the metals will,

it of sufficiant importance, be found described under the respective
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metals. The following are the chief remaining compoimds of this

element

:

Hjidroituorie Acid (HF), a compound of fluorine and hydrogen,

which was first made knowii by Scheele. Mr. Knight (' Phil. Mag.,'

xvii., p 357) first suggested an apparatus for procuring it in a state of

purity, though not of the greatest strength. The properties of this

acid were minutely examined by Gay-Lussac and Thenard in 1810.

(' Recherches PhysicoChimiques.') Fluor-spar, or what is more cor-

rectly termed fluoride of calcium, is to be mixed with twice its weight
of strong sulphuric acid, and put into a leaden or silver retort, to which
a receiver of the same metal is to be adapted, and surrounded with ice

or snow mixed with salt. When a moderate heat is applied to the
retort the sulphiuie acid acts upon the fluoride of calcium, in a mode
analogous.to that in which its action is exerted upon common salt in

preparing muriatic or hj-drochloric acid ; the results are sulphate of

lime, which remains in the retort, while the fluorine of the fluoride

imiting with the hydrogen of the decomposed water of the sulphuric

acid forms hydrofluoric acid, which, coming over in the state of vapour,

is condensed in the cooled receiver; the product is best kept in a
silver bottle with a stopper of the same metal.

The properties of this acid are, that it is fluid, clear, colourless, and
volatile ; and when it escapes into the air, it forms with the atmos-

pheric moisture white fumes, as hydrochloric acid does. Its vapour is

extremely pungent and irritating, and it acts strongly on vegetable

blues. The specific gravity of hydrofluoric acid ia 1-0609, but by
the gradual addition of a certain quantity of water, the density may
be increased to 1-25. Its attraction for water is very great, and when
dropped into it they combine with a hissing noise. The liquid acid

is extremely corrosive ; when a drop is allowed to fall upon the skin

it produces painful sores. Until recently the concentrated acid here

described was supposed to be anhydrous, but it is now known to

contain water, which may be remov.^1 by the addition of anhydrous
phosphoric acid, the true anhydrovis acid then escapes as a colourless

gas of a very irritating odour and which by means of a freezing

mixture may be condensed to a colourless mobile liquid.

The reason for the necessity of distilling and keeping this acid in

metallic vessels is that it acts upon and decomposes glass with great

facility, on account of its great aflinity for silica which the latter

contains. Hence it has been rendered extensively useful for orna-

mental etching upon glass.

When hydrofluoric acid is brought into contact with certain metals

it is decomposed, hydrogen gas being evolved, and a metallic fluoride

formed : upon potassium tliis action is extremely energetic, and is

attended with the evolution of gas and the formation of fluoride of

potassium. With metallic oxides it forms a fluoride and water.

HydroSuate of ammonia may be obtained by saturating the acid with

the alkali ; it is an unimportant salt, not being applied to any purpose

whatever.

Fluoride of Siliam, (SiF,) sjjmetimes impro[)erIy termed Pluotilicic

acid, is prepared by mixing e<iual quantities of fluoride of calcium and
silica with three times their weight of sulphuric acid in a retort ; on
the application of a moderate degree of heat action takes place ; and it

appears that the oxygen of the silica is transferred to the calcium of

the fluoride and converts it into lime, which combining with the

giilphuric acid forms sulphate of lime, while the fluorine and silicon set

free combine to form fluoride of silicon, which rises in the gaseous

state, and is to be received in very dry air-jars filled with and inverted

in mercury.
The gas thus obtained is colourless, itn odour is peculiar, sufibcating,

and acid, and it fumes on coming into contact with the moisture of

the air, but much lea ao than fluoboric acid gas. Its specific gravity,

according to Dr. Davy, is 3'600, while Dumas makes 3'574. It sutfers

no change by exposure to a high temperature, and it has not been
liquefied by condensation. It is absorbed and decomposed by water,

forming a solution which contains a peculiar acid,—the liydrojtuosiUcic

acid (3HF, SiO,).

When potassium is put into this gas, it inflames and bums. When
the gas ia passed over iron heated to whiteness, there is formed an
extremely thin coating of fluoride of iron and silicium, and the gas
then panes without further alteration.

It does not decompose the alkaline carbonates when dry at common
temperatures, nor is it absorbed by them, however long they may
remain in contact ; most hydrated oxides however absorb it without
the assistance of heat.

Fluoride of silicon condenses double its volume of ammoniacal gas,

and forms with it a volatile compoimd, which is of no importance

;

when it acta upon*met«llic oxides both are decomposed, the results

being silica and metallic fluorides.

Fluoride of liorim, (BF,) improperly termed Jlwiboric add, was
obtained by Uay-Lusaac and Thenard by heating a mixture of fluor-

spar, or fluoride of calcium, and vitrified boracic acid. In this opera-
tion the oxygen of the boracic acid combines with the calcium of
the fluoride of calcium and converts it into oxide of calcium or lime,
.nd the fluorine and boron then uniting form the compound in
[uestion. The properties of this gas are, that it ia colourless, has a

Water dissolves about 700 times its volume of this gas. The solu-

tion is strongly acid, and emits fumes, and is found to contain hydro-

Jltwboric acid (HF, BF,). Tiiis solution does not act upon glass, nor
does the gas itself ; but they readily decompose animal and vegetable
substances. Thus, a piece of paper put into the jar of the gas over
mercury is decomposed and charred as if burnt, by the abstraction of

the elements of water from it, for which the gas has so powerful au
affinity. When potassium is put into this gas it burns, and a brown
mixture of boron and fluoride of potassium is obtained.

FLUOSILICIC ACID. [Fluorine.]
FLUTE, a well-known musical instrument, the use of which, under

different forms and names, may be traced to the remotest periods of

antiquity. Most of the ancient poets ascribe its invention to no less

personages than gods and goddesses. Even the grave Plutarch, in his

dialogue ITtpl Mou<ri/cfls, attributes it to Apollo. Lucretius, however,
contents himself by deriving its origin from the breathing of western

winds over certain reeds, and thus, he tells us, was suggested to man
the rural pipe, a simple tube, which the ingenuity of later ages has

improved into one of the most elegant and fascinating instruments of

which art can boast. The word is said to be derived from the Latin

fiuta (lamprey), a kind of eel which has seven holes lengthways in its

side, and when extended resembles a very narrow flute.

The ancient flute had some sort of mouth-piece ; it was double as

well as single—that is, was often composed of two tubes, both played

together, and hence it has not unreasonably been inferred that the

enlightened nations of antiquity possessed some knowledge of harmony.
There is a figure of an ancient flute-player, or a terminal Pan, in the

Third GrEeco-Roman Saloon of the British Museum. The flute was

I
l^nir, IS deleterious to animalx, and extinguishes flame. It
111* piu>er strongly ; and when bubbles escape into the air,

with it« moisture and produce a verj- white dense fume.

almost universally employed by the Greeks, Roman.?, he, not only in

their temples, theatres, social entertainments, and armies, but also in

their funeral ceremonies. It even may be said to have accompanied

their public orations, having frequently been employed for the purpose

of keeping the voice up to a proper pitch. From the custom of intro-

ducing it in the last offices for the dead arose the saying. Jam licet

ad tibicines miilas (you may now send for the flute-players), when any

one was in articulo mortis—in the last agonies.

Of the old English flute— for the invention whereof Mersenne

erroneously gives this country the credit—we will say a few words.

It was not nnfrequently called the JliUe a liec, from the resemblance

of the mouth-piece to the beak of a bird. This mouth-piece was at

the upper and wider end, and the instrument was held in the manner
of the oboe and clarionet. It had seven finger-holes, no keys, and was

commonly adapted either to the scale of C or F. The JIule a bee

was gradually superseded by that now in use, which long was known
as the German flute—the iate travernlre, or horizontal. This, at first
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I in uufti ucUon. Iiinit«d in meaiu, in laogth about a foot and a

]i, and harinc ooljr one key, baa by degreaa boen extanded to

twan^-avvon indiaa, oooaaioDally more, and bia anmatimea a* many u
» doBon key*, aeldom leaa tban aix; so that arety kind of miuic.

howerar obromatio, within ita compaw, and adapted to the nature of a

tube, may now be executed on thii instrument. It ia formed of any
kind of Iiard wood, of Wary, and even of glaaa, and ia divided into four

juiiiU. The scale of the concert flute is from C below the treble staff

to C in the oltimiino :

—

Some flutes ara made to go four notes lower ; and an adroit player

can rsadi the E 1^ in altiasimo

—

The high notea of the flute are very effective in the orchestra,

but ita best, ita ezpreaaive tones, are those between the low C and

Q in alt, compriains twelve diatonic degrees, and all the inter-

mediate semitones. PeriFormerB on the flute, however, like those on

most other instruments, strive to astonish rather than pleaae their

aoditors. Tasteless, aenseless execution ia all-prevailing, a fact which

the great majority • of hearers admit, and deplore, whUe they never-

thaleaa encourage the debasement of one of the most delightful of

arta by patientfy Ustening to, and often applauding, that which at

best only excites some little wonder, never affords real pleasure, and

commonly is the source of dissatisfaction, if not of a feeling nearly

allied to disgust.

The Octave Flute (called also the Flauio Piccolo, Otiavino, and

PlaHtino, in orchestral scores) is a small instrument an octave higher

than the common flute ; it is shrill and piercing, and only desirable in

the fullest instrumental music, and in military bands. The best of

these are provided with four keys.

In the Great Exhibition of 1851, Herr Bohm, of Mimich, obtained

the approbation of musicians for liis improvements of the flute.

Mr. J. Clinton's flute is referred to in the Jury Report (Class X. a) as

combining the facilities of other modern flutes, and the ordinary

system of fingering, at the same time avoiding their defective parts.

" In this instrument the tone and time are rendered equal by the same

means that M. Bohm has adopted, namely, an equality of size and

distance in the holes." It is also said to be comparatively cheap, " the

mechanism being so simple that its price does not exceed that of the

old eight-keyed flute."

FLi&TE-STOP, on the organ, ia a range of wooden pipes, tuned in

unison with the diapason, and generally proves a moat successful

imitation of the instrument whence its name is derived.

FLUTE, FLUTINGS. [Coluhs.]

FLUX, in chemistry and metallurgy, is any substance employed to

assist the reduction of ores or metallic compounds to their metallic

state. In smelting the argillaceous iron ore of this country, which is

a mixture of carbonate of iron, alumina, and silica, the flux employed

is limestone, in such proportions as will form a slag that melts easily,

so aa to allow the fused iron to sink through it. When the pro-

portion of Umestone has been properly adjusted, the slag has the

wpearaace of green bottle-glass; when, on the other hand, the

Mag is opaque and blue, it is a sign that a good mixture has not

been made.
* When copper ores are difficult to melt, fluor spar is added as a flux,

which appears to promote the operation.

The fluxes made use of in assays and in chemical operations vary

greatly according to the nature of the metal to be reduced and that of

the substances combined with it. [Absatimo.]

We shall mention a few of the more important fluxes employed.

Blackfux ia made by mixing one port of powdered nitre with two

parts of powdered argol, whicn is the commercial name for impure

cream of tartar, or bitartrate of potash : this mixture is to be gradually

thrown into a red-hot earthen crucible ao as to deflagrate it, taking

care not to make the heat so high aa to fuse the mixture.

In tUs case the nitric acid of the nitre is decomposed, its oxygen

acta upon the carbon of the tartaric acid, carbonic acid is formed, and

this uniting with the potaah both of the nitre and bitartrate is con-

verted into carbonate of potash ; the whole of the carbon of the tar-

taric add is not, however, so acted upon, and the excess remains mixed

with the carbonate of potash in the state of finely-divided charcoal.

This flux should be immediately redtioed to powder and kept in a well-

stopped bottle, otherwise it will become damp by the aleorption of

moisture, to which the carbonate of potaah is subject.

This flux is doubly useful ; the carbonate of potash combines with

the earthy parts of the ore, such as silica and alumina, while the char-

ooal unites with the oxTgen of the metalUo oxides, and carbonic acid

being formed and expelled, the metal is reduced, and melta. This flux

ia especially useful in the process of detecting araenious acid and
reducing it to the metallic state.

WkiU /hx is a oarfaonate of potaah made by deflagrating equal
weights of nitre and bitartrate of potash ; the quantity of this last

salt being smaller than that in black flux, there is no excess of charcoal
furnished by tartaric acid. It appears to possess therefne no advan-
tage over common carbonate of potash, and either of them may be em-
ployed in r«diicing metallic chlorides, such aa that of ailver, to the
metallic state. White flux, or carbonate of potaah, disintegrates stony
matter, as alumina and siUca, aeparates acids and sulphur from metals,

and dissolves many metallic oxides; having, however, no charcoal

in its composition, it does not reduce metallic oxides as the black
jtiudoes,

Argol, already described as an impure bitartrate of potash, powdered
and mixed with the pulverised substance to be reduced, is sometimes
advantageously used as a flux ; owing to the intimate mixture of the
charcoal and potash in this flux a good deal of potassium is evolved,
and upon the reducing property of this metal the reduction of the
oxides of other metals frequently depends to a considerable extent.

Charcoal alone is, in the case of pure oxides, sometimes employed as

a flux ; thus a crucible lined with charcoal is useful for the reduction
of oxide of iron, or the oxiJe niay be mixed with charcoal.

There are some bodies which ore even more efficient than charcoal

in certain cases, such as wax, fat, oil, tar, and pitch, and gum, sugar,

or starch ; these may be intim.'xtely mixed with the substance to be
reduce<l, and.they not ouly contain carbon in a form which is readily

developed, but also hydrogen, which is likely to assist in the separation

of the oxygen from metallic oxides.

Flint yiau is sometimes, but improperly, used as a flux, for it

contains much lead that may greatly int^ere with the results

produced.
Oreen bo(tU-gUm has also been used for this purpose, but it is objeo-

tionable on account of its containing iron, and it even yields traces

of silicon and aluminum to iron which was pure before being heated
with it.

FLUXIONS, FLUENTS, METHOD, NOTATION, AND EAKLY
HISTORY. The method of fluxions assumes a distinct conception of

velocity, both in the case of a uniform and variable motion. It

further extends this notion of velocity or rote of increase, derived
from the consideration of a moving point, to all species of magnitudes,
and even to expressions which are purely numerical, as the formula of

algebra. If one magnitude depend on another for its value, so that
a change in the first produces a change in the second, and if the first

be imagined to increase .it a uniform and given rate, then the second
will .also incrcafie or decrease, but not at a uniform rate, unless the
second ma^itude y be determined from the first x by an equation of

the first degree, <u;+ 6y J; c=0. But the rate at which y increases,

though varying witnthe values of x, can in all cases be determined ;

and, supposing i to be the velocity with which x increases, and y that

of y, an equation can always be produced of the form

{a fimction of x and y, depending on "I

the equation which connects them j " •*•

In this case y and x were called by Newton /owing quantities, and

X and y were called their fluxions : conversely y and x were called the

fiiuntt of y and x. Thus when y=x' it may be shown that y= 8x' x

and if x= 10, y=300x, or if tlie number be increasing continuously,

then the increasing number being 10, its cube is increasing 300 times

as fast as itself. Thus while a number changes from 10 to 1001, its

cube changes from 1000 to 1003003001, and 3003001 is 3003001
times as great as -01. That this is not exactly 300 arises from the

rate of increase of x* not being uniform when that of x is uniform.

[Velocitv.1 The velocity of y being variable, may itself be con-

sidered as having a rate of change. Thus, if the velocity of a body
increase unifonuly, the whole velocity gained in a second may \ie

called the velocity of the velocity, or the fluxion of the fluxion. Thus

if X increase uniformly, the velocity of A is nothing or ( x ) =0, but

ily=3* then ( j
)'= 6x a*. Newton denoted these second fluxions by

y and x . In a similar way might be determined the velocity of i/

^

denoted by y, and so on. We cannot find that Newton proposed any

symbol for the fluent of a fluxion except the enclosure of its expres-

sion; thus,

Ps-^^jI is the fluent of Zx' x, or f'.

He also in his treatise ' De Quadrature Curvanun,' used z' to stand

for the fluent of z.

We now come to the history of this discovery, and of the dispute

relative to the right of invention. We have already given a brief

outline of the circumstances which led to the publication of the

CotillERCicii EwsToi-lcnii, and we shall now add the previous and
aubaaquent occurrences, with some quotations from authorities.

The biographers of Newton state, that about the year 1663 he began

to turn hu attention to the writings of Descartes and Wallis, and

Newton himself testifies that he invented the method of series and
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fluxiona in the year 1665 ; and that in a tract written in 1666 he had
begun partially to use the notation of fluxiona. In 1669 Barrow
communicated to CoUina the tract of Newton, afterwards published

under the title of ' De Analysi per Equationes numero termiuorum
iniinitaa ;' of which he afterwards says, " I am glad my friend's paper
gives you so much satisfaction : his name is Mr. Newton, a fellow of

our college, and very yotmg (being but the second year Master of Arts),

but of an extraordinary genius and proficiency in these things." This

tract contains a method of series, and many problems solved by
application of limits to difierences obtained by expansion ; but no
direct method of fluxions. It was first published by AV'illiam Jones,

who had become the possessor of Collins's papers, in 1711, in a tract

which is little known, having been superseded in the following year by
the publication of the Commercium Epistolicum. Various letters of

Newton, Collins, and others, up to the beginning of 1676, state that

the first-named had invented a method by which tangents could be
drawn, Ac, without the necessity of freeing their equations from
ifrational terms. Among them is a letter from Newton to Collins,

dated December 10, 1672, in which he states the fact of his discovery,

with one example. This letter the committee [Commercium Epis-

toucum] assert to have been sent to Leibnitz, but withoxit proof

:

and it has been since ascertained that nothing but an imperfect extract

was sent to Leibnitz. Leibnitz desired to have this method communi-
cated to him ; and Newton, at the request of Oldenburg and Collins,

wrote to the former the celebratc<l letters of June 13 and August 21,

1676. In the first he states the binomial theorem, and various

consequences of it in combination with his method, but without
giving any information as to that method. Leibnitz in a reply, also

addressed to Oldenburg, speaks in the highest terms of what Newton
had gent, and requests further explanation. Newton, in the second
letter just mentioned, then explained how he arrived at the binomial
theorem [Binomial Theorem], and gives various results of his

method. He also communicated his method of fluxions and fluents

in cipher (as was often practised at the time), if cipher it could be
called, which had no methotl by which it could be deciphered. It

consisted in placing in alphabetical order all the letters in the sentence

communicated. Thus Newton gravely tells Oldenbui^ that his method
of drawing tangents was

eaccdce 1Z eff 7> it 9 n 4o iqrr it 9 1 12 vx;

or, that if any one could arrange six at, two c t, one d, 4c., into a
certain sentence, be would see the method. That sentence was. Data
.Equations quotcunque fluentes quantitates involvente fluxiones

invenire, et vice versa. If Leibnitz could have taken a hint either

from the preceding letters in alphabetical order, or (had he known it)

iu their significant arrangement, he would have deserved as much
credit for his sagacity, as if he had made the invention independently.
We cannot find anything in the rest of the letter which could give any
such hint; and certainly Ne\\'ton, who showed himself desirous to

conceal the method, and knew that his letter was to come under the
acute eye of Leibnitz, did not imagine that he had in any part of it

betraywi his secret. This letter, of October 24, 1676, had not been
sent to Leibnitz, March 5, 1677, as Collins informs Newton by letter

of that date. So early aa June 21, of the same year, however, Leibnitz

had received that letter and \vritten an answer to Collins, in which,
without any desire of concealment, he explains the principle, notation,

and um of his difierential calculus : this letter was published in the
' Commercium Epistolicum.' It is of this correspondence that Newton
wrote the celebrated scholium ; of which, as we shall see, he was after-

wards weak enough, first to deny the plain and obvious meaning, and
secondly, to omit it entirely from the third edition of the ' Principia.'

This acholium, very liter^ly translated, is as follows (book ii. prop.

7, acholium).

A.D. 1687. " In letters which went between me and that most
excellent geometer, O. O. Leibnitz, ten years ago, when I signified

that I was in the knowledge of a method of determining maxima and
minima, of drawing tangents, and the Uke, and when I concealed it in

transposed letters involving this sentence (Data scquatione, &c., above
cited), that most distinguished man wrote back that he had also
fallen upon a method of the same kind, and commmiicated his
method, which hardly diflered from mine/ except in his forms of words
and symbols."

It will be convenient here to give Newton's subsequent explanation,
given in the year 1716. taken from his remarks on Leibnitz's letter to
Conti of April 9, 1716, published in 1716 in the appendix to
Raphson's ' History of Fluxions."

" He pretends that in my book of principles I alloweil him the
invention of the calculus differentiaUs, independently of my own :

•od Ihat to attribute this invention to myself is contrary to ray
knowledge there avowed. But in the paragraph there referred unto I

do not find one word to this purpose. On the contrary, I there
represent that I sent notice of my method to Mr. Leibnitz before he
sent notice of his method to me : and left him to make it appear that
he had found his method before the date of my letter ; that is, eight
months * at the least before the date of his own. And, by referring

• n« mut have known bjr Colliu's letter that it i
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I not three.

to the letters which passed between Mr. Leibnitz and me ten years

before, I left the reader to consult those letters * and interpret the

paragraph thereby. For by those letters he would see that I wrote

a tract on that method and the method of series together, five years

before the writing of these letters; that is, in the year 1671. And
these hints were as much as was proper in that short paragraph, it

being beside the design of that book to enter into disputes about these

matters."

Nothing material passed till 1684, in which Leibnitz gave his first

paper on the Difierential Calculus in the Leipzig Acts. In 1687 the
' Principia ' was published by Newton ; and Leibnitz continued to give

papers on the subject of his new calculus. The Bernoullis began to

cultivate the subject about the year 1691, and as they were on terms

of correspondence with Leibnitz, he was the source from whence they

drew, and to which they returned, additional ideas on the subject.

The Marquis de I'Hopital was employed in writing his elementary

treatise (the first written), which was published in 1696. All these

considered Leibnitz as their chief ; and the consequence was that Dr.

WaUis informs Newton, by letter of April 10, 1695, that ''he had

heard that his notions of fluxions passed in Holland with gi-eat applause

by the name of Leibnitz's Calculus DifferentiaUs." Accordingly, Wallis,

who had just completed printing the first volume of his works (the

third, which contains Newton's letters to Oldenburg, having been pre-

viously printed), inserted in the preface, as a reason for not mentioning

the dlfi'erential calculus, that it was Newton's method of fluxions

which had been communicated to Leibnitz in the Oldenburg Letters.

A review of Wallis's works, in the 'Acta Eruditorum, or Leipzig

Acts,' for 1696, reminds the reader of Newton's own admission

above cited. On this Newton (Raphson, supplement above cited)

remarks, " Whether Mr. Leibnitz invented it after me, or had it

from me, is a question of no consequence, for second inventors have

no right."

In 1699 Fatio de Duillier, a Genevese, settled in England, stated in

a mathematical work his conviction that Newton was the first inventor,

adding that he left it to those who had seen the manuscripts and
letters to say whether Leibnitz borrowed from Newton. This was the

first distinct suspicion of plagiarism ; and Leibnitz, who had never

contested the priority of Newton's discovery, and who appeared to bo

quite satisfied by Newton's admission, now oppeare for the first time in

the controversy. In a reply to Duillier (Leipzig Acts, 1700), after

calling attention to Newton's scholium, he declares that when he pub-

lished his method, in 1684, he knew nothing more of any method of

Newton, except that the latter had written to him that he could dis-

pense with the removal of irrational terms ; and that, though on the

pubUcation of the ' Principia ' he became aware how much further its

author had pushed his discoveries, he did not know that Ne\vtou

possessed a calculut (or organised method) like the differential, till the

publication of Wallis's preface.

The ' Quadrature of Curves ' was published by Newton in 1704, at

the end of his ' Optics.' It contains a formal exposition (the first

published) of the method and notation of fluxions. Some propositions

had been already pubUshed by Wallis. But in all that Newton had

previously allowed to be published, as well as in his early papers which

have been published in our own time, he uses the language and ideas

of infinitdij small quantities. These he now rejects.

Since so great a stress was laid by the parties to the quarrel on the

introduction of specific notation, we may remark that Newton himself

did not very soon adopt such a course. He says that in 1666 he
" sometimes used a letter with one prick for quantities involving first

fluxions ; and the same quantity with two pricks for quantities

involving second fluxions." Even so late as 1687 he does not (in the
' Principia ') give any notation for the momenta to which he had given

a name, and (though not laying any stress on it) we doubt whether

Newton would ever have systematised his notation if he had not seen

the letter of Leibnitz referred to in the scholium.

A review of the above work appeared in the ' Leipzig Acts,' January,

1705, in which, after stating that the differential calculus had been

explained in that work by Leibnitz, its inventor, and further by the

Bernoullis, and De I'Hopital, the author proceeds as follows : "Instead

of the Leibnitian di8"erences Newton applies and always has applied

(adhibet semperque adhibuit) fluxions, which are quam proximi as the

increments of flowing quantities generated in infinitely small times,

and has used them with elegance both in his ' Principia ' and in subse-

quent writings, just aa (quemadmodum et) Fabri in his synopsis has

substituted (substituit) motion for the method of Cavalieri." This was

considered by Newton's friends as an imputation of plagiarism on their

chief; but such a construction was always strenuously resisted by

Leibnitz. On the one hand, it w.is declared that Newton was repre-

sented in the same light with regard to Leibnitz as Fabri to CavaUeri,

by the force of " quemadmodum et
;

" on the other, it was replied

that the distinction between separate invention and borrowing was

preserved in adhibuit and substituit. We are inclined to suspect that

the meaning of the writer was not very fair, though the words semper-

qtte adhibuit are rather in his favour. Be this as it may, the preceding

sentence called forth the assertion of Keill (' Phil. Trans.,' 1708), that

• They bad not then been pubUshed, nor was it known that they were to bo

published.
K
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LeilmiU liad inw>rt«<l KewUma method, ubutgiiig iU naina and noU-

tioii. ill the Leiiuug Act«. The article ConMEBcitM ErutToLicUM takes

up the hiatory at thin iKiint

The ' Commerciiiiu EputoUcum ' dul not reach Leibnitz, who wiu

at Vicuna, for a couaiderablo time. In the moan while he wrote tu

John Bomoulli (who bad reoeived hia oopy) for hix opinion of the

work. This the latter g^ve, firrt in a letter to Leibnitz, and after-

wanla (as Leibnitx aaaerta) in an anonymous tract publiiihe<l in July,

I71S. But, •• in this tract the author speaks in complimentary terms

of John Bernoulli, it has been suppoasd that at least it was edited by

ome one etae. This letter is decidedly as unfair towards Newton an

the frioids of the Utter bad been towards Leibnitx; it asserts the

method of fluxions to be a plagiarism from the UiSerential Calculus.

Ksill printed a reply, and Newton ami Leibnitz then appear as mutual

aoousen, in letters to Mr. Chamberlayne. Nothing rumarkable oruee

oat of this com»pon<leuco, which terminated in the annouucemeut of

Leibnita that he also would prepare a ' Commercium Kpistolicuni.'

About December, 1715, Leibnitz rc-opcucd the matter iu a letter to the

Abb<5 Antonio Conti of Vcnico, then ou a visit to Englimd. He there

coniploiuK of the treatment he Iiad received, and attacks the Newtonian

philoKophy in general. Newton wrote a reply, February 26, 1715-16,'

m which he very much dwells on previous admissions made by Leib-

nitz. The latter, in a third letter to Conti, April 9, 1716, avows that

ho always believed Newton ujiou his word, but that, seeing him
connive at aoousations which he must have known to be false, it was

natural that ho (Leibnitz) should begin to doubt. Newton is also

reminded that he had mode some admissions in favour of Leibnitz (in

the scholium) which he was now desirous of disavowing. This letter

was not sent directly to Conti, but first to Paris, that it might be there

seen and copied by a friend : on which Newton refused to send any

answer, considering it as an insult that Leibnitz, though he com-

plained of suppressions in the ' Conuuercium KpistoUcum,' should take

means to preserve evidence to the whole of his letters. But Newton
circulated some remarks among his friends, which he published imme-

diately on hearing of the deafli of Loibnitz, November 11, 1716. It

is in this last paper that the renmrkable sentence occurs which wo have

quoted above in connection with the scholium which it disavows.

Kaphson's ' History of Fluxions' being then ready for publication (its

title-page bears 1715), or jwrhajis published, the Conti correspondence

was annexed as a supplement.

The history of the controversy ends with the death of Leibnitz,

and we shall conclude this article witli a few additional quotations and

facts which bear upon the subject.

1. The second letter of Keill (May 24, 1711) [CoMMEBOtUM Episto-

ucum], ou which the whole of the subsequent dispute arose, was in

subetauce the statement of Newton himself. In the minutes of the

Royal Society, April 6, 1711, it is stated that " the president gave a

short account of the nmtter, with the i>articular time of his first

mentioning or discovering his invention, referring to some letters

published by Dr. Wallis : uiKni which Mr. Keill was desired to draw

up an account of the matter iu dispute, and set it in a jiuit light."

The letter in question was the consecxueuoe, which was read at the

meeting of the 24th of May (its date).

2. The original committee consisted of Dr. Arbuthnot, Mr. Hill, Dr.

Halley, Mr. Jones, Mr. Machin, and Mr. Burnet. This is what Newton

has been supposed to call " a numerous committee of gentlemen of

ttttnl tuUiOM :
" and singularly enough, no writer on the other side

liaa ever noted this apparent unfainiess. But it has lately been dis-

covered that Newton was right During the investigation there were

added to the committee, Robarts, Aston, Brook Taylor, Sonet, the

Pnwsian minister, and De Motive. The names of the committee were

not published with the ' Commercium Epistolicum."

3. So far from the committee considering themselves as in any

judicial capacity, it appears, from a letter of Burnet above-named to

John Bernoulli (which the latter sent to Leilniitz, and the extract is in

the published correepondence of the two), that the Royal Society was

busy proving by original letters that Leibnitz might have seen the

method of fluxions in the correspondence of Oldenburg, &o.

There was throughout the whole dispute a confusion between the

knowledge of fluxions or differentials and that of a caiculiu of fluxions

or differentials, that is, a digested method with general rules. If the

dispute could be revived at the present time, it would be on entirely

ilifferent grounds : but of course, in describing the controversy as it

existed, we need only consider those points which were put in issue by
the parties themselves.

FLYING Bill DOE. This consists usually of a boat or other vessel

which, l>eing attwhod by a rope to a buoy, moored in the middle of a

river, is iiia<l«, by the action of the current, to move across on an arc

of a circle of which the buoy is the centre. On large rivers, at places

where the commiinication« across them are very frequent, such bridges

will |>n>t»bly, in future, b.i iiu|ierHe<iod by steam-vessels ; but, for

temiKirary purposes, and |>articularly to facilitate military operations

in countries whore steam navigation is not iu use, they may V>e of the

highest importance.

Let A lie a buoy securely anchored in the middle of a river, and n a

Imat to which, at a point about o,nc-tliird of the vessel's length from

the head, is attached ons end of the cable or chain B A : then ;> b indi-

cating the direction of the ciu-rcnt, if the keel u i of the boat be in-

dinod to that direction in any angle aapka, the prwsure of the water
caiiut raw side of the boat being reaolTsd in a direction 7 a parpen-

dioular to pb, or aoroa the river, will cause the boat to describe the

arc c D E, whoso centre is a. As far as the point D, in the middle
of the river, the boat descends, but afterwards it ascends obliquely
against the current ; for while its keel is kept by the rudder in a
position nearly imrallel to 6 a, the force imrallel to 7 o continues to act
and impel the boat towards E. If / represent the direct force of the
current, and 9 the angle pba, the force perpendicular to p A will be
expressed by /sin' 9 cosff; and this will be a maximum when 9= 54° 44'.

It is evident that by increasing the length of the rope a b, the
length of the arc betweeu c and E will bo diminished ; the retardation
arising from the action of the current, in ascending from the middle
of the river to E, will also be less : the length of the rope or chain
should, in fact, be such that the arc c o E may not exceed a quarter of

the circumference of the circle ; and when, for this piu-pose, the length
is very great, it must be supported as at jr, h, and k, on moveable buoys
or small boats.

A flying bridge sometimes consists of a simple flat-bottomed vessel,

having a mast fixed to one of its sides in the middle of its length.

The cable passes through a block at the mast head, and is attached at
one end to the opposite side of the vessel, the other end being made
fast to the buoy. Two ropes connected with the cable lead one to the
head and the other to the stem of the vessel ; and, by pulling on one
of these, the other being let go, the vessel is placed in a position

oblique to the current : this i>osition is retained by means of a steering

oar aided by a current-board which may be let down into the water at
the head or stem as the case m.iy require.

In a rapid current it may be impossible to make the boat B move
up the ascending arc D E ; in which case a boat at F, by means of a
cable made fost at B on the opposite bank, may be allowed to describe

the descending arc F o. On setting out from r, the boat takes with
her a coil of rope, of which one end is attached to a fixeil object near
that place ; theu, on arriving at a, the boat is drawn up along the bank
to H ; and by the rope is haiUed across the river to F, from whence it

set out. A^iu, a ro|>e being made fast to an object near F, a boat
may be steered obliquely from some point as K, till she comes to a part,

as M, of the river at which the current acts strongly upon her ; theu
letting go the rope and, by the rudder or steering oar, keeping the
boat's keel at a proper incuhation to the direction of the current, the
resolved force of the water will impel the boat to some jmint, as o, on
the opposite bank.

When the river is too wid^ for a boat to swing over in a single arc,

two buoys may be moored in a direction across the river, at equal
distances from the banks and from each other, and two boats con-

nected with them by ropes may be impelled in cii-cular arcs, one
extending over the first half of the breadth of the river, and the other
over the second : a raft being moored in tho middle facilitates the
transference «f tike paaaengers, ftc., from one boat to the other ; or,

without tho raft, one boat, on arriving in the middle of tho river, may
transfer its passengers immediately to that which is to describe tho
other half of the breadth.

A triangular raft N P Q having its front, as K P, parallel to tho direc-

tion of the current, and Iwing connected by a ring at K, with a rope
8 V stretched tightly across the river, may, by a resolved force of the

current on x g, be impelled directly to the opiKwite liank; and, on
reversing its [wsition so that P may be comiecte<l by a ring with the
rope s V, the raft may be impelled across in a contrary direction. A
boat running by a ring at one end, on s v, may, by being kept in a



133 FLYING SAP. FOLK-MOTE. 134

position corresponding to that of the line N Q, in like manner be
dieered across the river.

On broad rivers, and when objects of great bulk and weight, as

horses, carriages, or artillery, are to be conveyed across, two boats or

barges placed in parallel jjositions, and carrying a platform extending
between their exterior gimwales, are employed : the bay or interval

between the vessels is as wide as is consistent with the strength of the
platform, in order that as much as possible of* the ciurent may act

against a side of the lower vessel. The vessels are made narrow and
deep, and each is provided with a mast, which may be from twenty to

thirty feet in height ; these are connected together at ten or fifteen

feet from the platform by two horizontal beams, one above the other,

and between them is a block of wootl which is capable of sliding from
one mast to the other. The cable or chain is made to pass thiough a
perforation in the sliding piece, and the latter is placed contiguously

to either mast, according to the direction in which the vessels are to

move. A drawbridge is constructed on each side of the platform, and
one of them is let down to form a passage when the vessels arrive at

the landing-place on either side of the river. Each vessel has a rudder,

and the tillers are connected by a bar, in order that one man may be
able to turn both.

For ample details concerning the subject of this article, see Sir

Howard Douglas on ' Military Bridges.'

FLYING SAP, is the sap formed by placing and filling several

gabions at the same time, and not in succession as in the usual method
employed in making the second parallel in the attack of a fortress.

FO, pronounce<l by the Chinese Fdh, is the name by which Buddha
is worshipped in China. According to the Chinese authorities quoted
in Dr. Morrison's ' Chinese Dictionary ' (vol. i. p,irt i. pp. 92, 93),

the religion of Fo was introduced into China in the seventh year of

the reign of the Emperor Ming, about a.d. 50. Though the Chinese

government has usually discountenanced, and at some periods per-

secuted, the followers of Fo, they have always been very numerous

;

yet Sir 3. F. Davis remarks, in his work on the Chinese (vol. ii. p. 94),

that, " the present concUtion in China of the religion of F5 is very far

from flourishing ; and the extensive and magnificent establishments

which have been founded in former times are evidently in a state of

dilapidation and decay. It is rarely that one meets with any of their

nine or seven-storied pagodas in tolerable repair, though one or two of

these striking and elegant objects occur in almost every landscape.

Between Macao and Canton there are no less than four or five nine-

storied pagodas on elevate<l points by the river-side, and every one of

them is in a state of ruin." [Bi'DDHa.]

FOCUS, Geometry. [Ellipse; Htpekbola; Parabola.]
FOCUS, a Latin wonl signifyiiig ktarik or fire-place, \ised in

optics to denote the point at or near which the rays of light are

coUecterl by a lens or mirror. Its distance from the lens or mirror is

called the f'lcal Imtjth. [Lssa ; MiBBOB.]
FOG. [Mist.]

FOG SIGNALS. The blowing of a horn, the ringing of a bell, the

beating of a drum or gong or empty cask, the firing of a gun,—in

short, any uncouth noise made on board a diip to warn others of her

presence, is in a fog a means of safety. The Admiralty have rules for

the government of a fleet of men of war in thick weather, such as

occasional firing or ringing of a bell to indicate what tack a ship is

upon, &c. ; but little has bieen done for single ships of the merchant
service on this important subject beyond certain regulations for the

use of light-houses and light-vessels, although every provision was
nude in the Merchant Ship|>ing Act of 1854, for the enforcing of such

regulations as might issue from authority. Difficulties evidently beset

kthe question, as the safe passage of a ship in foggy weather through

our crowded maritime highways must depend so much on individual

precaution.

As the principal commerce of the kingdom is becoming more and
more carried on by steamers, and their " whistles " are a powerful and
characteristic mode of warning, it might be well to organise a few
signals for general use, after the following manner.

Let the mark "— " represent, on paper, a sound from the steam
whistle, lasting while a person could leisurely count /oiir, and the

WL. mark ">-•'' indicate another sound from the whistle, enduring while

^^ a person could leisurely count lico.

^^U It being in a fog so importAnt to know in vihat direction a tteamer

^^Bj* coming or procteding, the following eight signaU would form a com-
^^^klete code, which might moreover, from their extreme simplicity, be
^^^naed either in a dark night or in hazy weather at any time.

^^P If a vessel is standing towards the North, 1 __
let her coiu^e be represented by . . j

If North-East „ „ . .
— s^ n^

11 North-West „ „ , , , ^, — ^^
If E.ist „ „ , . >^ v.^

If South „ „ . . . ^., _
If South-East „ ,, , , ^^ ^.^ —
If South-West „ „ . . . _ _ >^
If West „ „ . . _ s^

As every lailing-vessel is supposed to carry a " fog horn," the above
signali so easily maAe on it, or on a bugle, or with a commoa whistle,

or ifiTi with the mnu'h (on an emergency), woidd in many cases pro-

bably prevent collision [Collisions at Sea]. And further, if a vessel
be on the starboard tack, close hauled,* prolonged blow would announce
it, and if close hauled on the port tack, a few short repeated sounds of
any sort would give sufficient notice : while a vessel at anchor might
make any beating soimd.
But all precautions taken on board ship in certain cases will prove

useless unless means be taken to give sounds from the shore. The
humane but partial and voluntary custom in some parts, of ringing a
village church bell on a coast in thick weather, if rendered compulsory,—or the sounding of a bell at certain conveniently situated coast-
guard stations along the shore,—would not only alleviate the dangers
which at present threaten seamen, but it would be a boon to boatmen
and fishermen. For instance, three long sounds of equal length might
always be used to indicate the shore.

An excellent fog-horn has recently been intixiduecd from the United
States.

Fog-signals, made with an explosive material, are also used on rail-

roads. They are placed on the rail ; the engine-wheel on passing over
it causes it to explode with a noi.se calculated to announce the approach
of the train to a considerable distance.

FOIL, is a very thin sheet of meta], made usually for placing
beneath artificial gems to heighten their brilliancy. Foils are made of
tin, copper, tinned copper, or silvered copper—the last for the best
work. They are left white for imitative diamonds, but are coloured for
imitative rubies, s.apphires, &c. The best white foil is made by coating
a plate of copper with a layer of silver, and then rolling it into sheets
in the flatting mill. The coloured foils are prepared by coating the white
foil with coloured varnish. The principal colours used by artists are
employed, mixed with mastic, spirit, and drying oil, to form the
coloured vamiiihes. The following are examples :—amethyst foil, lake
and Prussian blue finely ground in di-ying oil ; sapphire foil, Prussian
blue and drying oil

;
garnet foil, dragon's blood and rectified spirit ;

emerald foil, pale shellac, alcohol, and acetate of copper ; ruby foil,

lake, isinglass, and shellac ; topaz foil, turmeric, annatto, and shellac.

Sheet lead, so extremely thin as to resemble foil, is employed as a
lining for tai-chests. Mr. Wimshurst, one of the managers of the
Assam Tea Company, invented, in 1858, a very peculiar method of

producing this foil. It is said that England sells no less than 4000
tons of lead annually to the Chinese, chiefly to be made up into foil

for Uning their tea-chests; this they do rather clumsily. The Assam
Company paid from 2000?. to 3000/. a year for lead-foU made on the
old method of rolling ; but Mr. Wimshurst has effected a great saving
in this item by the adoption of his new method. He makes a cylinder
of lead, by casting in a mould having a mandril or core in the centre

;

the mould opens by a hinge into two halves, and liberates the metal.
A knife or cutter, as long as the cyUnder, is gradually brought up to
it, and shaves the surface. The cylinder rotates slowly while being
thus cut. The mechanical arrangement is such that the cutting-blade

a<lvance8 gratlually towards the axis of the cylinder, and the rate of
this advance determines the thickness of the film. The film is received

on a collecting spindle, which can be removed with the coil upon it.

The cutting-machine acts equally well on a cylinder of tin or one of
lead, or of a combination of the two metals.

FOLK-MOTE, or FOLK-GEMOTE, literally a meeting of the
people; an assembly imder the Anglo-Saxon government, respecting

the nature of which some of our .antiquaries have differed. Sir P.

Palgravc believes that it existed in Brifciin before the establishment of

the Saxons. Somner, in his ' Anglo-Saxon Dictionary,' calls it a
general assembly of the |)eople for considering and ordering mattera
of the Commonwealth. So the laws of King Edward the Confessor,
" Folcmote, i, e., vocatio et oongregatio jX)pulorum et gentium omnium,
quia ibi omnes convenirc debent, et universi qui sub protectione et

pace Domini Regis degunt." The continuation of this statute of

Edward the Confessor expressly directs that the meeting of the Folc-

mote shoiUd be hold once in the year upon the 1st of May. " Statutum
est enim quod ibi debent populi omnes, &c., semel in anno scilicet

convenire, scilicet in capite Kal. Mali." (Wilk., ' Leg. Anglo-Sax.,'

p. 204.)

Brady, in his ' Introduction to Old English History,' Gloss, p. 47, is

entirely mistaken when he speaks of it as an inferior ordinary court,

held once a month. This was the Himdred Court. The Folk-mote •

and Shire-mote (or general meeting of a coimty) were synonymous.
(Wilk. ut supr. Gloss, p. 404.) According to Sir F. Palgrave, the

Folk-mote was a representative assembly to which the various districts

sent their sheriff (gerefa) and four men. It cei-tainly possessed judi-

cial powers, of which he gives examples (' Rise and Progress of the

English Commonwealth ') ; and jurors appear in many instances to

have been selected from among the representatives attending the Folk-

mote. The Folk-mote, indeed, .appears to have had nearly the same
constitution, with powers, limited by the locality it represented, as the

Witenagemote ; to which frequently the same representatives were
sent as .attended the Folk-mote.

In later times a Folk-mote, according to Stow, among the citizens

of London, me.ant a meeting of themselves, Fabyan, in his ' Chro-

nicjes' (edit. 1811, p. 344), mentions a court of folk-mote held at

Paul's Cross in 1256 ; and another assembled by command of Henry III.

(ibid. p. 345), " where the king, according to the former ordinances

made, axed licence of the commonalty of the city to pass the sea."
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FOMENTATIONS »ro liquid appliaitioiu, generally of m warm
tcnperatitre, placed in eonUct with a limited portion of the body, to

mitigate or remuro di»B«iii of the part, ur of tho neighlx>uring oi|;ao8.

They differ from partial or local batlu, chiefly in the Rreater lengUi of

time which they are kept applied. Flannel clotha, or other suliataneea,

inch as the «pongioj>ilinc. nt to retain heat and moiitare, an com-

monly employed. To enable theae aubetances to retain the heat (till

longer, they are often oorered eztertuUly with oiled ailk. It ia proper

to renew the appUoation before the clotha begin to give a feeling of

rnldnfl The liquiiU iiaed are of roriotis kinds, aometinien inire

water; at other timvx medicated ; they ore termed emolliiiit when

charged with miiciloginuuii priuciplee, such as mallowB, and sedative

or anodyne when they contain n narcotic principle, such ok poppy

he ids.

FONT, the vesiael placed in a church to contain the water employed

in baptism. The form of U>o font is evidently derived from that of

the larger Roman stone vaacs, but few if any of the fonts now found

in churches are of a date earlier than what in architecture is known

aa the Romaneaque period. In our own country there are a great

many fonts, curious both for their antiquity and their architectural

design. One or two are, on questionable grounds, attributed to

the Saxon period ; but those respecting which there is no difference

of opinion range from the Norman period to the decline of Gotliic

architecture.

What may be called the normal form of a font is that of a cup or

liowl hollowed out for water, and supported on a thick solid stem.

The exterior of the bowl is in the older examples round, or stjuare, but

in the later most commonly octagonal ; and the sides and stem are

often highly enriched with sculptured figures, and occasionally traces

of colour and gilding still remain, as at Qorleston and Blythborough,

Suffolk, and Oresham, Norfolk. In many instances, a flight of steps

fonns a base for the stem ; and in fonts of the PerpendicuL-u- periwl,

oveu the steps are c:irve<l with panels, having quatrcfoils and rosettes

tunk within them. From about the middle of the 13th century, when
by a rescript of the Archbishop of Canterbury fonts were reqiiired to

be covered and locked, the lids of fonts began to acquire an ornamental

character equally with the fonts themselves. At first they were merely

plain covers with padlocks, but eventually (though probably not before

the middle of the 15th century) they assumed a pyramidal or spire-

like form, richly carved with a profusion of shafts, buttresses, and

tracery, piled up to the apex. Covers of this kind still remain at

Castleacre and North Walsingham churches, Norfolk ; Ewelme, Oxford-

shire ; Thaxted, Essex, and elsewhere.

The more ancient fonts are generally very large; the basin being

sufficiently capacious to permit of the baptism of Uie infant by immer-

sion. As a rule they are made of stone, and almost always from a

sinf^e block ; but some leaden fonts of NorAan, as well as of later date,

ore still extant both in this country and in France : in the latter

country a few remain of copper or bronze. Fonts were mostly placed

in the western end of the nave, near the entrance of the chiuch ; but

sometimes in a portion of the chiurch separated from the body of the

building by walls or a screen, or entirely detached from it. Of these

baptisteries as they were called [Baptisteby], examples occur at

Canterbury Cathedral ; Luton, Bedfordshire ; Cranbrook, Kent ; and

Henacuddle, St. Austel, Cornwall ; but more perfect examples may
be found in some recent churches erected in conformity with strict

" eoclesiulogical " principles; as All Saints, Mar^ret-street, London,

where the font (which has a carved cover of the kind described above),

is enclosed m a rich baptistery, which is shut off from the nave by

low walls, though mider the same roof; and at All Souls' church,

Halifax, where a baptistery is formed in the basement of the tower,

which stands at the north-west angle of the church.

Fonts of Norman date are nearly always large and massive ; the

baain is usually round or square, but some occur which have been

rendered octagonal by chamfering off the angles of the square blocks, as

at Drayton church, Norfolk. They are supported on a very thick stem,

but in some of the largest there are also smaller shafts placed under the

angles of the basin, as at Lincoln cithedral ; Illey church, Oxfordshire

;

South church, Hayling Island, Hampshire, &c. Norman fonts are

frequently sculptured with rude bassi-relievi, of the Cruci6xion or Bap-

lism of Christ, or some other typical subject, figures of the apostles,

saints, grotesque figures, scroll-work, 4c. Porciester church, Hants,

has a very andeot circular font, resembling in character the puteol, or

circular stone-mouth of the well in the atrium of a Roman house : it

is decorated with intersecting arches on columns, with a frieze of

foliage and figures above. At Coleshill, Warwickshire, is a Norman
font, of which the basin is a mere cylinder, but elaborately sculptured

outside with the Crucifixion (enclosed within a circle), the evangelists,

&c., and supported on an enormously thick stem. A handsome circular

font richly oovere<l with scroll-work occura at Qreat Shefford church,

Berks ; at Monks Risborough, Buckinghamshire, the circular basin is

fluted. Meet Norman fonts are of stone, but some occur of load. One
of the meet remarkable of these is in Dorchester church, Oxon. The
bowl ii of cast lead, of 1 foot I04 inches internal diameter, 2 feet 2

inciiM estenal, and 1 foot deep. Around the ontaide are eleven

seated figores under semicircular arches, representing, probably, the

Apoatlei—Judas being omitted. The pedestal is of stone and more

modem. A leaden font of very beautiful workmanship is in the chapel

of Llanoourt, on the Wye. Fonts of the same date in Normandy, are

almost exactly similar in style, but somewhat richer and more refined

in finish ; showing, not moely similarity of origin, but supporting the

probability of their being executed by the same workmen, or work-
men trained in the same sobooL

Fonts of the First Pointed, or Early English date, are like those of

the preceding period, circular and square, but they are likewise not

seldom octagonal, fn general character they greatly resemble the
Norman, but they differ from them in being somewhat less msssive,

and more finished in style ; they have sometimes arcaded-work, some-
times trefoils on the bowls, with slender shafts dividing the panels, and
almost always detached supporting shafting, as well as a tludt central

stem.

In the Second Pointed, or Decorated Style, the fonts are finer in

design than the earlier examples, but less refined in execution than

might be expected from the superiority of the buildings of this period.

The basins are now usually octagonal, but oocaaionally they are hexa-

gonal, as at Rolvenden, Kent, and Drayton Parsloe, Buckinghamshire.
Fonts of this period are cliaracterised by the flowing tracery of the

panels, engaged shafts, highly enricb«l ornamentation, diapered panels,

and occasionally elegant sculpture. A good example of this st^e
occurs in the church of All Saints, Norwidi.

In the Perpendicular, or Third Pointed Style, the form is almost
invariably octagonal. Occasionally figures of men or animals are intro-

duced as apparent supportere to the bowl, as at St. Martin's, Oxford,

where supporting figures are placed within recesses formed by but-

tresses at the angles of the ston ; and at St. John's, Norwich, where
lions are similarly placed. The ornamentation is now much more rich,

becoming more and more fiorid in the later examples, and at last erring

greatly on the side of excess of decoration, as in the otherwise fine

font at Walsoken, Norfolk. On the panels of the basin foliated circles

or quatrefoils frequently inclose roses or heraldic shields. The stem,

where single, is often octagonal and panelled. Statuettes and baasi-

relievi, sometimes very beautifully executetl, occur in the costlier

examples, both within niches on the panels of the baain, and around
the stem. A very beautiful example of a Perpendicular font of the

best period occurs at East Dereham Church, Norfolk, of which we
give an engraving. The lofty pyramidal font-covere spoken of above,

mmmi

Font in East Dsrehsm Church, Norfolk, from an orlKlnsl drawing made by

Mr. W. B. aarke, architect, in 1831.

are chiefly of this period—the famous one at Ewolme, Oxford, which

is 10 feet 6 inches high, is a characteristic example.

From the decline of Gothic architecture little attention was given to

fonts in this coimtry ; and not only were no new ones of any artistic

pretension executed, but the old ones were neglected, and often

applied to the most unworthy uses. Since the revival of Gothic
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arcliitecture, however, many fonta have been executed of a very costly

kind, and exhibiting great imitative skill, if not much originality of

design.

Simpson's ' Series of Baptismal Fonts,' and Foley's ' Illustrations of

Baptismal Fonts,' fumiah descriptions and engravings of numerous
English fonts of the several pcriod.s, and the latter work gives also

careful admeasurements of each example : the ' Archscologia,' the
'Archaeological Journals,' and the local histories, will supply many
additional instances. Sufficient examples and descriptions (for the
purpose of comparison) of French fonts, will probably be found in

M. A. De Caumont's ' Cours d'Antiquit^s Monumental,' vol. vi., and
' Atlas,' Paris, 1841 ; and hia ' Rudiment d'Arch^ologie—Architecture
religieuse,' Par. 1854.

FOOD. AU organised bodies are nourished by he introduction

into their internal structures of materials from without. Such
materials are called indififerently aliments or food, and are fitted to

supply and maintain the fluid and solid matter of the body. For this

purpose they must either be soluble naturally, out of the body in

common menstrua such as water, or capable of being dissolved by the

digestive principle of the stomach. However diversified the articles

employed may be in external appearance or chemical composition, they
are reduced by the action of the organs of digestion into a fluid (chyle)

[Digestion, in Nat. Hist. Div.] of homogeneoas character, which is

reconverted into solids and fluids of different natures by the influence

of the powers of assimilation. Before undergoing this second change,

they must be brought into the state of arterial blood, and so form
a part of the circulating fluids of the body. Substances which are

incapable of undergoing these successive changes cannot be considered

as articles of food, or capable of imparting nourishment to the frame.

There are however various articles which, although incapable by
themselves of nourishing, appear, when taken in conjunction with
other articles, to contribute essentially to nutrition. But even of a

substance unquestionably nutritious, the whole mass is never com-
pletely nutritive, that is, cai>able of being entirely assimilated ; some
portion of it merely giving it bulk, or being of a nature calculated to

make certain impressions on the organs of digestion, and to stimulate

them to thoee actions which conduce to the exercise of the function of

digestion, such as the tannin of our vegetable food, salt and other con-

diments.

Those substances which have previously been endowed with life can

alone be considered as affording nutriment to animals of a high degree

of organisation, such as man, of whose aliment we here mean to treat.

For a practical view of the subject, it may be divided into two heads,

namely, the substantiaU and the accessories ; the first comprising the
real materials or sources of nourishment ; the second, condiments, &c.,

which either render the food more grateful to the palate, or by a vital

or chemical action on the organs of taste and the stomach, promote its

digestion.

It is customary to distinguish the articles of food into solid and
fluid, or meats and drinks, and into animal and vegetable. But the
former is merely a distinction of convenience, and does not extend to

any ultimate difference in the nature of the material, but only to the
manner in which they are respectively treated by the oi^gans of

digestion ; while the latter is only important in a medical point of

view, as relates to the amount of nutriment in a given quantity of

food, and the impression which the two kinds of food make upon the

system generally. "Specific differences are distinguishable in the
chyme at least, if not in the chyle, according as the food from which it

is formed has consisted of vegetable or animal matter, and according

as it has contained fatty or oily substances, or been destitute of them."
Nevertheless as those substances alone contribute to the nourishment
"t° the bo<Iy by being assimilated by it which can be resolved into

their onjanic moUeuUt, and as these are only found in the proximate
principles of animals and vegetables, of which principles none perha|>s

are exclusively animal, it seems most advantageous to treat at the
outset of the principles, without reference to the source whence
derived. The molecules can only be liberated by being dlHiised

through some fluid, and therefore it matters not whether they be
brought into such a condition by external agency or by the apparatus
with which the higher animals are furnished, namely, the teeth,
stomach, &c. To a fluid state they must be brought before they can
pass the fine strainers of the alimentary canal. The resolution of the
materials of food into their organic molecules is the real office of the
digeative organs, while exercising that function within healthy limits

;

the resolution of the proximate principles into their elementary or
ultimate principles, when various gases are evolved, is a morbid or
diseased action of these organs.
The proximate principles of alimentary substances consist sometimes

of three, sometimes of four elementary or constituent principles.
Those/ which consist of three are of most frequent occurrence in
the vegetable kingdom ; those which consist of four are of most fre-

quent occurrence in the animal kingdom. Where the elements are
three only they are generally oxygen, hydrogen, and carbon ; where
four, oxygen, hydrogen, carbon, and nitrogen, or azote. The pre-
dominance of carbon is the characteristic of vegetable matter ; the pre-
dominance of nitrogen the characteristic of animal matter. Wherever
nitrogen is absent in animal matters the substance approximates, or is

analogous to, vegetable matter, such as animal fat", which closely

resemble vegetable oils. Animals which are decidedly carnivorous do
not prosper if kept long on food destitute of azote ; but man, whose
dwelling-place is under different climates, can dispense with an azotised
diet better in some parts of the world than in others, for instance,
better in tropical countries than near the poles. The pilgi-ims and
attendants on the caravans in their jom'neya across the deserts of

Africa can subsist for a length of time on gum, which does not contain
azote. Majendie, who carefully investigated the subject, concludes
from his experiments—1st, That animals derive the azote which enters
into their composition entirely from their food, and hence, that no
animal can live for a considerable time on food entirely destitute of
azote. 2nd, That animals, even those natiurally carnivorous, can live a
certain time upon food entirely destitute of azote, in consequence of

which the excretions of those naturally carnivorous become altered,

throwing off less azote than when they are fed on animal food, and
acquiring the properties which these excretions have in animals whose
food contains a very small proportion of azote. 3rd, That vegetable

and animal substances destitute of azote are highly nutritious, pro-

vided at the same time azote can be supplied from some other aliment
containing it, though in small proportion. It seems however that
vegetable aliments acquire an accession of azote in the digestive organs,

though probably at the expense of some part of the system. Admitting
the general correctness of Majendie's views, alimentary substances may
be divided into three classes :

I. Those which contain azote, carbon, oxygen, and hydrogen.
II. Those which contain carbon, hydrogen, and oxygen.
III. Those which contain neither azote nor cai'bon.

The first class naturally demands the greatest share of attention,

because " the aliments which contain azote coiTespond with animal
substances in general, and are calculated to repair the waste of our
solids and fluids without great alteration or effort in the digesting
organs. All the immediate principles of this class are not however
equally digestible, or possessed of the same properties." It is necessary
therefore to say a few words on the leading forms or states in which
azotised principles occur.

Fibrin : this and other terms are retained here, though not in strict

accordance with the present chemical phraseology with respect to food
and its constituents, because these having been long in use are better

known to unscientific readers. The modem views and phrases are all

given under the Art. Food, in Nat. Hist. Drv. Animal fibnne, animal
albumen, and animal caseine, constitute the chief animal proteinaceous
principles, that is, compounds of protein and sulphur, and in the two
former of phosphorus also. [Protein.]

1. Fibrin.— This is found in greatest abundance in the animal
kingdom, constituting the principal part of the muscular fibre of

animals, and no inconsiderable portion of the blood, when by rest that
fluid is coagulated. It h.is been thought to exist in some of the con-

stituents of the vegetable kingdom, particularly in the juice of the
fruit of the Carica Papaya, or papaw-tree, and in certain other plants

with a milky juice, such as the Palo de Vaca, Cow-tree (Galactodendron
utile) of South America, and some fungi, or mushrooms. The identity

of the principle found in these vegetables with animal fibrin has been
questioned by some recent chemists. Dr. Thomson considers the
principle of the cow-tree distinct, and terms it galactin, while Gmelin
terms that of the others emulsin, which he considers analogous to

gluten.

Fibrin constitutes the chief part of the solid matter of the muscles
of animals, particularly of those which are old and have dark-coloured

dry flesh : it is that portion which remains in the form of fibres after

all the soluble matters have been removed from the flesh of animals

by long boiling. It is insoluble in cold water, is corrugated by long
boiling in water, is insoluble in alcohol, but strong acetic acid causes

it to swell considerably, rendering it transparent like cartilage, in which
state it may be dissolved, or, at least, diffused through water by long

boiling.

The flesh of animals is divided into white and coloured, and indeed

it differs in the same animal at different ages, having different accom-
panying constituent principles at different periods of life. Thus in

the calf the muscles are white, or only pinkish ; in the ox they are

deep red ; in the first state much gelatin and little of ozmazome is

present ; hence the gravy of veal easily gelatinises, while that of beef

rarely does so.

Fibrin is in general more tender, that is, more easily digested, be-

cause the force of aggregation is more easily overcome by the powers

of the stomach in middle-aged than in old animals, and in the flesh of

the female than that of the male, unless the males have been castrated

when young.
AUmrnen is another important constituent of animal bodies, but of

more sparing occurrence in vegetable substances. In animal sub-

stances it occurs in two states, fluid and coagulated. The most perfect

examples of it in the former state are the white of eggs, which is an

alkaline solution of albumen, and the blood, which is likewise probably

an alkaline solution of albumen. Coagulated albumen constitutes

cartilage, horn, hair, and the nails or hoofs of animals. It forms the

chief constituent part of oysters, muscles, snails, &c. Milk is an

albuminous fluid.

At the temperature of 165° Fahr. albumen is coagulated, and it is
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UkawiM aolbUflad by nunv aeida, miali m tlut of tha gutrio ioioe (in

th« form ot i«iinet), and by mom nwUUic adu. Milk, tbougii ooagu-

Utod by kcidi, i» not to by boiling.

Albumen in likewiM found in the green (ecul« of pUnU in geoeral,

•ad in (ome vegetablM in Tvy oouidarable quantity, auch aa the fruit

of tha Bibaem mem\mtm*, ot Odunt, and the bark of the Ulmui cam-

Mtru, or abn. Tha furmar ia uaed in Sicily to thioken aoupa, and

both are uaad in the Wett Indiaa to clarify augar.

Amimal mmlmt. the portion of milk which ia ooa^iulated by rennet,

and aooM aelda out of the body, and by the gastric juice in the atomach,

UMi»ll>iil«« cord. In tha milk it is kept in a fluid state by the alkaline

prlnnipUa preauit. Theae are nuutmlixed by the ocida.

OtUUiti abounds in moat animal HiilMttaiicefl, and is common in pro-

portion to the youth of tlie iiidividiuU. It exista in bones, ligamenta,

tendonn, iiieuibrauea, xkin, muacleB, lu well aa in a portion of the homa
of animals. The skin of fish, much of their aubatiuice, and the awim-

ming-bladder of the sturgeon, are formed of gelatin. It is remarkably

bland and nearly insipid, as may be remarked in any solution of

iiiiiglaM. Gelatin ia not of common occurrence in the vegetable

kingdom, and it ia distinct from v^ctablo jelly. It occurs, howevar,

in the Proloeoctiu nivalu.

Uelatin is tiie oppoaite of albumen in its qualities; in oold water it

swells, is not transparent, ia soft, and somewhat elastic. The gelatin

of t»ingl«iM and of young animals is slowly but completely soluble in

acarcely tepid water, while that of old animals, of sluns, and of hoofs

or feet, requires warm water for its solution. The solution, when of a

certain strength, gelatinises into a tremulous or solid jelly. It is a

highly nutritious principle, but its digestibility is, in popular estimation,

much overrated.

Mmtui is a principle probably found only in animal structures,

nnlcM it exists in some pL-mts of the tribe of Buraijinacetr. It diifers

from albumen principally in not being coagulablo by heat, while it

differs from gelatin in not being precipit.->ted by vegetable astringents,

though tannin coagulates the watery combinations of mucus : neither

does a concentrated solution of it gelatinise on cooling. Mucus is

a constituent of most of the secretions of animals, (larticularly of the

membrane* termed mucous. It ia deemed both nutritious and of easy

digestion.

OimazoiM, animal extractive, or alcoholic extract of fleeb, is deemed

the principle to which meat owes its sapid taste and odour when dressed.

Berselius is disposed to refer these qualities to a watery extract of

flesh, which he terms tomaidin. Osmaxome ia by no meana a simple,

but, on the contrary, a very compound substance, consisting of at

least two different extractive materials, lactic acid, several salts,

alkalies in combination with hydrochloric acid and lactic .icid, ftc.

It is probably limited to the animal kingdom, though a substance

strongly analogous to it is found in many mushrooms, or fungi, namely,

the common mushroom (Agariou campalrii), the A. mtacariHt, A.

buUxmu, A. Oujogalus, and in the sporidia of the Elapkom^eet ojitj-

nalii. This principle is not soluble in alcohol, and to distinguish it

from osmaxome it is termed Hlzosmazom ; to it different fungi owe,

when dressed, their aivoury odour, resembling that of animal food,

and probably a portion of their nutritious property.

Oamazome exists sparingly in young and white meats, which con-

sequently are deficient in savour; it is more abimdant in that of

animab of which the flesh ia red, such as beef and mutton ; it exists

chiefly in the Qbroua organs, or combined with fibrin in the muscles,

but the tendons and gelatinous organs are, in a great measure, destitute

of it. Animals with dark-coloured flesh, such as the hare, and different

kinds of game, possess most, and hence are much esteemed by the

lovers of savoury viands.

Gluten is, of all vegetable principles which occur in considerable

qnantity, the one which contains most aaote, having from 14 to 20

per cent. Cafeine, or the alkaloid of coffee, poioesses a much larger

proportion. Oluten is met with, aasodated with stareh and other

matters, in the seeds of the cereal grains, in several other seeds, in

many fruits, and in all green and other sappy parts of plants which

yield fecukc. When separated from the principles with which it is

usually associated, it is, when moist, a white, soft, elastic, and highly

glutinous substance (bird-lime) ; when dry, it is white or whitish gray,

nard, of a dull shining and cunchoidal fracture. It is without smell

or taste, insoluble in and heavier than water. Under ordinary cir-

cumstances, about a fourth part of what is termed gluten consists of a

principle called gliaditi. What remains after the removal of this and

other nrntters pNMOt with it, is, according to Taddoi, pure gluten,

which he names xymoian. In the fleshy seeds of pulse, such as be.-uis

and pew, exists a substance resembling gluten, called tegnmxn and also

ttgeto-tmiwuU tubHanct,

Ghitea is found in many asculent plants, such as the leaves of

osbbssessnd cresses, and in other edible crucifenMis vegetables. Of the

mitriuons powers of gluten, sepante from the Btaroh,jfat, gliadin, Ac,
with which it is always sssocisted, nothing certain is known. In a

stet« of oonibinatioo, such as that of wheat-flour, it is highly nutri-

tious. Such also is the character of the seeds of peas, beans, and other

edible pulse.

Fluids which contain at the same tims any of the rsrieties of sugar

and of gluten, or gluten-like principles, are capable, under favourable

oircum^buoes, of undergoing the vinous fermentation. A kind of

fenneniation occurs, by th« ageney of the gluten, in the convarsiaa of
wheat-flour into bread.

Smulriit (vegetable albumen, vegetable casein, or amygdalin) ooeun
in most of the elaboratad jtiioss ^ plants and in many dry parta of
plants, namely, ia all oily sseds whioh whan triturated with water
form an emiusion. The real nature of this prindplu is not dearly
ascertained. Many chemists deem it identical with animal albumen

;

others conaidcr it identical with the casein of tho milk of uniumls

;

while others pronounce it to be gluten. To Qmeliu it appears distinct

;

he] has accordingly given it the above name, Laguinin is tha term
given to some forms of this principle.-

IL Proximate principles which oonsist of oxygen, hydrogen, and
carbon, called hydro-carbonates.

CUm is a principle of vegetables, in all of which, but mostly in the
soft parts of them, it is found ; in some, however, it abounds so much as
to form their chief charaoteristia : they arethenoe called mucilaginous,
or gummy, such as the carrot, parsnip, &e. Oum is colourless, but
from admixture of other matters it is often of a yellow or brownish
hue, transparent or translucid, of an insipid rather sweetish taste,

and not crystallisable. When pure, it ia entirely soluble in water,
whether warm or cold, forming with it a tenacious fluid ; it Is insoluble

in alcoboL In the state of solution in which it occurs in plants, of

which it forms the chief material for their nutriment, it is termed
mucilage. From some trees, either by spontaneous cracks or inoiaions,

it exudes and concretes on tlie bark, as is seen in the various acacias,

which yield the gum antbic, the plum, and cherry trees, Ac. There is

some differencej in chemical character in tho various sorts of gum,
aoconling to the plant which yields it, but these scarcely affect its

nutritive properties. The principle which is found in many fruits,

such as the gooseberry, currant, orange, &c., which is vtgtiabU jdly, is

regarded as a kind of gum, though designated peetm. This is neither
acid nor possessed of basic properties, and the reason why it so often
seems sour is by being united with vegetable acids (malic, citric,

&C.), which commimicate to the juices of these fruits their taiite, and
also enable them to redden litmus pajier. The grateful and cooling
prc)]H.>rtie» of such fruits is therefore chiefly due to the vegetable acids,

while their nutritious qualitiex depend uix>n the pectin and other
principles. Some of these, such as plums, apples, gooseberries, con-
tain 73 to 80 per cent, of water. (See Joluutton's ' Chemistry of
C'ommonLife.')

Mucilaginous vegetables are rarely fit for use when growing wild ; but
they are much ameliorated by the processes of horticult\ir«, having their

bulk increased .-iud their qualities improved ; thorn which are bitter

or uarcotic, as endive, lettuce, sea-kale, &c., being by blanching ren-
dered mild and safe, or by being served to table while young, as
asparagus. The difference in flavour of such vegetables is due to the
principles with which tho gum is associated ; but their nutritive pro-
perties are owing to the gum, which even when taken alone, though
mawkish, and iit last repudiated by the palate, is certainly adequate to
the support of the human frame for many weeks or perhaps months.
During the harvest of gum at Senegal the Africans live entirely upon
it, eight ounces being the daily allowance for each man. In general
they become plump on this fare, and indeed such should be the result,

if the calculation be correct which assigns as great nutritive power to
four ounces of gum as to one pound of bread.

Stigar is a principle much more abundant in vegetable than animal
fluids; it exists however in small quantity aa a constituent of the
bile, and in the milk of many animals; and it ui formed in lai;ge

quantity as a product of perverted action of the digestive and aasimi-

likting organs, in the disease termed diabetes. [Diabetes.] In chemi-
cal composition sugar does not differ greatly from gum, except in
having a greater proportion of carbon. This additional proportion
however is sufficient to confer upon it considerable differences in
character. Sugar ia of different kinds, according to the plant whioh
yields it, and according to the part of tho plant from which it is

obtained. Sugiirs are therefore divided into tiu>so which .ire crystal-

lisable and those which are not, and likewise into those which arc sus-

ceptible of fermentation and those which are not so. The sugar of the
sugar-cane is tho most {lerfect example of those kinds which are both
crystallixable and capable of undergoing fermentation ; sugar of milk
and mannite are examples of the second class. A remarkable feature

presents itaolf in sugars of the first class; for, while susceptible, when
dissolved in sufficient water, of the vinous or acetous fermentation,

they greatly assist, when concentrated, in preserving vegetable sub-

stances, either when naturally present in them, as in many fruits,

grapes, raisins, prunes, Ac, or when added artificially in making con-
serves, jellies, &0, Those fruits which grow in seasons favourable to
the elaboration of much saccharine matter in their tissues not only
keep better, but are more wholesome th.in when grown in less favour-

able years. [Sdoab.]
Honey contains a variety of sugar, which is both nourishing and

capable by fermentation of yielding mead, which was long the favourite

beverage of tho ancient Briton. Many fungi, or mushrooms, contain a
peculiar kind of sugar, which contributes to render them nutritious.

Stareh possesses a larger proportion of carbon than sugar and gum :

by removal of this additional proportion of carbon it is reduced to the
state of one or other of those principles. This process of reduction

occurs Bimntaneously in tho course of flowering in plants, and in the
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stomach during digestion. \Vlien combined with gluten, it is suscep-

tible of fennentation, and b undergoing the jtanary fermentation

forms bread, one of the moat important articles of food in civUised

life. As this is ordinarily managed, some portion of the flour is made
to yield up a certain amount of its oarbon ; but the precise nature of

the change which the flour undergoes during this action is not clearly

understood. The digestibility of the flour is however greatly increased

by this process ; and by various admixtures, chiefly of common salt,

the taste is improved. [Bread.]
Starch exists largely in plants, but more abundantly in some parts

than others : such as many seeds, particularly of the cereal grains, rice,

barley, maize, and millet, in which it occurs in great purity ; in wheat
along with gluten ; with saccharine matter in oats, and some legu-

minous seeds ; with a viscid mucilage in potatoes, rye, and Windsor
beans, and occasionally with an acrid principle, which can generally

be dissipated by heat, as for example the Jatropha Mani/wl, which
yields tapioca. Though seeds and roots yielding starch in abundance
are all comprehended under the term farinaceous, there are essential

difierences between them according to the principles with which it is

associated, which cause them to differ in their digestibility, and con-

sequently in their eligibility and suitableness for different ages and
individuals. Hour, starch, arrow-root, cassada-flour, or tapioca, salep,

sago, and other similar preparations, are all merely varieties of the

same principle. Starch is not only highly nutritive, but one of the

blandest and most wholesome articles of diet, capable, in due propor-

tion, of being used for the food of tender infants, and not improper at

any subsequent period of life, though during youth and manhood it

requires other principles to be taken along with it.

Oili and fat, however much unlike in some respects to the other

principles arranged under this head, are formed out of precisely the

same constituent elements ; and during digestion the stomach brings

even the most apjjarently dissimilar into a degree of relationship more
intimate than i^iight have been anticipated. The chief difference be-

tween them and the alimentary substances already mentioned, is in

their greater proportion of hydrogen. Sugar and starch are both

susceptible of fermentation, during which a portion of carbon is re-

moved from each by combining with oxygen and escaping in the form

of carbonic acid gas :—from starch in the early stages of fennentation,

during which a portion of carbon is taken which brings it to the

state of sugar ; from which again a proportion of carbon and of

oxygen is taken, and alcohol produced, the hydrogen remaining un-

diminished in quantity :—and as alcohol is merely an oleaginous body
of a weak kind, the analogy is complete ; for all farinaceous and
saccharine aliments undergo changes in the digestive organs before

they can be assimilated in the system, similar to what occurs in fer-

mentation, namely, being converted into oil. [DioESTlON.]

Oils are insoluble in water, and therefore, though highly nutritive,

they are not available for the support of the body till their immis-

cibUity with water has been overcome. Hence they are apt to

oppress the stomach during the early stages of digestion, if taken

alone without being mingled with substances which facilitate their

union ivith water. When this is accomplished they are very readily

assimilated, as, according to Dr. Prout, " albuminous and oleaginous

principles may be considered already fitted for the purposes of the

animal economy without undergoing any essential change in their

composition."

Oils are either fluid or concrete, and both forms occur in the

animal and vegetable kingdoms, though in the latter they are most
generally fluid

Aeidt are present in many vegetable substances which aSect the

digestive organs in variotu ways, though they may not contribute

directly to tte nourishment of the system.

III. Alimentary princii)lcs which do not contain carbon.

n'ater is the only one of these which it is necessary to notice. This
is essential to the existence of all organised beings in whatever way it

is introduced into their tissues. Not only is it introduced by human
beings in the state of common water, and many beverages of which
the cliief part is water, but out ordinary articles of animal food con-

tain, on an average, 75 per cent, of water, and only 25 per cent,

of nutritive matter ; and many of our vegetables contain a still larger

proportion.

Such are the chief principles employed by man in a state of civili-

sation for his subsistence. B>it it is not enough that a sufficient

quantity of one or more of these be swallowed. The function of

digestion must be called into action to enable the crude materials to

be assimilated. This is partly excited by the mere presence of a sub-
stance in the stomach, but more eflectually when that substance is in

itself of a stimulating quality, or is accompanied by certain accessories

either added during the preparation of the food or at meal-tunes.
S<ich ,ico«norie« are termed conrliments, which either make the foofl

more grateful, or exercise a beneficial influence over the stomach during
the procen of digestion. The desire to eat is rarely so great when
insipid food is ofiered to an individual as when savoury viands are
presented. The very odour or aroma of these excites the s.alivary

glands to more abimdant secretion of saliva, which is a preparation
f .1- tlie digestion of the food alwut to be taken. Though the mere

i|ilication of heat in the process of cooking developes an aroma from
..i.\ny substances which were previously devoid of it, either by altering

the chemical composition of the material, or by volatilising a prin-
ciple latent in the substance, yet many adventitious articles are used
to assist in increasing or modifying this odoiu-, or to correct certain
qualities in particular kinds of food which are either disagreeable or
injurious. Respecting the most common of these a few words may be
allowed. That condiment which is of most universal requirement and
utility is salt, or chloride of sodium. It is the only one which is in-

dispensable, for not only does it exist in the milk which forms the
earliest nutriment of the infant, but at all subsequent periods of life

it is needed. Independently of the part which this compound per-
forms in the stomach during digestion, it is still further serviceable in
the blood, and more so in the blood of man than of any other being,

aa Berzelius has remarked that the blood of man contains three times
more hydrochlorates than that of the ox. Besides, the use of salt

greatly benefits the alimentary canal and hinders the generation of

worms. [AsTHELMrNTics.] It is one of the most ready means of

rendering insipid footl acceptable to the palate, as is noticed in one of

the earliest compositions that have come down to us. " Can that
which is unsavoury be eaten without salt ? " (Job vi. 6.) Perh-iips

the next most important condiment is vinegar, which, like most
vegetable acids, when taken in moderation, greatly assists in pro-
moting the digestion of young meats of a gelatinous kind, such
as veal.

Mustard and pepper of different kiuds> are also useful, and more so
in warm than cold countries, as they rouse the languid stomach, and
enable it to effect the digestion of the food. Hot pickles, from con-
taining vinegar at the same time, are often advantageous when used in

moderation, but the abuse of such articles produces many serious

effects, particularly obstruction of the liver, with its long train of dis-

orders. The use of spices and aromatic agents not only renders the
food more pleasant but enables the stomach to bear a larger quantity.
Hence they are too often made the means of leading the gourmand to
be guilty of excess ; and that cook is often most prized who can most
cunningly minister to the pampered appetite. This is perverting

cookery, a highly proper and commendable art, from its legitimate end.
" In the hands of an expert cook, alimentary substances are made
almost entirely to change their nature, their form, consistence, odour,
savour, chemical composition, Ac. ; every thing is so modified that it

is often impossible for the most exquisite sense of taste to recognise

the substance which makes up the bases of certain dishes. The
greatest utility of the kitehen consists in making the food agieeable to

the senses, and rendering it easy of digestion. But its perfection

seldom stops here : frequently among people advanced in civilisation

the object to which it aspires is to excite the appetite, to .appease

capricious palates, or to satisfy luxurious vanity. Then, far from
cookery being a useful art, it becomes a real pestilence, carrying with
it a train of diseases, and not imfrequently the premature death of

many of its infatuated votaries." (Majendie's ' Physiology.') [Milk ;

Water; Wine.]
A few remarks are appended to serve as a guide in the use of food

and to avoid errors. " Though man is omnivorous, and can subsist

on either animal or vegetable food—an arrangement which fits him to

dwell in any part of the habitable globe,—yet he is subject with
regard to the actual material of his diet, in a remarkable manner, to

the influence of climate, since a particular kind of aliment, which is

very appropriate in one country is improper in another ; thus, as we
advance from the equator towards the poles, the necessity for animal
food, or its equivalent in a highly nitrogenous class of vegetables,

becomes greater, till, in the very north, it is the sole article of subsist-

ence, except a few cruciferous plants, especially cochlearia or scurvy-

grass, abounding in nitrogen. Animal food, from containing nitrogen,

IS more stimulating, and, therefore, less suitable for hot climates,

where, on the contrary, saccharine, mucilaginous, and starchy materials

are preferred ; hence, in the zone of the tropics, we find produced in

abundance, rice, maize, millet, sago, salep, arrow-root, potatoes, bread-

fruit, banana, and other watery and mucilaginous fruits. Quitting

this zone, we enter that which produces wheat, and here, where the

temperature is lower, we find united with the starch of this grain that

peculiar vegetable principle (gluten) possessing all the properties of animal

matter, and yielding nitrogen and ammonia by its decomposition.

Thus, by a gradual and insensible transition, nature furnishes to man
the food which is most appropriate for him in each region. In the

subtropical zone vegetable diet is still preferred, but, in chemical

composition, the favourite articles approximate animal substances.

This holds also in the tempenate zone, not only in respect of wheat,

but also in the chesnut, which is almost the sole means of subsistence

in some of the mountamous regions of France, Italy, and Spain,

though instead of the gluten of wheat, this seed contains albumen, the

relation of which to animal food is even closer than that of gluten.

In reviewing the geographical distribution of the cereal grains, we find

that starch nearly pure is produced in the greatest abundance in the

hottest parts of the world, particularly in rice and maize ; it becomes

assocLited in the subtropical regions with an equivalent for animal

food ; and in still colder regions, where wheat fails, oats and barley

take its place. These, though possessed of less gluten than wheat, .are,

nevertheless nmre heating, and therefore, better ciileulated for

northern latitudes. The mhabitants of Scotland and Lapland, with

their oaten and barley or rye bread, arc thus as thoroughly provided
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with Um best food,m the Hindoo with hia rice, or the South American

with hi< Indian com at niaixe.* (Dr. Robert Dickaon : portly founded

oo an article by Parent Duchltelet, 'Aliment,' in Dictionnaire de
1" Induatrie.)

An infringement of the lawa deduoible from theae facta leada to

aetious (oftan fatal) oonaequencaa. Engliahmen going to India or other

hot countriaa, and ooottnuing the habita of their colder native clime,

m*k£mA of adopting the aimpler and more rational diet of the inha-

bitanta, aoon iiiduoe diaeaaea of a furmi<Ublo kind. Eating animal

food, traqnently in exeeaaiTe qtumtity, and drinking atrong brandied

winea, aoon cauae affectiona of the liver. (See ' A Treatise on tike

DtMlMi of the Liver,' by Qeorge Hamilton Uell, M.D., late Reaident

Sorgeon, Tanjore; IMin., 1833, p. 17.) Un the other hand, feeding

young diildren in the cold wintcra of England on rice to any extent, is

extremely injurious, leading especially to strumous diseases, particu-

larly of the eye.

Where atrngthening the body is the object, and bringing it up to

the highest pomt of health and vigour, a diminution of the fluids in

uae, and avoidihg aa far aa possible articles of a watery conaistence, is

requisite. A very hu;ge proportion of all substances used as food cop-

iata of water. Even lenn beef has as much water in its composition

aa the potato ami plantain,—that ia, 78 per cent. While using such

articles at the princii>al meal, or dinner, it can scarcely ever be neces-

sary to use fluids or diluents at the some time
;
yet most ]>ergons

begin that meal with soui>8, some very maigre, and drench the stijmach

with water, beer, and other liquids, scarcely any of which are proper,

BkTe in a very restricted quantity. When liquids are useful, they may
be taken about four hours after the solid meal, whether tea or alkaline

drinks, such aa soda water or Seltzer water. (See Prout ' On Diseases

of the Stomach.') [Alkalies.] All the most skilful trainers of those

preparing for athletic feats rigidly enforce attention to this rule, inva-

riably putting those under their care on what is termed a dry diet.

Attention to this simple condition will often greatly improve the

health of valetudinarians. (See ' Podestrianism,' by Walter Thom,
with an ' Essay on Training,' by the celebratetl Captain Barclay, Aber-

deen, 1813.) Not only is solid food digested more rapidly thau liquid,

but the good efl'ects are much more permanent. The practice long

indulged in of giving convalescents from acute diseases only weak broths

is now mostly abandoned. The articles selected as the basis of these

broths were also objectionable, being either veal, chicken, or other

insipid material, and the soup often made pal.itable by adding spices,

none of which are proper, save common salt. Young meats abounding

in gelatin are less digestible, less nourishing, and i:i every way less

proper than older meats. For persons recovering from what are

termed biUotu attadu, and paroxysms of gout, they are decidedly

hurtfuL Beaidee, by long boiling gelatin undergoes a peculiar change

[Oelatis, in Nat. Hist. Div.], which further unfits it for use, perhaps

even engendering dangerous products. A well but not overdressed

mutton-chop, from which all the fat kat Ixtn remored before cooking,

is infinitely better.

White nsh, such as whitings, soles, and flounders are often fit for

conraleaoents, being neither too stimulating nor too nutritious, when
used without butter or rich sauces. Salt alone is proper. In some
hospitals, such as St, (George's, London, a fish diet constitutes a

part of the diet-table. When jockeys at Newmarket wish rapidly to

reduce their weight, they are never allowed meat, when fish can be

obtained. (Paris, ' On Diet,' p. 223, 4th edition, 1829.) The oily and

red-fibred fiah, such as herrings, eels, and salmon, arc not so digestible,

though more nutritious. When patients in hospitals are ]>ermitted to

chooee their own dinner, they almost invariably select stewed eels, an

indigestible food. The apparently highly nutritive iwwer, not to say

curative, of cod-liver oil, has led to its very extensive use in the treat-

ment of strumous diseases, especially consumption. Fish, if allowed

to ferment or putrify, becomes very stimulating, owing to the disen-

gagement of .immouia. This renders it at first olfensive to the sense of

smell in those unaccustomed to it. The Zetlanders term such fiuh

" blawn-fish." They are fit articles of food in cold regions, and are

used by the Esquimaux. Sir Edward Parry testified to their excellence

in this state.

MushroouM, of which 27 species, native of Great Britain, are escu-

lent, when properly prepared might be more extensively used as food,

both by poor and rich, were their distinctive quaUties better studied

and known. (See Dr. Badham on the ' Esculent Fungi of Great

Britain ;' and Mrs. Husaey's ' British Mycology.')

FOOD, PRESERVA'TION OF. [Antiseptics.]

FOOLS, FEAST OF. This was a festival anciently celebrated in

different churchea and monasteries of Europe and the East, but most
perhaps in those of France upon Mew Tear's Day, when every kind of

absnroity, and even indecency, was committed. It appears to have

been in uct a continiuition of the heathen celebration of the January
Kalends. ' Mock popes, cardinals, and bishops, were elected, with

ludicrous dancing and singing, intended it is said to ridicule exploded

dmidism. The council of Basel in 1435 expressed its detestation of

this and sereral other festivals which were then celebrated, and its

abolition, at least in one district, was ordered by an arrft of the

l<«rliament of Dijon in 1552. The reader who would know more of

this festival [may consult Du Cage's ' Glossary, r. Kalkhdm,' and
Du Tilliot's ' M^moires potir senrir k I'Histoire de la FMe des Fouz,

qui se faisoit autrefois dans plusieurs Eglises,' 4to., Lauaanoe et k
(ieDtve, 1741.

FOOT. [WEiaHTS ASD MSABVBIS.]
FOOT-BALL, a ball made of a blown bladder cased with leather to

be kicked by the foot ; uaed by metonymy for the diversion of driving
the ball itself. This was an early and fiivourite sport with the
English. Fitsstephen mentions it among the games of the Londoners
in the time of Henry II. Pepys, in his ' Memoirs,' vol. L p. 324, a.d.

I664-S, says, "January 2, to my Lord Brouncker's by appomtmcnt in

the Piazza, Oivent (jarden : the street full of foot-balls, it being a
great frost." James 1. forbade it to be ]>ractiaed near his court as

dangerous ; but Addison in the ' Spectator,' speaks of a " football

match," as one of the village st>orts patronised by Sir Roger da
Coverley. It is still a game much]practised by school-boys, and in

many rural districts. At Derby it was played tiU a very recent period

by opjKising parishes, and not unfrequently attended with serious

accidents.

FORCE, a mechanical term, which though it be sufficiently under-
stood in its common and popular meaning, requires some consideration

before its strict and philosophical sense can be comprehended.
The term /orr« always impUes the existence of some cause which

produces a visible mechanical effect. Thus the cause of motion and
the cause of pressure ore both forces : again, difference of effects must
be attributed to difference in the producing causes : thus, greater or

less velocity, and greater or less pressure, are both attributed to dif-

ferences in the causes of velocity or pressure. But on the other band,
effects which are the same in one point of view may differ in another

;

thus, bodies of different weights, let fall from the same heights above
the ground, will strike the ground with the some velocities, but with
different degrees of effect upon the substance wliich they strike.

Again, if a ball be thrown upwards with a velocity a, which carries it

to a height b, it will, when,thrown upwards with twice the velocity,

ascend through four times the height 6. Here, then,_considerod with
respect to one effect, the second force should seem to be twice the first

:

considered with respect to another, the second seems four times the first.

Such difference of ap|>e,irauce in the numerical quantities of different

effects led at one time to long and warm disputes on the proper method
of measuring force, all of which a clearer knowledge of mechanics hss
shown to be of veiy little use. One distinct meaning, with care not
to assume the consequences of any other meaning as necessarily

deducible from the first, wUl enable the mechanical rcasoner to esto-

bliifh the whole doctrine of ttatict, or equilibrium : another, the whole
doctrine of dynamict, or molxon.

It should seem that these two (so called) forcet should have different

n.'uncs ; but custom has settled otherwise. We proceed to the
definitions of force.

In the theory of equilibrium, force is a synonym of preimre, and
weight is its measure. The notion of force is here derived, most
probably, from tho sensation which accompanies muscular effort.

Wherever pressure is jiroduced we can find a weight which will supply
the place of the pressure : thus, if a string of indian-rubl)cr, lianging

from a fixed point, be extended by the hiuid placed at its lower ex-
tremity until its length be doubled, we can, by suspending a weight at
the lower end, find what the weight must be in order to produce the
same effect And we then say that the force which the band exerts

is the same as that of the weight. The immediate causes of the
effect are very different : our own iwwer of volition, and the connection
between the earth and the weight which it draws towards it are (we
may safely say, with all our ignorance of causes) extremely different

tilings; but where they produce the same effect, we cease to think
of the difference, and say that they both create the some foree or
pretiure.

In the preceding definition of force, time is not one of the element';.

But we very soon observe that wherever pressure is produced motiim
is prevented. Let the elastic string be suddenly cut in two, and tho
h.iiid or tho weight immediately descends. It is also proved that
matter is incapable of producing either rest or motion in itself : if a
certain rate of motion be communicated to it, it will preserve that
motion unaltered till some external cause interferes. On this axiom
the notion of force, as causing motion, depends for precision : the
<dterali'jn of telwity is the evidence of the existence of force.

When force, in the sense of pressure, is considered as the cause
of motion, or rather of change of motion, we must take into account
both the necessity of introducing the element timt, and also the quan-
tity of matter which is moved. No change of velocity can be instan-

taneously produced : if a billiard ball, moving 10 feet per second, bo
struck so as to accelerate its motion to 20 feet i>er second, the acces-

sion of velocity is mode gradually though rapidly. A stone which
has fallen for one second in a vacuum is, at the end of the second,
moving at the rate of 32 feet per second : let x bo any ninnber or
fraction less than 32, and there must be a moment, during the course
of the second, at which the stone's velocity is x feet per second.

Again, when pressure produces motion, tho velocity generated in a
given time is less, the greater tho quantity of matter to bo moved.
Let differont weights, the first double th.tt of the second, be pla<»d on
a table (fricti»n not being supposed to exist) and let given equal
weights (say etich one ounce) be attached to them by strings and
hang over the side of the table : then, supposing the two first weigbtw
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to be 16 and 8 ounces, the pressures are in both cases the same,

namely the weight of one ounce; but the masses of matter moved
are 17 and 9 ounces (for in both cases the moving ounce is part of

the whole quantity moved). The velocities at the end of any given

time are found to be inrersehj as 17 and 9 : so that by the time a

velocity of 9 feet per second is created in the mass of 17 ounces, 17
feet per second is created in that of 9 ounces. The connection of

pressiu-e, velocity created by pressure, and time which pressure takes

to create velocity, as deduced from experiment, is contained in the
following results :

—

1. The same pressure continually acting upon a given mass for

different times produces velocities which are proportional to the times,

and augments velocity by equal portions in equal times.

2. The same pressure applied to different masses of matter (that is,

to different weights of matter) during the same time, produces velocities

which are inversely proportional to those masses.

3. The velocity of falling bodies is accelerated by 32"19 feet in every
second : and in that proportion for all other times.

If then a pressure which is the same as that of a weight v produces
motion in a mass of matter whose weight is w, during / seconds, then

because the weight of v acting upon the mass of v for that time would
produce 32"19 x t feet of velocity, we have

Velocity produced by v acting on v (or 3219 x t),

is to velocity produced by v acting on w (which is to be found),

inversely aa V to w, or as w to v : whence
V

Telocity acquired is ^ x 32'19 1 feet per second.

If it were required to reduce the weight w, having a velocity v, to a

state of rest in a given time, say I seconds, and if p were the pressure
requisite to be applied to w during the t seconds to produce this effect,

we must remember that the velocity destroyed by a pressure in any
direction is the same as would have been created in the same time in

the opposite direction, if the mass in question had been already at rest.

Thus,
p w«— X 32-19 X t must be = r or P = ~

na.\a t

Hence, in different masses, the pressures necessary to destroy the

motions in the same given time are as the products of the mas-ses and
velocities. Thus,

The pressure which will in one-hundredth of a second reduce to rest

a mass of 10 ounces moving 100 feet per second, is to the pressure

which will (also in one-hundredth of a second) reduce to rest 20 ounces

moving 85 feet per second, as 10 x 100 to 20 x 85, or as 1000 to 1700.

It is customary to call this product of mass and velocity the rnvmentum

or mr/ving /one of the body. [Momentum.]
When bodies are in motion, and with a continually varying velocity,

it becomes desirable to consider their motion, not at all with reference

to the masses which are moved, and solely with reference to the altera-

tions of velocity which are produced. Thus if a feather and a cannon-

ball move together in the same way, the force that is exerted upon the

feather is the same in motive effect (upon the feather) as that which
acts on the ball (upon the ball). It is customary to ascertain the-

amount of velocity which would be produced in one second if the

acceleration, such as it is at the point in question, continued uniformly.

[Acceleration.] And this result is called the acctUratmg farce : for

which the simple term acctleration might be advantageously substituted.

It is found by the rules of the differential calculus in the following

manner (for the demonstration, see Velocity). If a point move in a

line in such a manner that x feet is its distance from a given point in

the line at the end of the time t seconds, and if a; be a function of t,

then the velocity of the body (r) at the end of the time « is — feet
d t

per second, and the acceleration which that velocity is then undergoing

is such as, if allowed to continue uniformly for one second, would

increase the velocity by -J! or —f feet. Thus, if x=fi + P, or if a
at a fi

point move through t* + (> feet in ( seconds, the velocity at the end of

that time is 2 ( -(- 3 1^ feet per second, and its acceleration is 2 + 6t; or

(for instance) at the end of 10 seconds the velocity (320 feet per
second) is undergoing acceleration at a rate which would, if continued
imdisturbed for one second, add 62 feet in that second : or at the end
of the eleventh second, the velocity would be 382 feet per second.

If / be this accelerating force, we have then

dx
" = 71' ^ =

dv
dt

d'x
= JJi; vdv =ftlx.

Thes* are called the ei/ualiom of motion.

Any unit of time might be chosen instead of one second, but not
without the following caution. Let i; be the velocity generated by a force

acting uniformly for one second ; then 60 i; is the velocity produced in

00 seconds or in one minute. If then we measure the acceleration by
y, when the unit is one second, it might seem that we should use 60

ff

instead of y, when the unit is one minute. But it must be remem-
bered that when we use the iiinute as a unit of time, we must measure
velocities by the spaces »!uch would be described in one minute.
Now, in the preceding, 60 ;/ means that the body, at i..^ end o{ one
ABTS Aim SOI. DIV. VOL. tv.

minute, is moving at the rate of 60 g per second ; that is at the rate of

60 X 60 X ^ per minute. Hence 3600 g is the measure of the accelera-

tion, when both velocity and acceleration are referred to the minute
instead of the second.

Referring to what precedes, we see that accelerating forces (or

accelerations) are proportional inversely to the masses in which they
are produced, and directly to the pressures which produced them.

V
Thus the pressure v acting on the weight w, produces - x 32'19 feet

of velocity in every second.

The greatest difficulty in the way of the beginner is his liability to
confound an increase of velocity with an increase of length described.
He should carefully attend to the article Acceleration, by which he
will see that a velocity uniformli/ increasing causes unequal spaces to be
described in equal successive portions of time ; while a uniformly
increasing length described means a uniform velocity, or a velocity

which does not change at all.

FORCES, IMPRESSED AND EFFECTIVE. When various pres-

sures act at different points of a system, the forces which act upon any
one point are not those which would, by themselves, produce the motion
which that point really has, in consequence of the motion of the system.
Thus, suppose a pendulum with two balls, one above and the other
(which we suppose to be much the heavier) below the point of suspen-
sion. The forces which act on the upper ball would, if it were free of

the larger one, cause it to descend ; while, in consequence of the
connection of the two balls, the smaller actually does vibrate like a
pendulum turned upside down, or as if its gravitating tendency were
upwards instead of downwards. Here is an instance in which the
impressed force acts downwards and the effective force upwards ; that
is, the motion which actually ensues is such as would require a force

acting upwards to cause it.

One of the most important principles in dynamics is that known by
the name of D'Alembert, and is enunciated thus : the impressed forces

are altogether equivalent to the effective forces, or if the directions of

the latter were all changed, the former would equilibrate them.
Suppose an infinitely small portion of time to elapse, during which the
different small masses into which the system may be divided receive

certain infinitely small accelerations or retardations. From these the
effective forces may be deduced, for they are the forces which would
severally produce the actual changes of velocity which take place. If

then, forces equal and contrary to the effective forces thus deduced
were applied at each point, all the motion created by the impressed
forces would be destroyed ; that is, the effective forces are such as

would (applied in contrary directions) prevent the impressed forces

from producing any motion. This proof might be put into more
accurate language, but it is in substance the one which is xis lally

given. [Virtual Velocities.]

FORCES, PARALLELOGRAM OF. Any two forces acting a the
same point, and represented in magnitude and direction by two straight

lines, are equivalent to a third force which is represented in magnitude
and direction by the diagonal of the parallelogram constructed with the
two lines as its sides. [Composition.] This theorem is frequently

called that of the parallelogram of forces.

FORCES, PHYSICAL CORRELATION OF. [Physical Forces.]
FORCING, in horticulture, is the art of hastening the growth and

maturity of flowers, fruits, and vegetables by artiticial means.
Many of our finest exotic fruits are indigenous to warmer countries,

and would scarcely ripen even in our warmest seasons ; but by this

art they are brought to great perfection in cold climates, and by
advancing or retarding artificially the growing season of hardy kinds
they also can be had in regular succession throughout the greater part

of the year.

Although forcing to any extent is but of recent date in England,
yet it appears to have been practised in other countries at a very early

period of time. Sir Joseph Banks, in the ' Hort. Trans.,' cites some
epigrams from Martial, to show that hothouses were not unknown to

the Romans, and arrives at the conclusion that in all probability they

had both vineries and peach-houses, formed of talc instead of glass,

which is now commonly used. Pliny tells us that Tiberius, who was
fond of cucumbers, had them in his garden throughout the year by
means of {specufaria) stoves, where they were grown in boxes, wheeled

out in fine weather, and replaced in the night or in cold weather (Plin.

' Hist. Nat.,' xix. 23) ; whence it may be inferred that forcing houses

were not imknown to the Romans, though they do not appear to have

been in general use. This branch of horticulture was almost unknown
in Britain until the end of the 17th or beginning of the 18th century,

and Lady Mary Wortley Montagu, on her journey to Constantinople in

the year 1716, remarks the circumstance of pineapples being served up
in the dessert at the electoral table at Hanover, as a thing she had

never before seen or heard of. Sir Joseph Banks justly remarks, had

pines been then grown in England, her ladyship, who moved in the

highest circles, could not have been ignorant of the fact. They were

however certainly grown at Hampton Court in the reign of Charles II.

It is said that the discovery of peach-forcing in Holland arose from an

old Dutch gardener having, in a bad season when his peaches would

not ripen, accidentally placed the sashes of a hotbed over them, which

had the effect of ripening them. Even after forcing was practised to

a considerable extent, its principles were so little understood, that

L
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fr«)k proeand ia tkit wajr wa* ntarij Aiiti>uto of thsk oatund flmTourMJi it •oqairas when «ipo«ed to *Im gtaial infliMBO* of the nin's

nyad to frea Twitihtioii

The (niiu o( warmer nlimaio, growing in a wild ctate, enjoy a

paatar degree of Ught than it ia poaiihla to grre them in thia country

•t aa(y aaaaon al tka jaar, aad tUa ia one of the moat iaiportaat

aJMamataaaaa to attend to io the art of foreiag. Nature ia in all

raraeota the beat guide in thete matters, and care should be taken to

hiltatii her aa far ae poadUe ; (tret, by taking care that forced plants

are expoeed to all the light that can be collected ; and, aeoondly, by
(TsaMTiag a due proportion between the quantity of heat and light to

wbkh forcad plants are axpoaed ; in other words, by not forcing too

hard at a snsann whan the sun'a rays are leaat powerful, thus acting in

direct oppoaition to the laws of nature. Attention to thia ia the

oomer^tone of the whole prooees. When early cropa are more
daairahle than high-flavoured fruit, gardeners are obliged to apply heat
without reference to the intensity of light; but if thia is not the

object, forcing should ncrar be conunenoed b«fore the spring, in order

that the fruit may hare the greatest degree of light when ripening.

These principlea are now generally understood and appreciated, and
oaosequently oar peaches, grapes, and other forced fruits are even
auverior to those grown under the clear skitM of the south of Europe.

Mr. Knight, president of the Lomlon Horticultural Society, re-

commended the temperature to be kept much lower during night than
ia generally done, and remarked, "A gardener in forcing; generally treata

his planu as he would wish to be treated himself, onid eonsequeatly,

alkUuu^h the aggregate temperature of his house be nearly what
It eiwbt y fje, its temperature during the uight relatively to that of

the (Uy, is. almost always to<> high." In ouu uf hia vinuriee ho alw.^ys

wished tlw temperature iu the middle of a bright day in summer to

rise to 90", ftnd when the leaves of hi« plantt were quite dry, he did
not object to 10 or 15° higher. But he moat justly odds, that if thia

ia aooompaniad by a high temperature at night, " it exhausts the
excitability of the tree much mure rapidly than it promotes its growth
or accelerates the maturity of the fruit, which is in consequence ill

supplied with nutriment at the period of its ripening, when moat
nutriment is probably wanted."

The same experienced author recommended the plants for forcing to

be rendered, by previous treatment, as excitable as poseible, which may
\n done by ripening the wood early in autumn, and putting the tree

into a state of repoee, ready to be roused into action by the applica-

tioooi heat
. It appears to be a general rule that plants from warm countries

•ndure with impunity a very high degree of temperature, while those

of more temperate regions are impatient of artificial beat, and hence
the difficulty of forcing the plants of northern cUmatee ; for example,
the game degree of heat in which vines flourish would be much too

high for cherries, which throw off their blossoms after expansion
without setting their fruit. The reason of this seems to be the
following : each plant is adapted to the peculiar circumstances in

vhich it is naturally placed ; the natives of warm climates are formed
to endure heat, and those of higher latitudes to suffer cold ; anil when
these circumstances are reversed, those of cold countries being placed

in Moeaaive heat, and those of warm regions in unusual cold, the

former are excited by far too much and too rapidly, so that flowers

and fruit are developed before the leaves have had time to organise

Btatter to support them ; and the latter, if they endure the cold, are

not excited, and remain in a languishing unhealthy state. These
leaaons will at once show the extreme caution which is necessary in

lorcing the fruits of northern climates, and will at the same time
suggest the treatment that plants of such a description require, and
which both reason and experience agree in recommending to those who
vould be at all suooeasful in the art. Firstly, the increase of tem-
ywature must be slow and gradual, and never at ita highest point
noeed 60° or 66* of Fahr. with artificial heat ; air must be freely
atroduced, particularly in fine bright weather, and the house so con-
(tructad aa to admit of the greatest poatibla quantity of Ught, as for

iattanoa by having moveable saahea which can be taken off and put on
At pleoaure.

The Dutch have long been celebnted aa excellent forcing gardeners,
tnd as their manner of performing the operation is peculiar, a descrip-
tion of it may be interesting. The principal feature in their system is

conducting the operatiun chiefly in frames, and pita heated with
fermenting dung. The trees employed in forcing are generally taken
from a wall in the open air, planted in a rich border of leaf mould, and
tnineil to a trellis a few inches below the glaas ; here they remain
until they have ripened their fruit, after which they are moved back to
the wall until wanted for the same purpose in tome succeeding year

;

th«y never force from the same plant two years in succession. Their
UtteiB of employing dung instead of fire heat gives them an excellent
fpportunity of forcing vegetables, such aa rrenoh beans, endive,
lottuoe, Ac., which are either placed on, or plunged in, the bed in tlie

inside of the frame.
Altbous{h pit and frame forcing is a prindjnal feature in the

horticulture of Holland, yet they have now, as well as in this country,
more elevated structures.

The Dutch plan of forcing has been practised to a considerable
txtent in gardens in Britain, inrticularly in that of P. C. Labouohere,

Ea^, Hykads, near Chalnasford, e< whioh a full aocount is givaa in

tha first ToL of the ' Oardanar's M^aiina,' and another interssttnc

paper npoo the aamo aabject, oooununioated to the Horticultural

Sooiotf by M. Undagaard, ia publiohad in their TranaareUoos, Series L,
voL T. Thrs beat iniomatiaa regarding the «ni««i4Kln principlea of

foroing ia onntaiiiaH in tbo nuuaroos papers ia>l>wid ttiroogh tk*
TnaarMtioao of the Loadoa Hortiooltutal Soosat^, eoaamoniflated by
Mr. ICniglrt and other sciantifio individuals, and m Lindlay's ' Theory
and Proetioe of Horticuhurs.' The beat practieal worka upon the

subject ore those from the pens of Speechly, SandsM, M'lntosh,
Krrington, Olendinning aad Robert Thompson, the eontaats of which
are chiefly given in L<oudon'B ' Encycloptsdia of Qardaniag,' and in the
columns of the ' Chudener's Cbronicls,'

FORCINO-ENOINE. [FiBi-Exaiifi.]

FORD, a name applied to that part of a river where the water ia

sufficiently shallow to admit of wadmg through it, and thus creasing
over without having reooono to a bridge, a farry, or other similar

means of passage.

Some rivers ara never fordable, others are always so ; in some the
fbrda are temporary aa to saaaon though permanent aa to place, and in

otlMts they fa«qaeotly change their situation. Rivera whoae banks
are steep and course straight are rarely fordable, for in such the watar
is generally too deep or too rapid to admit of fording. Small and
regular streams issuing from springs in flat countries are generally

fordable at all times and in all parte. The most common oaaes, how-
ever, are those of temporary and changeable fords. Uf the first of
these it is observable that when a river haa once formed its bed in a
soil of a certain degree of tenacity it seldom changes its channel, so
that its shallows and deep parts remain constant, and, if the former
permit of being forded, nothing but a rise of the waters renders the
ford impracticable. This rise depends entirely on the rains which fall

into the basin of which the river is the drain and the size of the baain

itseH , to which two circumstances the river is generally proportionate.

If the basin be large and subject to frequent rain the fords will fro-

quently be rendered impassable ; if the rains are of long duration, the
passage of the ford will be interrupted for a time proportionably long.

The channel however remaining permanent the ford may again be
passed as soon as the excess of water has flowed off. Such fords have
generally been used long before bridges were constructed, and as

travellers from a distance sometimes found the ford impassable on
arriving, hoetelries for their temporary reception were constructed on
the banks. Such has been the l^ginning of many towns whose names
still commemorate their origin, aa Chelmsford, Bedford, Oxford, Strat-

ford, &c.

Such rivers aa flow through a loose soil, as sand or gravel, have
generally a very winding course and are constantly shifting their

channel, that is, the deep port (which the Qermons coll the t/uUKig) of

their bed. These rivers though they present the greatest number of

fords arc constantly varying the situation of them, so that they are not
only temporary aa to season but also as to place. The rains by in-

creasing the mass of water increase the strength and rapidity of the
current, by which the bed is ploughed up and deepened in an irregular

manner. Banks also are carried away and others formed in parts that
before were deep. Thus after every flood the place of the ford is

changed.
In the case of torrent rivers, such as those of Italy, fords are very

common, but they are subject to be rendered suddenly imp.iasable, or
shifted, the waters rising with frightful rapidity to a great height and
acquiring amaaing force. They however soon subside, and, unless they
have deepened the channel, cause no other inconvenience than a very
temporary delay.

In mihtary onerations fords are of the greatest importance. The
inhabitants on the borders of a river generally know where they are,

but as their indications cannot always be relied upon, particularly in

an enemy's country, the fords must be looked for. They are generally

found either in the widest pirt of the river, or in the direction of the

diagonal line that joins the salient angle of one side to the salient angle

of the other side, aa A B or c D.

In the first cose the waters spread out in the wider part of the bed
of the river, and are therefore less deep ; and in the second, there is

always a deposit in fcpnt of the salient angles (aa indicated by the

dotted lines) and consequently the water is more shallow in those

parts.

Fords for infantry should not exceed the depth of three feet, and
for cavalry that of four feet. These are the extreme depths, and if

the current bo somewhat rapid it is dangerous to risk fording tliroush

more than two feet water for infantry and three for cavalry. The
bottom must also be firm and even. Mud, weeds, or blocks of stons

are great obstacles—loose sand is slso bad aa a ford for cavalry,

for, being stirred up from the bottom by the horses, it is carried

away by the stream, and the ford thus becomes so deep that the

last horses in sudi ease are frequently forced to swim. The
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opposite bank must also be easily accessible and clear, for it is useless

to cross a river when, on gaining the opposite side, your further pro-

gress is impeded by rocks or impassable forests, thick brushwood, or

swampy ground. Having discovered a ford, it is indispensable to mark
its situation, and if some time should have elapsed previous to con-

ducting the troops to it, the ford should be again ejtamined in order
to be sure that the waters have not risen, or that the enemy may not
since have rendered it imjKissable, which may be effected in different

ways. Other considerations are necessary when the ford is to be passed
in presence of an enemy, but these belong to a different subject.

FORECLOSURE. [Mobtoage.1
FOREMAN. [Jury.]
FORESHORTENING (in Italian scorciare, scorcio) is a term chiefly

applied to anatomical drawing when one or more limbs of a figure, or
its entire body, are shown so as to be shortened by being viewed
directly in front or nearly so, and the spectator seeing little more than
its fore end, or that which is towards him. Thus, supposing an
extended arm and hand to be nearly opposite the eye, and perpen-
dicular to or forming a right angle with the picture, little more than
the tips of the fingers or thickness of the arm would be visible.

Hence, as perspective has been defined to be the art of foreshortening
objects, foreshortening may be explained as linear perspective applied
to the human figure, this being the principal case which admits of

striking perspective effect in such objects ; because when, as for the
most part happens, the limbs are beheld in their full or nearly their
full extent, let the attitude be what it may, the outline is little affected
by mere perspective ; consequently, except in ceiling-pieces, where the
figures are supposed to be above the spectator, and seen from below
the plane on which they stand, furesUurleimig—at least any consider-

able degree of it—is rarely required in delineating the human figure
;

while, on the other hand, it occurs more or less in the figiu-es of

almost all animals, their forms being more compounded and their

bodies placed horizontally. An example of forethurtening may there-

fore at any time be obtained by standing either in front or behind a
honre, when the hind or fore-legs, as the case may be, will be nearly

concealed by tho.se towards the eye, and the back of the animal or its

length be no longer visible. In sculpture, unless it be in reliefs, the
foreshortening of the limbs depends entirely upon the station chosen
by the spectator himself ; whereas in painting it depends upon that

chosen by the painter for him ; and several fine examples of it occur
in the works of Michel Angelo, Correggio, and Rubens.
FOREST, an extensive tract of ground overgrown with trees alone,

of one or several species, or with trees and underwood.
Forests are not only liighly interesting in themselves, but are of

most extensive importance, whether as regards their influence in the
general economy of the globe or on local cHmate ; as supplying to man
those necessary articles timber and fuel, besides a variety of nutritious,

medicinal, and tinctorial plants ; or finally, as affordmg shelter to wild
animals, which finding in them both food and security, leave man un-
molested, except when the inclemency of the weather or the scarcity of

food impels them to seek the inhabited country.

In taking a view of the forests which cover such immense tracts of

the earth's surface, the first thing which strikes us is their variety. In
one place they are coiu[>o9ed of palms, in another of oaks, and else-

where of pines and birch trees, &c. We are next surprised at the
apparent dissimilarity of situation in which we find collected together
trees of the same kind ; jalnis in America, in Africa, and in Asia ; oaks
and pines in Russia and Mexico, in plains and on mountain tops. A
little consideration, however, will satisfactorily account for this. Trees
like other vegetables, require, according to their several natures, and
independent of suitable soils, different modifications of heat, light,

and moisture,* circumstances which, so far from being influenced by
latitude alone, are much more dependent upon height above the level of

the sea, the vicinity of the sea, and other circumstances, than upon
proximity to or distance from the equator. Hence, not only do we find

particular kinds of trees associated in those regions which are most con-
ducive to their perfect development, but as we find regions of similar

climate in different parts of the world, so do we find them producing
vegetation of similar character, and thus, though the toirid zone has
forests peculiar to itself, we there find also, but at different heights
above the sea, the forests of what are termed the temperate and frigid

• In tM« article, a^ originally puMWhed, and «irr»e«blT t« what was bclinrtd
at the tim«, atmospberle preiwnre wa.* enam^rated amonf^ these circmn!itancp«

;

hot this has rtnce hfen fotmd to b« a theoretical generalisation which facts do
not support. Science la indehted for the correction to Dr. Joseph D. Hooker,
y.R.S.. who has stated that b* knows of no foundation for the hypothesis that
an alpine vegetation may owe lome of its peculiarities to the diminished
atmosyyeric pressure. Many plants, he ohoerve^, natives of the level of the sea
In other parts of the world, and some even of the hot plains of Ben^l, ascend
to 12,000 and even 15,000 feet on the Himalaya, unaffected by the diminished
prp8«nre. Any number of species from low countries may be cultivated, and
some hsTcbeen, for a(te», at 10,000 to H,noo feet, without change. It is the
same, I>r. Hooker also stiites, with animals (and also with man up to the
elcTation of about 14,000 feet) ; innnmernblo instances may with ease be adduced
of pressure alone inducing no appreciable change, whilst there is absence of
proof to the contrary. The atTections both of plants and animals which have
been attributed to this cauae, appear to be occasioned in reality by the other
phenomena whiob accoinpany dtminishe^ pressure of tbo atmosphere.—(* Hinuu
layan Journals,' vol. IL, pp. 413-415.)

zones. It is, however, remarkable and not easily accounted for, that,
although the same trees seem to require similar climates, these
climates do not always give bii-th to the same kind of plants. The
greater part of our European forest trees, even the hardiest, disappear
towards the Tobol and the Irtish. They do not grow in Siberia
though the climate is the same. The oak, the hazel, and the wild-
apple are not found from the Tobol to Da-uria, although the two first

appear again suddenly on the borders of the Argoun and the Amur,
and the last is again found in the Aleutian islands.

According to Humboldt, whether we ascend from the plain of
Orata^-a to the top of the Peak of Teneriffe, or from the shores of the
Pacific to the summit of the Mexican Andes, we find different zones
of vegetation, in which the succession of forest-trees follows, generally,

the same order that is observed in jxissing over tlie surface of the
earth from the equator towards the poles. Eamond, also, in the
Pyrenees, and Toumefort on Mount Ararat, found in ascending these
mountains, the same succession of trees as exists in passing from their
particular latitudes towards the frozen regions. From this faot it has
been rather rashly concluded, that certain heights correspond in the
nattire of their vegetation with certain latitudes : this, however, is not
strictly the case, nor is the succession we have mentioned absolutely
that observed in proceeding from the equator northward. The ex-
treme heights at which certain forest-trees vegetate in the Andes are
different from those at which similar trees are found in the Pyrenees,
and while the birch is nearest the snow in Lapland it is succeeded in

the Alps by the pine. These variations are explained by a difference

in some of the elements of local climate, and by the probable fact of

particular primitive distribution. It is also remarkable that in some
cases forests are composed solely of some particular tree. Thus, in
Lapland there are extensive forests of birch without a single tree of
any other kind, and without tmderwood. In Mazovia also are exten-
sive forests of nothing but birch. In Norway, Sweden, and Finland
many forests consist exclusively of pine. Asia has whole woods of
nothing but cocoa-nut, &c.

It has resulted from the investigations of M. Alphonse de CandoUe,
In geographical and geological botany, as modified by those of the late
Professor Arthur Henfrey, of King's College, Loudon, that ligneous
plants establi-shed themselves in northern and temperate countries,
at an epoch when the climate must have been more humid and mora
cloudy th.an it is at present. The destruction of forests to clear land
for cultivation, changes the whole face of vegetation, and even to some
extent (as remarkably exemplified in India) affects the local climate.
Instances of this kind might be furnished from almost every part of
the globe. At the present time, regions in the South of Europe,
North Africa, the Canaries, the Southern • United States of North
America, and elsewhere, once cleared and exposed to the influence of

the sun, do not become clothed again by forests such as they possesse4
formerly. North Europe was clothed in early times of the historical

period, forming the later part of the present geological period of the
earth's history, with dense forests, long since cleared away to give
place to cultivated plants, and a multitude of wild plants suited to the
different conditions of the soil ; in like manner as the forests of Nortt
America are disapjiearing by degiees imder the hand of man. The
change is not merely one kept up by a continual effort of cultivation

;

the original vegetation does not always re-establish itself even when
the region is deserted. New kinds of plants spread over the cleared

ground, and new animal inhabitants come to check the efforts of the
old forests to renew themselves. Coniferous and amentaceous plants,

which form the chief constituents of forests in these regions, are
phanerogamia of low organisation ; and this fact leads to a conclusion

of great interest in the history of plants, and perhaps of org,anic beings
gener.ally. The probable antiquity of the groups just named, judging
from their occurrence in masses in certain countries, confirms, accord-

ing to the eminent botanists whose views we are citing, the opinion that
existing species are of unequal antiquity, and that the older species are

of lower type.

Our European forests, generally considered, are composed of oak,

elm, ash, beech, alder, popkir, willow, plane, birch, and lime, together

with interspersed wild-apple, pear, and cherry-trees, dogwood, haw-
thorn, and service-tree ; the underwood being hazel, elder, buckthorn,
vibum«m, dog-rose, &c. Yew and holly are the evergreens of our
woods, and of coniferous trees we have the larch, different species of

the pine and fir, the cypress, and the juniper.

Poreita of Great Britain and Ireland.—The British isles, like other
countries of Europe, were in former times much more abundantly
covered with timber than they are at present. The increase of popula-

tion tends to the destruction of forests by causing a demand for the

productions of arable land ; and this, together with the prodigal

expenditure of wood, when it is abundant, and the general and long-

continued neglect of any measures tending to ensure a constant supply,

have been the chief civuses of the great diminution of wood. But
though we have now hardly any forests of considerable extent, there

are jwrhaps few countries over which timber is more equally dis-

tribute<i, that is, in those counties where the soil and aspect are

favourable to its growth. Woods of small extent, coppices, clumps,

and clusters of trees are very generally distributed over the face of the

country, which, together with the timber scattered in the hedge-rows,

constitute a mass of wood of no inconsiderable importance.
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In Herefonii&re, Warwicluhire, NorUuunptoDahire, and Stafford-

hire U «buDdanc« of fins oak and rim woodi. In BucUnghanuhiro
thare u a quantity of birch and oak. and also fine beoch. Suaaex, once

MM>rat«d fur the extent and quality of ita oak forests, has yet some
ood timber ; atpreaent its woodlands, including coppice-wood, occupy

175,000 acres. Kasax, with 50,000 acres of woodland, has lome elms
and oaka. Suiny, Hertfordshire, and Derbyshire abound in coppice-

woods. In Woroeatenhira is abundaooe of oak nn<l vim. In Oxford-

shire there are the forests of Whichwood and Stukenchurob, chiefly of

beech, with some oak, ash, birch, and aspen. Berkshire contains a part

of Windsor forest ; and Glouoestetvhire, the forest of Dean ; so that

these three last counties are extensively wooded, and with noble trees.

Cbeshire has few woods of any extent, but tlie hedge-row timber and
oonicea are in such abundance as to give the whole country, especially

wnao seen from an elevation, the appearance of a vast forest. Uf the

TCmaining counties, some have very little wood, and a few are altogether

without ; but the want and value of timber have given rise to a great

many flouristiing plantations. Of late years the flanks of the Cum-
brian mountains, the sides of the fells, and the borders of the lakes, in

Cumberland, Westmoreland, and Lancashire, have been extensively

planted, chiefly with Scotch fir and larch. In Wales also, there is a

rage for planting. In South Wales alone six millions of trees, it is

aaid, are annually planted ; if that is the case, nine-tenths of the

number must come to nothing, or the whole country would be one
entire forest.

Seotltuul has few forests of large timber, if we except the woods of

InTemeas-shire and Aberdeenshire. In the former of these counties

the natural pine-woods exceed the quantity of this wood growing
naturally in .ill the rest of Britain. In StraUispey alone there .ire

15,000 acres of natural firs ; and in other parts the woods are reckoned

by miles, not by acres ; there are also oak woods, and extensive tracts

of birch. In Aberdeenaliire, in the hi^er divisions of Mar, there are

100 square miles of wood and plantations. The pines of Braemar are

magnificent in size, and are of the finest quality. Argyleshire, Dum-
hartonsbire, and Stirlingshire have many thousands of acres of coppice-

wood, and, with a very few exceptions, the remaining counties have

many, and some very extensive plantations.

Inland has every appearance of having been once covered with wood,
but at the present day timber is exceedingly scarce in that country,

there being no woods, if we except a portion along the sea-coast of

Wicklow, the borders of the lake Gilly, in Sligo, some remains of an
ancient forest in Galway, and some small woods round Lough Leue, in

the county of Kerry. The lakes of Westmeath have also s ime wooded
islands. There are extensive plantations in Watcrford, and a few

natural woods, of small extent, in Cavan and Down ; but Fermanagh is

the best wooded port of Ireland. The want of wood however in this

country, as far as it is employed for fuel, is little felt, in consequence

of its extensive bogs, which furnish an almost inexhaustible quantity

of peat
Upon the whole then, though Great Britain and Ireland do not now

poanas any extensive forests, still there is a considerable quantity of

timber, and the extent of new plantations seems to promise that we
hall never be wholly destitute of so essential an article as wood.

According to M'CuUoch, there is annually cut down in Great Britain

and Ireland timber to the \-alue of 2,000,000/.

If from our own coimtry we pass over to the continent of Europe,

,we shall find forests of much greater extent, particularly in the

north-ea«t.

Noricay.—In the southern }>art of this country the mountains are

covered with wood ; birch, maple, pine, ond fir, forming immense
forest*; the fir, sometimes attaining a height of 160 feet, is in great

estimation for masts and building timber : in the regions of moderate
elevation are aspens. The go<Ml lands have some fine forests of oak,

which extend as far as Drontheim, in 63° noith latitude. The forests

of SicetUn are similar to those of Norway. In the damp plices there

grows in abundance the .ilmond-leaved willow (Sitli.r amyf/dalind).

Dtnmark.—Of this country it may he remarked th.it Jutl.ind, once

covered with thick forests, has now only a few long slips on its eastern

aide. Holstein has very little wood. The island of Kunen has some
amall woods, as also Sealand,ain that part of it which borden on the

Sound. Falstar is well wooded, and Bomholm has a good deal of bireh.

In all, Denmark poaseaaea alxnit 1 30 square leagties of wood, chiefly

bireh ; there is also ash, older, nn'l oak, but pine aud fir are scarce.

Uiiland poasesaes timber, though not in very great quantity, generally

speaking ; what there is, consists of beech, fir, poplar, and ash ; willow

crows uong the canals, agd the coppices are of maple, ash, hornbeam,
Ureh, and beech, with a slight portion of oak-bushes. In UucldcrLind

there are plantations of many miles in extent of fir and Weymouth
^aea, and many hundred acres have been sown with acorns. At
Bhanao there are thick woixtii, as also at Amhcim ; and many plan-

tattoos have been formed on the upper Yasel of fir, pine, oak, beech,

and bireh.

(hnmany ia ao well-wooded that the forest* are estimated to cover

about one-third of the whole surface, though some consider this

estimate too large. In //anurer are some fine groves, and a <juantity

of limes and willows planted in rows. This kingdom also mcludes
about three-fifths of the Hans forest. In Wrtlphalia there are very

extensive foreats, one in particular, in the neighbourhood uf Osnabriick,

is about S2 miles long and 20 broad. Tbeae woods, in which there ia

abundance of the finest oak timber, are stocked with swine, and furnish

the hams so generally esteemed over all Europe. In Brtuuwiek the

wood* and plantations cover a surface of near 300,000 acres. Sn:r<my

is alio abundantly supplied with foreats and plantations. Uaie Caatl
has about a million of acres of wood, and the Rhenish provinces ara

amply furnished with it. Pruaia poaaesaea about 18 milliona of aorea

of woodland. Near Kunnersdorff u a wood 20 mile* in length. The
banks of the Oder are well furnished with fine oaks, aa also pines,

birehes, and willows, of extraordinary dimensions ; elms do not tnrive.

In several places the roads for miles are bordered with pophui. and
there is abundance of flourishing plantations. Boktmui posaaaae* forests

of all the treea cuniiuon in Germany ; they are regularly cut, and
furnish upwards of 270 milhons of cubical feet of wood, of which, a* it

greatly exceeds the consumption of the country, a considerable part is

exported. Bararia grows a quantity of fine oak and beech timber

:

the principal forests are those of Speaart, the Rhon-Gebirge, Zwiealar,

Mitten, Kulwold, Retzlor, Lorentz, Ac ; they cover together a surface

of upwards of seven millions of acres, being about 29-hundredthB

of the whole superficies of the country. In WUrtrmberg, the forest*

occupy about one-third of the whole surface. Baden counts about
two millions of acres of forests, consisting of oak and pine. In
the Archduehg of Aiutria, though there are many forests, they have
been so long neglected, that wood ia comparatively scarce and dear.

The Hungarian ttala have, towards the north and west, aa also

in Transylvania, some very extensive forests : that of Bakony, the

most considerable in the country, is full of the finest oaks. The plains

are in general bare of wood, but the Cariuthians are covered with the

dwarf pine {Pinui punulio). The whole coimtry contains about 12

millions of acres of forest. The TjfrU abounds in timber, of which a
quantity is exported to Venice.

Switzerland is abundantly wooded, particularly with the cone-bearing

trees. Oaks are found occupying a region which rises to the height of

2800 feet above the sea, beyond wliich, and to the height of 4000 feet,

there are beech woods ; the firs are found at the height of 5500 feet.

France has many fine forests, though hardly sufficient for the con-

sumption of a country where wood is the chief combustible (and indeed
is protected as such in the interest of the forest proprietors, to the
detriment of the extraction of nxineral fuel), and where the state of

the arts and general civilisation cre.ite a constant demand for large

timber and wood of every kind. The variety of climate and position

in that country are however favourable to the growth of all kinds of

European and many exotic trees ; the oak, the birch, the elm, the ash,

and the beech, are abundant ; the elder grows in the damp places, and
the mountains are clothed with pines and fir. The woods are pretty

generally distributed over the country ; .ind of the 86 departments
into which the country is divided, there are 24, in each of which there

are from 100,000 to 200,000 acres of wood, a dozen more containing

from 200,000 to 800,000 acres, 6 having from 300,000 to 400,000 acree,

and .3 which reckon each above 400,000 acres. The department of

Dordogne alone contains upwards of 1,000,000 acres of wood.' In all

France there is reckoned about 21,000,000 of acres of woods and
forests; of which about one-seventh, consisting of 1473 different

forests, belong to the state.

Ilal;/, the geographical ]X>sition and local peculiarities of which are

favourable in a high d^ree to vegetation of every kind, is not par-

ticularly rich in forest trees. There is at Ravenna an extenaive forest

of the stone pine (PincM pinea). The Apennines also have their por-

tion of coniferous trees, and are in some places covered to the top

with luxuriant forests of chestnut-treea. The fertile basin of the Po
abounds in plantations of oUve, mulberry, fig, and almond-trees, while

the pyramidal poplar forms a contrast by its tapering form with the

flattened and branchy head of the stone pine ; and the same may be
said of other parts of Italy. In Sicily the forests have long since been
exhausted, oud wood is extremely rare in that island. But in SardiMta

one-fifth of the surface is covered with ancient forests of oak, among
which is the cork oak (Qaercut mbtr), the common oak (Q. robur), and
the evergreen oak (Q. Hex).

Spain and Portugal are deficient in wood, both aa regards quantity

and quality. The peninsula however is not unfavourable to the
growth of timber ; in the time of the Moors, the soiithem provinces

m particular possessed some noble forests, but they have long since

been devastated; and although since the time of Philip II. there has

existed an excellent code of forest laws, they ara altogether disregarded

or evaded. Nevertheless there are still some forests in Sp.iin ; thus
between the two Bagniree, in the Spanish valley of Aran, and on both
sides of the western Pyrenees, there are forests of the silver fir ; and
on the south side of these mountains, east of Benaaque, as also near

Mont Pedru, aud on the hills snrroimding Andorra, are woods of the
Piniu wtcinata; and in the neighbourhood of Campo, in Upjwr Ara-

gon, are foreats of the Pinun fiymiaica, or, according to some, the

P. Lariehio, or Corsican pine. On the Sierra de Cuonfa, the Sierra de
Segura, the Nevada, and the Serrania de Itonda, are some tracts of

different kinds of pine, as the P. /{itpanica, or Spanish pine {P. hale-

pemit). The Alopi>o pine grows in considerable quantities in Catalonia,

aud in the western part of Andalusia ia a forest of the stone pine.

The principal forest of Spiin however is that of St. Ildefunso, which is

chiefly of the Scotch pine {P. ij/lvalrit). In the maritime part of the
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Basque provinces there is nothing but the miserable piii des landes.

In Biscay beech only is cultivated ; but in Galicia and in Catiilonia

there are both oak and beech. In Estremadura there are forests

of the evergreen oak, which produce the sweet or edible acorn ; Cata-

lonia, Valencia, and the environs of Seville, produce the cork-tree

(Q. tuber). This tree, which was formerly abundant in Andalusia, is

proceeding rapidly to extinction. Many parts however of the Castiles,

Aragon, Andalusia, and Estremadura, are without wood ; and although

the common oak is found in small quantity in the northern provinces,

upon the whole there is a great deficiency of useful wood ; all the

middle and southern regions hardly produce one good kind of timber.

European Turlq/—Of this country it is observable that, on the

northern side of the Balkan, in the basin of the Danube, there are fine

forests of oak, elm, and pine, and in Wallachia there are whole forests

of fruit trees, particularly plum, apple, pear, cherry, and apricot. On
the southern side of the chain the forests are particularly varied.

Different kinds of pine and fir, oak, maple, sycamore, walnut, chestnut,

and beech, are found in succession on the several terraces, while on

the mountains themselves forests of oak, elm, and lime, abound. The
Worea produces the cork tree, the Kermes oak, the Valona oak, of

which the acorns are eaten, the plane, the wild olive, the sweet chest-

nut, the manna ash, pine, firs, and the larch, the barren date tree, the

silk tree, 4c, and a variety of plants used in the arts, and in pharmacy.

Ruma.—Of all the countries of Europe, Russia is the most abundantly
provided with timber; and her forests would be an almost inex-

liauiitible source of wealth, if it were possible for the government
effectually to protect them from destruction. In 1802 regidations for

the preservation of the forests were established, but such is their

extent and that of the country, that it is next to impossible wholly to

prevent the waste of wood.
Hermann's ' Statistical Notice of the Agriculture of Russia,' pub-

lished in the 8th vol. of the ' Memoirs of the Acaflemy of Sciences of

St. Petersburg,' and quoted in Mr. Schnitzler's work, states, " there

are still 200,000,000 of acres exclusively covered with pine and other

cone-bearing trees, without counting oa^, maples, beech, poplar, and

hornbeam (none of which are scarce below the latitude of 52), and

birch, which grows further north." In the year 1804 it was estimated

that there existed 8,192,295 pine trees fit for masta, being 30 inches in

diameter ; and 374,804 oak trees, of 24 inches and upwards in diameter;

about 87,000,000 more pines were proper for building timber. Enor-

mous as this may appear, the statement, so far from being exaggerated,

would seem to be considerably below the truth, it being certain that

in the three northern governments alone of Wologda, Archangel, and

Olonetz, there are 216,000,000 of acres of forest trees, chiefly pine and

fir. Birch, pines, fir, and limes, are the common forest trees of Euro-

pean Russia. The first is the most abundant as far as the 55th parallel,

beyond which there are still found vast forests of pine and fir. The
governments of Novgorod and Twer are covered with wood ; the Vol-

konsky forest is the largest in Europe. In the government of Perm,

of a surface of 50,000,000 of acres, 47,000,000 are covered with forests.

Many of these immense tracts of wood are impenetrable, and harbour

great quantities of bears, wolves, and other savage beasts, while others

abound in deer and game of all kinds. In Esthonia, Livonia, and
Courland, there are fine foreets of pine, fir, and birch, the latter pre-

dominating in the moist plaoea; alder, ash, elm, and plane, are found

in the good soils, but oak is in general scarce. In Courland lime is

abundant, but beech is rare; there are willows of several varieties.

In general it may be observed that, in Russia, the pine, fir, and other

coniferous trees, are found as far north as 57° ; birch, aspen, and

extensive forests of lime, as far as 54° or 65''; oak, rare in the central

plateau, prospers towards 51° or 52°, but in the valley of the Volga

they are fine and abundant at 55°. In the same region where the oak

succeeds the Russian maple (Acer tartaricum) is in abundance, as also

white poplar and hornbeam. In the central provinces beech hardly

reaches Smolensk, and does not pass beyond Little Russia. In some
parts of the Ukraine are fine oak forests. In Lithuania the timber is

generally fir, intermixed with pine and birch, and occasionally oak.

The woods of the latter province harbour bears, elks, &c. , and in the

celebrated forest of Bielovieje is found the aurochs, a species of wild

ox, now peCTiliar to this locality.

Poland, generally speaking, is covered with magnificent forests ; in

Mazovia particularly there are some very fine woods. The different

varieties of the pine are found in the sandy places, and on the moun-
tains are fir and beech. Oak succeeds well in good soil. In addition

to these trees Poland also postesses larch, lime, elm, and ash. In the
Buckowine are forests of beech, intermixed with fir and birch woods.

It appears then, that although the progress of civilisation and
increase of population have greatly diminished the forests which at

one ,time covered great part of Europe, there is still an immense
cpiantity of wood, and the necessity of keeping up a constant supply
being now very generally acknowledged, there is reason to hope that
the forests will no longer bo abandoned to wanton destruction, but
that, on the contrary, the felling of timber and cutting of copse woods
will be properly regulated, and fresh plantations made to replace the
wo(k1 consumed.
We will now take a hasty glance over other parts of the world.
Asia.—In the Caucasus we find that on the western, eastern, and

southern slopes of this chain, there are forests of cedar, cypress.

juniper, beech, and oak, and on the edges of these, quinces, wild apple,

and pear trees; while the warm and sheltered valleys produce the
almond, the peach, and the iig. On the borders of the Caspiau there
are woods of olive, plane, aud laurel.

In Asia Minor, Mount Taurus is covered with forests of cypress,
juniper, and saviues. The gall-nut oak grows from the Bosphorus to
Syria, aud the Persian frontier ; oaks and fir abound in the forests
along the Black Sea. There are also in different parts woods composed
exclusively of fruit-trees. Syria, to a vegetation greatly similar, adds
the sycamore and palm trees.

Arabia has no forests, properly speaking. The oases, however, con-
tain groves of date palms, tamarinds, and diflerent fruit trees. In
Hejaz the date palm is abundant.

Persia.—In Mekran there are forests of the Indian palm, intermixed
with the odoriferous shrubs of Arabia Felix. In the valley of Shiraz
we find only clumps of plane trees, weeping willows, and poplars ; but
the mouutains which border the Caspian are covered with oak, lime,

acacia, and chestnut : and higher up cedar, cypress, and other pines,

with the sumach and the mountain-ash. Ghilau abounds in boxwood,
and on the south-east of the Caspian there is great abundance of oak,
but no pine.

Siberia is too cold for the oak, the hazel, the alder, the plane, and
the wild apple ; even the ash ceases towards the Irtish ; and the fir,

which in Norway grows as far as 70°, stops in Siberia at 60°, while the
silver fir goes no further than 58°. The great steppes of this country
are nevertheless bounded by thick forests of birch, willow, elm,
Tartarian maple, black and white poplar, aspen, and a gi'eat variety of

firs, among others the Siberian cedar, which sometimes attains a height
of 120 feet, and is particularly fine on the banks of the Yenesei. The
country between this river aud the Baikal is well wooded. At Tobolsk
are fine woods of birch, and of the pitch pine. Berezoff has also forests

of birch and fir, with stuuted Siberian cedar. In the government of

Tomsk there are forests of elm, larch, ^villow, and birch ; and between
the Obi and the Tom, the land is covered with birch. 'To the west of

Irkutsk the country is nothing but one vast, dense, and swampy forest.

At Nertchinsk, in Russian Daturia, forests abound formed of larch,

black and white fir, Siberian cedar, and black birch, which latter is

found only here. There are also whole forests, of wild apricot and
rhododendrons. At Ockhotsk there are immense tracts of swampy
forests, and Kamtchatka, the eastern limit of the Old World, abounds
in larch, white poplar, and birch. The willow and the alder are em-
ployed only for fuel. On the whole, Siberia, notwithstanding its

immense steppes and marshy plains, still reckons upwards of 2,000,000
of acres of forest in the two neighbourhoods alone of Ekaterinbourg
and Tobolsk.

Central Asia is too little known for us to speak with any certainty

regarding the forests it may contain. The greater part of the vast

plateau of Tartary is a sandy and desert region, except at the imme-
diate borders of the water courses ; what forests do exist are on the
slopes of the mountains by which the plains and valleys are surrounded.
In the province of Leao Tong, in Manchuria, there are some extensive

forests of fir, cypress, acacia, willow, apricot, peach, and mulberry, and
on the east coast the mountains are covered with oak and pine, while

towards the lower lands the willow, the maple, aud the azalea are

abundant.
Corea has immense forests in the mountains of its northern parts.

The islands of Sagalhiri, Jesso, and the Kuriles have large forests of the

finest timber.

The Empire of Japan has a vigorous vegetation, partaking of the

European and South Asiatic ; larch, cypress, and weeping-willow,

which, by the way, is found in all the temperate countries between
the Mediterranean and this empire, are here blended with the cocoa-

nut, the fan-palm, and arborescent mimosas.

China.—On the mountains of the western district of this great and
populous empire there are forests of immense extent, abounding in

almost every species of tree known in Europe, and many others

unknown. These forests, besides timber and fuel, supply many valu-

able productions, such aa barks, gums, oils, and resins xised in the

arts; rosewood, ebony, sandal-wood, and the valuable Chine.'je aloe;

a camphor-tree, which furnishes the best and most beautiful timber,

the paper and other mulberries, the tallow-tree, the bamboo, &c. The
provinces of Kiang-si and Quang-si have also their mountains covered

with forests, and in the latter province there is cinnamon superior to

that of Ceylon.

The islands of Formosa and Hainan axe abundantly wooded, pro-

ducing, besides timber, several woods remarkable for theu- perfume,

and others of great value for carving, as eagle-wood, violet-wood, and a

yellow wood of remarkable beauty, said to be incorruptible. Return-

ing to the continent of Asia, we find

Tibet, having the bases of its mountains girded with forests of bam-

boo, aspen, birch, cypress and yew, and ash of remarkable beauty;

pine and fir are low and stuflted.

Cashmere has abundance of oak.

India, both within and beyond the Ganges, is rich in wood. There

are whole forests of the bamboo, which s jmetimes attain a height of

60 feet. Cocoa-nut and palms of all kinds cover large tracts. Here

are woods of oak, fir, cypress, and poplar; there are mangoes, bauian-

1 trees, uvarias, robiaias, sandal-woo<l, &c. Guzerat, Oudepoor, the king-
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of Ajam, Bengal (ilong Um coast particularly), tha mounUlni o(

TipfB, and HaUlar, abound in wood : tha latter itroaucw teak. In tha

Birman anipira there are mapiifloent foreata of taa laat-nanied valuable

tree, together with white aandal-wood, eagle-wood, iron-wood, ebony,

mamore, Indian tg, fon-palma, bignoniaa, ooooaa, and aago-palnia ; an

Jao fine groTaa of orange, lime, fto.

Tba maaa of tho forerta of tlie Sikkim Himalayas, aooording to Dr.

J. V. Hookw, eamiiMneei at about the height of CUOO feet, where the

i^riouHuio of the country terminatea in aacent ; and b formed of

—

(1) three apeeiaa of oak, of which Q. annnlala t, with inunenne lamel-

latod aoonia, and leavea IS inches long, i* the tallent and tha most
abundaot ; (S) Cheanut ; (S) Launnfa uf sereral species, all beautiful

foreot-trees, sttaight-bolcd nnd uinl<rageous shore ; (4> Magnolias.

Ilaay Ipeoiea of Magmoliann (including the genera Magnolia, Mirktlia,

nd Totaamm) are found in Sikkim. Magnolia CampMlii, which
grows at 10,000 feet elevation, is the most superb species known.
" In books on botanical geography," Pr. Hooker remarks, " the mag-
nolias are considered aa moat abounding in North America, east of the

Bocky Motmtains; but this is a great mistake, the Indian mountains

and islauda bt-ing the centre of this natural order." (5) Arborescent

rhododeudruiis, wliich commence here with the /?. arboraim. At 8000
and 9000 feet of altitude a considerable change is found in the vegetation,

the gigantic purple Magnolia CampMlii replacing the white ; chesnut

diaiypean, and several laurels : other kinds of maple are seen, with

JtkadiiiUndnm an/tnteum and Stavntonia, a handsome climber, which
haa beautiful pendant clusters of lilac bloesoms. At 10,000 feet, as

exemplified on the top of the mountain called Tonf^o, a great number
of adiditional species of plants are found, and all betoken a rapid

approach to the alpine region of the Himalaya. In order of prevalence

toe trees are,—the scarlet Rhododendron arAorrHm and R. barbatum, as

large bushy trees, 30 to 40 feet high, both loaded with beautiful

flowers and luxuriant foliage ; R. Patcuntri, in point of foliage the

moat superb of all the Himalayan species, with trunks SO feet high, and
brandies bearing at their euds only leaves 18 inches long. Next to

these are shrubs of lii-immia Laiirtola, Si/mplocot, and Hydrangea, and
Btill a few ]>urj)lc magnolias, very large Pi/rl, like mountain ash, and
the common English yew, 18 feet in circumference. A currant is

common, always growing epiphytically on the trunks of large trees.

Two or three species of Berberry, a dierry, Andromeda, Daphne, and
maple, nearly complete, in Dr. Hooker's opinion, the list of woody
plants. The rarity of Pines is ])erhaps the most curious feature in

the botany of Tonglo, and on the outer ranges of Sikkim ; for, between
the level of 2500 feet, the upper limit of P. longi/Uia, and 10,000 feet,

that of the yew, there is no coniferous tree whatever in Southern
Sikkim. (' Himalayan Journals,' voL i., pp. 162-169.)

In some ports of India the entire destruction of the forests has
rendered the countiy liable to the dreadful calamities which follow a

deficiency of rain. The north-west provinces were denuded of their

trees during the wars that attended the decline and fall of the Moham-
medan empire and the rise and progress of the Jfits, Sikhs, and
Mahrattas. These lawless freebooters swept away all the groves from
the &ce of every dlKtiict they invaded, whilst they never thought of

renewing them, or encouraging their renewal, in thuec countries which
they permanently occupied. Many fertile regions were thus turned into

drmry and arid wastes. For many years past, however, the attention of

the Indian government haa been given to the protection and renewal

of the forests, which are now committed to a special class of officers.

CSeyCnn is also well wooded with Asiatic trees and shrubs : among
the former are the ebony and satin-wood, and of the latter the cinna-

mon is the most remarkable.

The kingdom of Laos, Tonquin, Canilwdia, Siam, and the peninsula

of Malacca, have a nearly similar vegetation. Of the kingdom of

Uochin-China, including Tonquin, Cambodia, and Cochin-China
Proper, it may be said that all parts produce good timber, including,

according to Loureiro, teak. The other vegeUiblo products of the

foreata of Cambodia in particuUr, which are applied to use, are Car-

damoms, Agila or eagle-wood, gamboge, and stick-lac. The Siamese
foreata also produce teak (north of lat. 16°) and eagle-wood, together

with aappon-wood {C<rtalpinia lappan), a kind of red Wood, called by
the resident Portuguese " Pao-roea," or roee-wood ; and a kind of beu-

Eoin, dilTering from that of Sumatra, more abundant, but inferior in

quality ; and two species of cardamomtmi, secmiiigly different from
the AmomuM eardamomupi of Malabar. In variuuB parts of the king-

dom, especially of its southern districts, the tree or trees yielding

guttapercha have hem discovered, and the produce exported. The
peninsuU of Malacca, though luxuriant in vegetation, is on the whole
mferior in products to the ootmtries just noticed. There are many
species of forest-trees, but not one is fit for the higher purposes of ship-

building ; teak does not exist ; and about aix only yield good durable
timber. Sappan and aagle-wood again occur, together wiUi ebony, but
none of them in much abundance or of the bait quality. The most
Taluable and remarkable product is gutta-percha. [Gvtta-Percha.]

Borneo is covered with a rank verdure, or a primeval forest of

gigantic trees ; the cleared and reclaimed spots fonmng but excejitional

speck* in this wild and unvaried landscape. The commercial products
are benzoin, ea^le-wood, camphor, the sago-palm, and rataos.

The Pkilippftne Archipdaoo, embracing about 16* of latitude and
9* of loogituiM,, and those between the Cth and the 21st degree of

hrtitude north of the equator, U nenwirily rich in products of all the
kingdoms of nature. No fewer than 218 forest-trees, chiefly of tlia

mors northern provinces, have been subjected to experiments in the
arsenal of Manilla, and the relative strength, tenacity, and specific

gravity of the tini<3er ascertained for economic uses. In the most
southerly island, )(indano, among many unknown foreat-treea, wo lind

the well-known tenk ( TVcfona i/raarft«), this being, except Java, the only
island of the MaLiy and Philippine archipelagos that is known to pro-

duce it in any considerable abundance ; while Sumbawa la the only
other island of the foi-mer in which it is known to occur at alL The
intermediate islands of Bali and Lombok do not produce it.

Of Octania it is sufficient to say, that all the islands are more or

less abundantly covered with timber ; many produce trees of immense
size and of the finest wood.

" The whole island of JVrts Guinfa" or Papua, says Mr. Crawfurd,
" so &r as it has been seen, is one uniform and luxuriant forest, many
of the trees of which run up to the height of 150 and 180 feet. The
economical use of the timber of these huge trees has not been deter-

mined ; but the forests of New Guinea produce three plants which
have been immemorially in demand by the nations of the Malayan
islands; namely, the true nutmeg (Myritliea motchala), the miasoy,
or masui (Cortfx oniniu), and the pulasari (Alj/xia lUllala). If the
timber should prove to be of good quality it is probable that it may
come to be in demand with the European colonies of Australia, when
these attain a dense population."

Amlraiia, from its great extent, varies greatly in its flora. The
forests in parts are extensive, and the pine, the iron-wood, and
mahogany, make good timber; but of many, such as the various
species of EucUypti, the wood is brittle. Many of the native trees

are, however, useful for building or other constructive purposes.

Neic Zealand abounds in forests. The trees and ferns, indeed, give
the distinguishing feahire to the vegetation. In England, out of

about 1400 species of plants, there are not more than 35 native trees.

In New Zealand, of flowering trees, including shrubs above 20 feet

high, there are upwards of 113, or nearly one-sixth of the flora, besides

156 shrubs and plants with woody stems. Dr. J. D. Hooker thinks

that the a/ni/ercr will prove, eventually, to be the most prevalent

natural fiunily of plants in the islands. The Kauri pine {uammara
a>ielrali») is not found south of Kawia, on the western coast, and the
Bay of Plenty on the eastern. It is confined to the vicinity of the
sea, but prefers sheltered localities. The Kauri forest forms a very deep
deposit of turfy soil, which, being intermingled with much resinous

matter, bums with great facility when dry. The resin of this pine is

an important article of commerce with England, and the United States

of America, The tree attains the height of 200 feet, and yields on
invaluable light compact wood, free from knots, from which the finest

masts for ships are now prepared.

Africa.—In spite of the burning heat of a vertical sun, there
are in Africa spots which, by reason of their elevation or their

proximity to the sea, enjoy a more temperate climate and abun-
dance of moisture. In these places vegetation is rich beyond descrip-

tion. Thus Senegombia, Guinea, and Congo are covered with forests,

which consist of the baobab (of which there are different kinds), of

palms, robinias, sycamores, sandal-wood (red and gray), and tonurinds,
intermixed with bananas, oranges, limes, and pomegranates ; there are

also cocoa-nut trees in great abimdance. Tlie tamarind and cedar,

which grow in the greatest profusion on the borders of the Congo,
furnish timber of the finest quality. Abymnia has abundant woods, in

which grow the smooth-leaved coral-tree (£ryllirina corallodcndron'),

the tanuunnd, the date, some mimosas, and a large timber-tree which
Bruce calls ral: On the coast of Adel there are odoriferous forests,

producing the balm of Juda», myrrh, &c. Egypt, though abounding
in plantations of fruit-trees and dates, has no forests. The Atlas

Mountains, on the contrary, are covered with magnificent forests, and
producing a variety of oaks, the mastic tree, the cypress, &o. In the

interior of the Atlas, the environs of Borgou are said to be covered

with trees, among which are several kinds of sycamore, palms, and the

Mimon nilotiea. The kingdom of Boroou has immense forests, and the

date-palm abounds here. The Cape, celebrated for the beauty of its

vegetation, was generally thought to be deficient in forest-timber, but
it has been discovered that to the eastward there are forests of the

finest oak of the Albanian kind, celebrated for its quality and dura-

bility. These forests also pro<luce iron-wood, the aago-polm, Ac. ; as

yet, however, they have been but imperfectly examined. Of the

African isUnds, Madagatear is rich in timber, and a variety of woods
useful in the arts. 'The same may be said of the islands on the west
coast ; they are generally well wooded.

In a general survey of the globe, we may look upon the New World
as preeminently the land of forests (as will appear when we come to

treat of the forest of the Amazon), contrasting strongly with the Old
World, where Bts|>pes and deserts are the most characteristic features.

This tact is probably related to a great dement in the chronology o(

physical geography,—the comparative youth of America (thus new as

a port of nature as well as to knowledge) in the present geological

period of the eirth. The oldest sedimentary formations, the Silurian,

Cambrian (and perhaps the mors recently recognised Laurentian),

strata, appear to be universal ; but the periods when they constituted

the surface of the land, with their clothing of ^vegetation and popula-
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tion of animaU, belong to the most remote physical antiquity. As
land of the present period, with its appropriate organic beings of both
kingdoms, o£ the present period also, including man himself, the
great continent of Europe, Asia, and Africa, would appear to be the
oldest ; America, as a country of the present period, seems^ to have
been produced and peopled next ; while Australia, together with the
eastern portion of the Indian Archipelago (which, as very recently

shown by an accomplished traveller and naturalist, Mr. Alfred K.
Wallace, belongs to the same natural region), forms a still newer world.
The differences with respect to the association of plants which pro-

duces what we term forests, and to vegetation in general, between
Australia proper and America, are no doubt dependent principally ou
the pecuUarities of climate of the former, which have already been
noticed in the article Deserts.

Amtrica, accordingly, is, of all parts of the world, the most thickly

covered with wood. Beginning with the north, we find the Russian
territory on the north-west coast abundantly stocked with fine timber

:

pines 300 feet high and 4.5 feet in circumference, Canadian poplar,

alders 40 feet high below the branches, birch, yew, black and common
oak, American ash, sycamore, sugar maple, cypresses 24 feet in circum-
ference, and willows. The islands on this coast have also magnificent

forests of pine and other lofty trees.

In New Britain the forests are extensive, but they present little

variety, and in some parts, to the northward particularly, the larches

and birches are 8tunte<l in their growth. The environs of Lake Winni-
peg are covered with the trees common to Canada.

In liremland there are only a few stunted willows and birches; and
Labrador has merely some pines and pinasters in the valleys.

C'aoada contains immense forests. Pines and evergreens are the
most abundant, after which come the red and the sugar maple, the

birch, the lime, the American elm and iron-wood, the yew, the com-
mon and mountain-ash ; also a great variety of oaks, different from
the European species, which do not thrive here.

New Brantmck has large forests of fine timber, particularly pine,

which it exports.

A'oro Scotia produces good ook ; but the principal wood is pine, fir,

and birch.

The island of Cape Breton furnishes immense oaks and magnificent

masts. Newfoundland, and the other islands at the mouth of the St.

Lawrence, also produce timber fit for naval and other constructions.

The Vnited Statet are abundantly woode<l, the cleared land even in

some of the Atlantic states being inconsiderable when compared with
that still covered with the primitive forests, which contain an immense
variety of trees. There are about forty different kinds of oak, fourteen

of pine, besides cedar, cypress, and larch ; several maples, among which
is that from which sugar is obtained, birch, ash, beech, iron-wood,

hornbeam, hickory, wild cherry, and apple, mulberry, poplar, willow,

magnolias, elm, chesnut, &c. Of all the states, Ohio perhaps contains

the finest forest-trees. The woods of Florida present a mixed vege-

tation, exhibiting the productions of both the north and the south.

Thus there is red and white pine, evergreen oaks, chesnut, mahogany,
walnut, cherry, maple, logwooid. Brazil-wood, and sassafras. There are

also in Florida whole forests of red and white mulberry, the finest in

America. All European fruits also grow here, and the oranges are finer

than in Portugal. In California the pine attains an enormous growth,
and the timber has been found to be of excellent quality. The Oregon
territory and British Columbia are both well wooded.

In Mexico or New Spain there are abundant forests, differing in

character according to their position on the heights or in the plains.

In -Texas there are great plains covered with -palms, while the heights

are clothed with the timber-trees of LouisLina. The mountains in the

neighbourhood of Uuanaxuat.i and Valladolid are covered with forests,

and the Intendance of Mexico abounds in cedar and other large trees.

Yucatan is famous for its logwood and mahogany ; the latter is also

produced in great abundance round the Bay of Uoiidurat.

Nieurayua has groves of palms which attain an immen.se magnitude

;

and in Cutta Rica and Varaguay there is fine forest-timber.

The Weal India Itlandi generally abound in wood, though there are

exceptions.

In South America the Caraccas possess inexhaustible forests, which,
beiidea the finest timber, produce also a great variety of beautiful
woods for cabinet-work, dye-woods, drugs used in the jjts, and medi-
cinal plants, as the sarsaparilla, bark, &c.

In New Grenada the plateau of Bogota, Popayan, and Pasto have
fine forests. The neighbourhood of Ouayaquil, besides the common
tirnVxT of the country, possesses a wood remarkable for strength and
solidity, which is said to be incorruptible, and to resist worms better
than any other

;
qualities which render it invaluable for the keels and

ribs oj. vessels.

Peru, is rich in forests, which furnish timber, gams, resins, dye- and
cabinet-woods, all of the finest quality.

Chile possesses forests of gigintic trees, many of incorruptible wood,
and others useful for their gums, resins, 4c. Pines and cedars are
abundant. The whole chain of the Andes abounds in wood, varying
in kind according to height, latitude, and aspect. The vigour of the
vegetation in some ports is inconceivable : thus in Chile trees have been
found so large, that an entire church, 80 feet long, with all its wooden
appurtenances of doors, windows, &c.,has been built of a single tree.

The Magellanic Lands, on the west or mountainous part, contain
forests.

Paraguay is rich in wood, on the borders of the Upper TJraguay
;

and, among other trees, produces in abundance that from which the
resin termed dragon's-blood is obtained.

Brazil contains extensive forests, which cover immense tracts, and
are composed of palms, Brazilian cocoa, loftier than the Indian, together
with an endless variety of other trees peculiar to the country : some of
these are of extraordinary size. The Brazilian pine furnishes very fine
masts : this country exports a large quantity of timber, and suppUes
all the Portuguese shipping. Brazil also produces the dye-wood
which bears its name.

Ouiana has extensive forests in its higher parts ; but the wood of
many of the trees is so soft as to be only good to burn, and that of
others is too hard to be worked. It produces many dye-woods.
The forest-region of the river Amazon and of the upper Orinoco

according to Humboldt, covers an area of about 719,000 square miles.
'

The entire extent of the valley of the Amazon, with the exception
of some very small portions, is covered with one dense and lofty
primeval forest, the most extensive and unbroken which exists upon
the earth. It is the great featiu-e of the country,—that which at once
stamps it as a unique and peculiar region. Here we may travel for
weeks and months inland, in any direction, and find scarcely an acre of
ground unoccupied by trees. It is far up in the interior where the
great mass of this mighty forest is found; not ou the lower part of
the river, near the coast, as is generally supposed. A line from the
mouth of the river Parraiba, in long. 41" 30' W., drawn due west
towards Guayaquil, will cut the boundary of the great forest in long.
78° 30', and, for the whole distance of about 26U0 miles, will have
passed through the centre of it, dividing it into two nearly equal
portions. For the first 1000 miles, or as far as long. 56° W., the
width of the forest from north to south is about 400 miles ; it then
stretches out both to the north and south, so that in long. 67" W. it
extends from 7° N., on the banks of the Orinoco, to 18° S , on the
northern slope of the Andes of Bolivia, a distance of more than 1700
miles. From a pumt about 60 miles south-east of Tabatinga, a circle
may be drawn of 1100 miles in diameter; the whole area of which
will be virgin forest.

" The forests of no other part of the world," observes Mr. A. R.
Wallace, from the scientific additions to whose ' Travels on the Amazon
and Rio Negro' we derive these corrected particulars of the forest-
region of the Amazon, " are so extensive and unbroken as this. Those
of Central Europe are trifling in comparison ; nor in India are they
very continuous or extensive : while the rest of Asia seems to be a
country of thinly-wooded plains, and steppes, and deserts. Africa
contains some large forests, situated on the east and west coasts, and
in the interior south of the equator ; but the whole of them would
bear but a small proportion to that of the Amazon. In North
America alone is there anything approaching to it, where the whole
country east of the Mississippi and about the great lakes, is or has
been an almost uninterrupted extent of woodland."
The forests of the Amazon are distinguished from those of most

countries by the great variety of species of trees composing them.
Instead of extensive tracts covered with pines, or oaks, or beeches, we
scarcely ever see two individuals of the same species together, except
in certain cases, principally among the palms. A great extent of flooded
land about the mouth of the Amazon is covered with the Miriti Palms
(Maurititia flexuma and M. vinifera), and in many places the Assai
( Euterpe ediilis) is almost equally abundant. Generally, however, the
same species of tree is repeated only at distant intervals. On a road
for ten miles through the forest near Pani, there are only two
specimens 'of the Masseranddba, or Cow-tree, and all through the
adjoining district they are equally scarce. The Lerjuminosce are by far
the most abundant species among the forest-trees of the Amazon.
The following list of the principal vegetable productions of the

Amazon forests is given by Mr. Wallace :
—" India-rubber, from the

sap of the Siphonia elastica ; Brazil-nuts, the seeds of the BertUoUetia
erceUa ; SalsaparUha, the roots of Smila.c syphilitica; Tonquin- beans
the seeds of Dipteryx odorata ; I'uxiri, the fruit of Nectamlrum
puchury ; Sassafras oil, tree not known ; Andiroba oil, from the fruit
of an imknown tree ; Crajuru, a red colour prepared from the leaves
of Bignonia chica ; Pitch—exudes from a forest tree; Cacao, the
seeds of Theobroma cacao and other species ; Cravo, from an unknown
tree ; Canella, the bark of Canella alia ; Vanilla, the fruits of various
species of Vanilla; Guaram^l, a preijaration from a fruit, grated m
water, to form an agreeable and medicinal drink ; Piassdba, the fibres

from the petioles of a palm, Leopotdinia, n.s.; Balsam Capici, from
the Copaifera officinalit ; Silk-cotton, from various species of Bombax."
From the above rapid sketch of the forest-lands of the globe, it

appears that they still cover a great portion of its surface, nor can it

be doubted that the immense tracts of wood we have enumerated exer-

cise a very powerful influence on the physical economy of the> i- th
This influence is both direct and indirect. The direct influence of

forests is the diminution of temperature, effected, according to Hum-
boldt,—" 1, By screening the soil from the heat of the sun's direct rays;

2, by the pfnvertul evaporation of moisture from the leaves ; and 3,

by the immense surface which these same leaves ofl'er to the cooling

process of radiation,"
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The indirect iuflucnoe is the pi eteiotiou of Uukt due circulation of

moietiirB by wliich the fertiliiiiig riren of Uie eartliV nurfacu are

ttaruAad with « perennial lupply of wmter. Such, indeed, in the

importanoe of foreita in thia renpect, that if it were possible to annihi-

late at once all the foraats that now exist, the earth wotild no longer be

habitable. The nina which fall in the inutintaiu>>, no loof^ arrested

by the trunks and roota of the trees, would n»t have time to percobte

through the soil and fissures of the rooks to supply the reservoirs of

springs, but would pour down in devastating torrents, leaving the

watcroounea dry as soon as the rain had ceased. This, in a limited

degree, haa been already experienced in places where the heights Imve

baoi partially denuded of their forevts ; and its efTect on the rivers in

saaw parts of the United Stat«8, where the portion of cleared land is

oonsidarable, is distinctly observed. Nor would this be all : lakes, for

vant of supply, would soon be dried up ; and as no w^atere but those of

the ocean would then exist, the atmosphere would then be deficient in

moisture ; no vegetation could exist, and the animal world would iierish

of thirat, htmger, and beat. Forests, then, are of primary importance in

the economy of the globe, independent of their utility in a thousand

arts which are neoeasary now to our comfort. This consideration has

at length awakened governments to the necessity of protecting foresbi

from n'anton spoliation by codes enacted for the purpose, and of

forming schools in which all that is necessary to be known for the

management of forests, so as to maintain a constant supply of timber

and fuel, shall be regularly taught [Forest Scienxe.]

FOREST LAWS. In this countiy even in the time of the Saxons
the crown lands consisted in part of forests, or tracts more or less

covered with wood, in which the king was accustomed to take the

diversion of hunting, and from himting in which all other jiersons

were prohibited. This distinctly appears from the laws of Canute.

But the prohibition against hunting in the royal forests was merely a_

protection thrown around the property of the crown of the same kind

with that afibrded to all other landed estates, in regard to which, uni-

versally, the law was, that every proprietor might hunt in his own
woods or fields, but that no other person might do so without his

leave. On the estabUsbment, however, of the Norman government
the property of all animals of chase throughout the kingdom was held

to be vested in the crown, and no person without the express licence

of the crown was allowed to hunt even upon his own estate. This
however, is rather a conjecture deduced from the supposed principles

of feudalism, than a well-e8tablislie<l fact. There arc no laws respecting

the forests among those attributed to the Conqueror; but after the

conquest the forests were guarded with greater strictness ; their

number was extended and their bounds enlarged ; trespasses were
punished with greater severity ; and, finally, a system of laws and of

courts for their administration was established, by which nut only all

ofTences touching the royal forests were tried, but all persons living

upon these properties governed. This is the system properly called

the forest laws. Of this in its original integrity we have no complete

or authoritative record : our knowledge is derived from ineidental

notices of the chroniclers ; the energetic language of complaint and
condemnation in which it is spoken of ; the legislative enactments for

ta reform which have been preserved ; and the remnants of it which
survived to a comparatively recent period.

The Conqueror is said to have possessed 68 forests, IS chases, and
781 parks. Forests and chases diner from parks in not being inclosed

by walla or palings, but only encompassed by metes and bounds ; and
a chaie differs from a forest, both in being of much smaller extent (so

that there are some chases within forests) and in being capable of

being held by a subject, whereas a forest can only be in the bands of

the crown. The material distinction was, that forests alone were
Bobject to the forest laws. Every forest however was also a chase.

A forest is defined by Manwood, the great authority on the forest

laws, as being " a certain territory or circuit of woody grounds and
pastures, known in its bounds, and privileged, for the peaceable being

and abiding of wild beasts, and fowls of forest, chase, and warren, to

be under the king's protection for his princely delight ; replenished

with beasts of venery or chase, and great coverts of vert for succour of

the said beasts ; for praiervation whereof there are particular laws,

privik^gea, and officer* belonging thereunto." The beasts of ]>ark or

ehaae, according to Coke, arc projierly the buck, the doc, the fox, the

marten, and the roe ; but the term in a wider sense comprehends all

the beasts of the forest. Beasts of warren are such as hares, conies,

and roea ; fowls of warren, such as the partridge, quail, rail, pheasant,

woodcock, mallard, heron, &o. He afterwards however quotes a
decision of the juatiees and the king's council that roes are not beasts

of the forest, because they put to flight other wild beasts (eo quod
fugant alias feras), which seems an <Kld reason; porha|M the word
should bo " fugiunt" (because they fly from other wild beasts). And
be adds, " beasts of forests be properly hart, hind, buck, hare, boar,

and wolf ; but legally all wild beasts of venery." (' Co. Litt., sec. 887.)

For the antiquity of the royal forests in England, " the best and
rarest argument," says Coke, elsewhere (4 ' Inst.' 819), " is, that the
forasta in England, being sixty-nine in number, except the New
Foraat, in Hainpxliirc, erected hy William the Conqueror, and Hampton
Court Forest, by Uenry VIII., and by authority of parliament, are so

ancient, as no record or history doth make any mention of their

history or beginning." Tet it appetn, both from tlie great charter of

John, and from a previous charter granted by Stephen, that some lauds
had been aflorested (as the term was) after the time of the first two
Norman kings. " The forests," saya Stephen, " which King William
my grandfather, and William IL my uncle, made and held, I reserve
to mysslf ; all the others which King Uenry superadded I render up
and concede in quiet to the churches and the kingdom." And one of
the oonoeaaiona demanded from John and granted in Magna Chart*
(§ 47) was, that all the lands which bad been afforested in his time
should be immediately deafforested. No additional forests appear to
have been made from the reign of John till that of Hampton Court
was constituted by act of |>arliament in 1539 (81 Hen. VIII. o. 6).

The name given to it in the statute is Hampton Court Chase ; but it is

enacted that all offenders in it shall incur such penalties as the like

offenders do in any other forest or chase. It was therefore made a
forest as well as a chase.

Many historians tell us that King John granted a charter of foreate
at the same time with Magna Charta. This is indeed distinctly

asserted by Matthew Paris, who even professes to give the charter at
full length. But the statement is entirely unfounded ; the concessions
obtained from John in regard to the royal forests are, aa mentioned
above, contained in the Great Charter ; the Carta de Foresta, which
M. Paris quotes, is a charter granted by Henry III. in the 9th year of
his reign (a.d. 1224). This was the mat separate charter of forests.

It is commonly printed in the statutes from the Inspcximus, or con-
firmation of it, in the 28th of EUlward I. (a. d. 1299). The subsequent
legislation upon this subject is principally to be found in the following
statutes :— The Customs and Assize of the Forest, or the Articles of
Attachments of the Forests (of which the date is not knon-n) ; the
Ordinatio Forestas of the 33 E<lw. I. (1305) ; the Ordiniitio Forestie of
the 34 Edw. I. (1306) ; the 1 Edw. III. c. 8 (1327) ; and the 7 Kic. IL
c. 3 (1383).

One of the chief things insisted upon in the early national demand
for the reform of the forest laws, was the mitigation of their severe
code of punishments. The Conqueror, who, as Uie ' Saxon Chronicle

'

says, loved the red deer as if he bad been their father, is affirmed to
have visited the slaughter of one of these animals with a heavier
penalty than the murder of a human being. And it would appear
from the charter of Henry III. that the offence had previously been
punishable not only with mutilation, but with death. " No man from
henceforth," says the charter, " shall lose either life or memtier for
killing of our deer ; but if any man be taken and convict for taking of
our venison, he shall make a grievous fine, if he have anything whereof

;

and if he have nothing to lose, he shall be imprisoned a year and a day
and after the year and a day expired, if he can find sufficient siiretiee,

he shall be delivered ; and if not, he shall abjure the realm of
England." According to Matthew Paris (whoso authority, however,
on such a matter, is not worth much), Richard I. had already repealed
the penalties of mutilation for offences against the forest lawft
The forest laws, as already mentioned, w^erc administered by their

o«-n officers and courts. The officers were the justices in eyre of the
forest [Eyre]; the wardens or warders; the verderers, foresters,
agisteis, regarders, keepers, bailiffs, besdles, &c. The coiu^ were :

—

1. The Court of Woodmote, or of Attachments, sometimes called the
Forty Days' Court, held once in every forty days before the verderers

;

2. The Court of Swainmote, held three times in the year before the
verderers as judges, and with a jury composed of the mmint, or free-
holders within the forest ; and 8. The cfourt of Justice-seat, which
was the supreme court, held every third year before the chief justice
in eyre of the forest This was a court of record, and, at least in later
times, it was held that a writ of error lay from it to the Court of King's
Bench. With the exception, however, of one said by Roger North in
his life of Lord Keeper North to have been held proforma soon after
the Restoration, no court of justice-seat has been held since 1632. A
minute survey of the forest was also taken every third year by its

twelve regarders ; and it was ujion this occasion, and under the in-

spection of the regarders, that the Uwing or expeditation of all the
mastifs in the forest took place, which consisted in cutting off the
claws and ball (or pelote) of their forefeet, to prevent them from
running after the deer.

The four principal forests in England were accounted to be,
the New Forest, Sherwood, Dean, and Windsor. Among the others
were Epping, in Essex ; Dartmoor, in Devonshire ; Wichwood, in
Oxfordshire ; Salccy, WTiittlebury, and Rockingham, in Northampton-
shire ; Waltham, in Lincolnshire ; Richmond, in Yorkshire, &c.
The vexatious and oppressive powers vested in the crown by the

forest laws, after having to a great extent long ceased to be exercised,
were revived by Charles I., and endeavoured to be turned to account
in repleninhing his exchequer. At the court of justice-seat, held in
1632, before the Earl of Holland as chief justice in eyre south of the
Trent, large sums of money were extorted from many praons, chiefly
as compositions for alleged encroachments on the ancient boundaries
of the forests, although after a quiet possession of three or four
centuries. This accordingly was one of the grievances to which the
Long Parliament directed ita earliest attention. One of the Acts v. hich
that assembly )>assed in its first session (16 Car. I. c. 16), was entitled
' An Act for the Certainty of Forests, and of tlie Meets, Meers, Limits,
and Bounds of the Forests,' and it enacted that the bounds of every
forest shall be those commonly known, reputed, used, or taken to be
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its bounds ; and that all judgments, &c., to the contrary shall be void
;

that no place where no justice-seat or other forest court had been held

within sixty years should be accounted forest ; and that commissions

should be issued for ascertaining the bounds of forests as they stood

in the 20th year of the preceding reign, anijrbeyond which they should

not thenceforth be extended. Since the passing of this Act, the old

forest laws may be considered as having been practically abolished, and
the offices connected with their administration and execution turned

into little better than sinecures.

The Carta Forestae of Henry III. contains the following curious pro-

vision :
—" Whateoever archbishop, bishop, earl, or baron, coming to

us at our commandment, passeth by our forest, it shall be lawful for

him to take and kUl one or two of our deer, by view of our forester, if

he be present ; or else he shall cause one to blow an horn for him, that

he seem not to steal our deer ; and likewise they shall do returning

from us as it is aforesaid." As this law is still unrepealed, any bishop

or nobleman may shoot one or two of the deer if he should pass

through any of the royal forests in going to or returning from parlia-

ment. Hunting, it may be observed, was formerly so common or

universal an episcopal amusement, that the crown is still entitled, at

the death of every bishop, to have his keimel of hoimds, or a com-
position in lieu thereof. Auckland Park, and certain other demesnes,

formerly held of the Bishop of Durham by forest services ;
" par-

ticularly," says Camden, " upon his great huntings, the tenants in

these {Kirta were bound to set up for him a field-house, or tabernacle,

with a chapel, and manners of rooms and offices ; as also to furnish

him with dogs and horses, and to carry his provision, and to attend

him during his stay for the supply of all conveniences. But now all

services of this kind are either let fall by disuse, or changed into

pecuniary payments." [Game Laws ; Woods and Forests.]

FOREST SCIENCE, constitutes a separate and distinct branch of

education, which orignated in Germany from the increased scarcity of

wood. The first special instruction of this kind was given by Mr.

Zanthier at Ilsenburg, near the Harz forest, and its importance being

immediately appreciated, forest academies soon multiplied, particularly

in the central ports of the countrj'. Prussia directed particular atten-

tion to the sjibject, and the late king Frederick, on coming to the

throne, ordered that, " in future, situations in the forest department
should be conferred with a view to the most perfect preservation of

the forests ; that the nominations should be founded on knowledge and
experience, and no longer granted as a recompense for service." In

consequence a new organisation took place, and competent instruction

in all things appertaining to the management of forests became a

necessary qualification for an appointment to any post in the forest

department.
In the forest academies are taught botany generally, and particularly

as regards the ordinary productions of the forest, including vegetable

physiology, mineralogy, zoology, chemistry, surveying, mensuration,

mechanics, the methods of resisting the encroachments of sands, drain-

ing and embanking, together with the care and chase of game ; as also

the laws and regulations of forest administration. The examination

which the candidates undergo is very strict, and the result of the

system has been eminently beneficial.

France has also a particular administration of the forests, and a very

detailed code of forest laws. Russia, from the immense extent of its

forests, LB under little apprehension of a scarcity of wood, nevertheless

the consumption of this article is so enormous, all the bouses of the

peasantry being built of it, and no other fuel being used, that it has

been deemed advisable to pay some attention to the subject, and a

board has been formed under the particuLtr sanction of the government

for the better preservation of the forests and more general instruction

in forest science.

Louis XIV., by an ordonnance of 1669, placed the forests under the

direction of a separate branch of the government. Men of science

then began to turn their attention to this subject. Du Hamel du
Monceau and Bufibn were among the first naturalists who wrote on the

management of forest trees.

The consideration of the various trees which may be cultivated to

advantage, and the uses to which their woods may be put, with the

mode of their propagation in various soils, form a branch of forest

science.

The following is a list of the principal forest trees :

—

The cjak Querou), and its varieties, the beech ( Fagvt tyhcUica), the
hornbeam {Carpinut bttulua), the birch (Betula alba), the elm ( Ulmm),
the maple (Acer campatn), the alder (Betula alnui), the ash (Praxinus
exceUior), the lime (Tilia iylet»tri»), the chestnut {Fagut eattanea), the

walnut (Juylam regia), the crab {Pyrut malm), the wild cherry
(Prunia avium), the mountain service {Sorbut a^cuparia), the service

{Sorbut domeetica), the aspin {PopuU$ tremula), the white poplar (Popu-
lut alba), the common poplar (Populut nigra), the Lombardy poplar
(Popvdnt fattiyiata), the sycamore (Acer pteudo-platanut), the plane
(Acer platanotdet), the hazel (Vorylu* mjhtttris), the sallow (tialijc

capraa), the osier (Salix viminali»), the pine (Piniu tylrcitri»), the
silver fir (P«BiMpi«a), the larch (Larix Earnpea). The wood of all

those trees is divided into three sorts : hard wood, white wood, resi-

noiu wood. The German writers admit only two sorts of trees, the
deciduous and evergreen, but thia is more a botanical division than one
applicable to foreat-trees.

AKTS A5D SCT. DIT. TOt. IV.

The uses to which the wood is applied vary very much, according to
circumstances and situations. The most profitable is that of timber
for buildings, and more particularly for naval architecture. The oak,
beech, elm, and fir, are the chief woods employed for this purpose; but
the chesnut was at one time considered as equal to the oak, as the
roofs and beams of many old buildings testify ; Windsor castle among
the rest. For millwrights the ash, beech, service tree, walnut, and
crab, are most useful. For various utensils for the dairy and domestic
use, the sycamore, the lime, and the poplar, are used on account of the
whiteness of their wood. Various soft woods are used for turning, as
well as the hardest, when they have a close grain and are not apt
to split.

When wood cannot be applied to building or domestic uses it is still

very valuable as fuel, and in this point of view it is important in those
countries where pit coal is not abundant. The best wood for fuel is

oak, and next to this beech. The harder the wood, in general, the
more heat it gives out in burning. The trunks of large trees, sawn
into convenient lengths and then split into billets, make the best fuel

;

but where wood is scarce it is found most profitable to cut down the
trees at the age of 30 or 40 years at most, when they have acquired a
considerable height of stem but no great girth. In the woods which
are planted for this purpose in France and Germany the trees are
drawn up by being left close together, and the side branches are kept
cut to the height of 30 or 40 feet, so that they only spread out at top,

and the trunk never acquires the size which it would if the tree stood
singly, and had room to spread out its branches.

In order to judge of the value of woods in different soils the follow-

ing table may be useful. It is calculated on the supposition that the
ground is covered with trees as much as it will bear.

The cord here alluded to is 5 feet 6 inches in height, 8 feet long and
3 feet 6 inches wide, French measure, that is very nearly 6 feet high
8 feet 8 inches long, and 3 feet 10 inches wide, or 200 cubic feet

English measure.
In the following table the tops made into charcoal and the faggots

are reduced to cords in the proportion of four and a half cords of
oharcoal-wood and 550 faggots for one cord of fire-wood.

Pbodhce of Fibe-wood per Acre, at different Ages, in Cords.

Age or Treed. On Poor Middling
Years. Soils. Soils. Good Soils

10 2 84 44
15 2i 5 9
20 3i 9 15
25 5i 13 21
30 64 16 27
35 7 21 • 35
40 7 244 42
50 6 31 56
60 5 374 70
70 3 414 80
80 2 46 90
90 1 484 96
100 51 102
120 57 114
140 62 124
150 64 128
200 67 135
250 60 120

300 55 110

This table is the result o^ careful measurement of woods cut down
at different ages; and it shows that the maximum in poor soils is

attained in 35 years, in middling and good soils at 200. But it also

shows that the increase of wood per cent, in ten years is gi-eatest from

20 to 30 in poor soils, from 40 to 50 in middling soils, and from 70 to

80 in good soils : so that it never can be profitable to allow any wood
which is to be used for fuel to stand above 80 years.

In good soils at thirty-five years growth the wood in the tree has

increased one cord per acre each year ; and the rate of growth increases

till the nineteenth year, after which it begins to diminish. But it

must also be taken into the account that wood of the age of 70, 80,

and 90 years is of far greater specific gravity than that of 25 or 30 ;

and consequently the increase in bulk in ten years, from 80 to 90,

produces more fuel than the mere measure indicates. On good soils

oaks and beech will continue to increase for 200 years ; but in poor

soils they do not thrive after thirty-five years, and then they begin to

waste.

Preparatory to making a plantation of any extent it is necessary to

establish a nursery to raise plants ; for although trees which are raised

from seed and have never been moved become much larger and finer

than those which are transplanted, it will be found on calculation

that a quick return is much more profitable ; and as a matter of

economy trees which have been raised in a nursery and transplanted

arrive sooner at a certain growth than those which are sown on the

spot where they are to remain.

The ground chosen for a nursery should not have a better soil than

that in which the plants are finally to be placed, because, in that case,

they would most likely suffer, if not perish altogether. The surface
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Ttmj bt •nrintf^ by wme manur* to make tlM (Md Tagatsto. If it u
mall, it majr ba aown in driUa, and tha aoorna and larger aaada may
b« dibbled raguUriy aa baana ara in a gardao. The pxtund baing kept
very froc from weada by hoaing, tha pUota will riaa ragularly, and
hey uuy be thinned out aftor this &nt year ; thoaa whim ara taken

out may ba traoulanted after cutting off tha tap-root, is another apot

in the nuraary. When the tree* are three or four yaara old, and have
clean and atraig^t atema, tha aide brancbea haring baan carefully

pruned cS, they may be trannilanted where they ara to remain. The
ground ahonld be trenched and well drained if It ia wet It ia uaaful

in northern climataa to plant hardy erargreons, luch aa the Sootob fir,

amongat foroat treca, to aerve aa Bhelti<r t<> tlicm while they we tender.

Theae are called nuraai, and are generally cut out, u the oaka, a«h,

beech, and other more valuable traea grow up. If tha ground ia dry
it ia only naceaauy to dig a hole eighteen inohee deep and a yard in

diameter, for each tree ; tlua ia to be half fillad up with the looae

earth taken out ; the young tree ia then to l>e placed on tbia surface

and ita roots apread out, the t^root being cut off. The beat earth ia

than carefully apread over the roota and trad in with the feet, and the

whole filled up to the level of tha ground. In wet situations the treea

•re aomatimaa placed nearly on the aur&oe of the ground, and a ama}!
mound of earth ia raised round the stem ; but it ia much better to

drain the land properly, without which the plantations will never
thrive. The proper distance to plant oaka is ten feet apart each way
with a fir-tree between every two. In five yeaia half of the firs may
be cut out, and the oaka pruned where it ia neoeaaary. In fifteen

yeara all the firs will be cut out and the oaks will be able to protect

one another. In twenty-five years from transplanting, half of the trees

may be cut down, and the remainder thinned out gradually as they
qinad and advance in growth.
In England, where crooked pieces of large oaks ore of value in ship-

building, the aide branchoa are not taken off higher than fifteen or
twenty feet from the groimd ; and where trees have plenty of room, as

in hedge-rows or parks, this may be judicious, but in close plantations

it is of advantage to have n long stem without branches. Knee-timber,
aa it is termed, ia however now much leas in demand than formerly, on
accoimt of the method adopted of artificially bending straight timber
for pnrpoaea of naval construction. In France and Qermany the
branchee are always cut off to the height of thirty or forty feet.

This is done gradually as the tree grows. When the branch is very
young it may be cut close to the tree, and the bark will soon cover
the wood and obliterate the scar. When they arc larger, it is best to

shorten them to a few inches from the stem the first year, and cut
them close the next : when a branch is cut close in a young tree no
portion of it must project beyond the wood of the stem, .and if a

portion of the bark of the latter is cut to make all smooth, it will

be no detriment, and the woimd -n-ill soon heal over provided it is

done at the proper time. But if a large branch is cut so that the

bark cannot grow over the wound in one ye.-u-, there is great d'mger
of causing a fault in the wood by the decay of the heart of the
branch ; in that case it is better to cut it at some distance from the

trunk, and to shorten it repeatedly till the branch dies naturally and
breaks oB. In that case no flaw will he found in the wood. Tliis is

the operation of nature in a close wood, which wo should endeavour to

imitate.

FORESTALLINO was, like engrossing, an offence at common law
against trade. It is described in 5 £ 6 Edw. VI. c. H, to be the
buying or contracting for any mercliandisc or victual coming in the

way to market ; or dissuading persons from bringing their goods or

provisions there, or persiutding them to enhance the price when there,

any of which practices were supposed to make the market dearer

to the fair trader. The prohibition seems to have been derived from
tha Roman law, which imposed a penalty of twenty pieces of gold in

such caaea. (' Dig.' 48, tit. 12. 2.)

The true principles of trade being now better undentood, fore-

atalling ia no longer an offence.

FORFEITURE, the punishment by loaa of lands, estates, rights,

offices, or personal effects, annexed by law to certain crimes, and also

to certain illegal acta or negligence in the holder of lands or offices.

In criminal caaee forfeiture is threefold :—1 . Of real estates abso-

lutely, aa for high treaaon ; if freehold, to the king; if copyhold, to

the loixl. 2. Of the profits of the real estate, if freeb<dd, to the crown
during the life of the offender, and a year and a day afterwarda, in tha
eaae of prtty treaaon or murder [FELONTJ,after which the land techeata

to the lord [EaoHKAT] ; if it is copyhold, it is at once forfeited to the

lord. 8. Of gooda and chattels, in felonies of all aorta. Some other

caaee of forfeiture of land or goods, or both, are eatablished by different

tatatea, as the statutes of premunire, Ac.
Lands are forfeited upon attainder, and not before [ATTAnntER]

;

gooda and chattels, upon conviction. The forfeiture of lands has
ralatioa to the time of the offence committed ; the forfeitiue of gooda
and ohattela haa not, and those only are forfeited which the oSiender

haa at the time of his conviction. A 6oit4 fide alienation of bis gooda
and chattela made by n felon or traitor between the cemmisaion of the
offgooe and bis conviction is therefore valid.

The statute 15 t 16 Vict. o. 8, contains directions for keeping
aooonnta, and for investment and disposition of forfeited property
recurring to the queen by virtue of her prerogative.

Forfeiture in civil oaaaa takea place where a tenant of a limited, or,

aa it ia called, a particular estate, granta a larger estate tlian hia own,
aa where a tenant for Ufa aaaumaa to convey the fee-simple. So, if a
copyholder commits waste, or refuses to do suit of court, or a Inaann

impugns the title of his leaser ; for in all theae oaaos there is a re-

nunciation of the connection and dependence, which oonatitute the
tenure, and which are an implied condition "'"»tTd to every limited
eatata.

Forfeiture'may also be the conaequcnoe of the breaoh of eqireaa con-
ditions or oovenanta between landlord and tenant, or paraons connected
in tenure ; but in caaes of forfeiture where oompenaation can be made
for the breach of the condition, a court of equity will compel the party
entitled to the forfeiture to accept compenaation. The right to take
advantage of a forfeiture may alao be waived by any act of the person
entitled which recognises the continuance of the title in the particular

tenancy,—as, for instance, the receipt of rent by a landlord in respect
of a time subsequent to the act by which the forfeiture is incurred.

l.And8 may also be forfeited by alienation contrary tii law, aa by
alienation in mortmain without licence, or to an alien : in the former
instance, if the immediate lord of the fee, or the lord paramount, neg-
lect to enter, the crown may ; and in the latter, though the conveyance
is effectual, yet as an alien cannot bold lands the crown may enter,
upon office found. [OrricE Fodnd.]

Offloea are forfeit<Kl by the neglect or misbehaviour of the holdera

;

and the right to the next presentation to eccleaiastical beneficee ia

forfeited by simony and by lapse. Simony is the corrupt preeentation
of any one to an eocleaiaatical benefice for money, ^ft, or reward.
Lapse is where the patron neglects to present to a benefice within lis

months after it has become vacant, in which case the right to present
accrues to the ordinary ; by neglect of Uie ordinary for the same space
of time, to the metropolitan ; wd by the like neglect of the metropo-
litan, to the crown. [Beskfioe.]
FORGE ; FORQINQ HACBINE. Many improvemenU have been

introduced in recent years in the apparatus for forging or hammering
heated iron. We do not advert here to the marvellous powers of
Nasmyth's steam hammer [Hamher], but to contri\-ance8 of a smaller
and mora generally applicable kind. As is well known, a common
smith's forge consists chiefly of a hearth on which the burning fuel is

placed, bellows for exciting the intensity of the heat, anvils on which
to reat the heated metal while being forged, and bamraera and swagea
to bring the metal into form. An ancborsmith's forge is somewhat
similar, but on a larger scale. The recently-invented forges, however,
are all intended to effect something more than can be accomplished by
the ordinary forge, either in quantity or in kind. We will adduce a
few instances.

Kichards's forging machine accomplishes all the operations of heat-

ing, holding, carrying forward, turning, and hammering the piece of

heated metal which ia under process. The face of the hammer haa a
peculiar curved movement, to draw the piece of metal .orward; and
the swages or shaping dies, carried on the lower side of he hammer,
have such forms and positions that the heated metal, placed between
them and the anvil, is made to assume a ahi^ successively nearer and
nearer to that which is desired.

Chaplin's forge is compact and portable, and gives out an intense
heat. An upright iron frame contains the blowing apparatus. A
sheet-iron tray is mounted on wheels : and an upright front is attached
to the tray by a single bolt. The fuel is contained in a long concave
pan of cast-iron, bolte<l to the frame, the bolta acting aa hinges for
folding up; and the opposite end of the pan is supported hjf two
standards. An adjustable dead-plate is fitted to the inner front of the
frame, to prevent the injurious action of the heat on the blowing-
machine. A portable hinged hood is so fitted as to reflect the heat
downwards, and carry off the smoke. A cold-water trough is hooked
upon tho end of the fire-pan. The blowing apparatus consiats of small
fans placed near the bottom of the frame ; it is driven by a band from
a pulley on tho spindle of a winch-handle : or, in another arrangement,
a treadle is used instead of a winch, thereby leaving the hand at

liberty. This ingenious arrangement of p.arts would render the forgo

avaihdile aa a shot-heater, or for melting small quantities of iron or
brass ; for the latter purpoee, the fire-pan is superseded by a cupola
lined with fire-clay. So intense is the^heat produced in this forge, that

a bar of iron an inch and a half in diamiDter can bo brought to a
welding temperature in four minutea.

Hattersley's forging machine oompriaes such an arrangement of

awagea, dies, or hammers, aa eSbcta gr^at saving of time, and enables

the forging to be finished in one beat. There is a rapid mode of

transferring the ban of heated iron from one pair of swages to

another.

Ryder's machine consists of a series of hammers, or vertical stampers,

so varied in shape aa gradtially to forge tho heated metal into the
desired form. 'The patent for this machine expired in 1855, and
application was made for a renewal, on the ground that the invention

bad only become profitable when the patent was nearly out ; but this

^pUcation was refused.

The last which we shall notice is Campbell's steam-forge, which
combines both a blowing and a striking apparatus. It is worked by a
small steam-engine, which obtains ita ateam partly by the action of the
forge fire. There is a small horisontal steam-cyUnder attached to the
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frame which carries the forge-hearth, and connected with the frame is

a system of shafts, speed-wheels, pinions, &c., to move the piece of

metal which is to be acted on, and also the hammer. There is a
blowing-fan making sixteen hundred revolutions in a minute. The
boiler for the steam-engine is over the hearth. The forge-anvil is

placed by itself on the floor, at the other end of the machine. The
hammers are attached to levers on a horizontal shaft in the hearth-

frame, and are set in motion by the .steam cyUnder, through the
medium of a long sliding rod wluch strikes the tail of the lever or
levers. Hand-gear is provided for working the hammers if steam-
power should not be available.

FORGERY is the false making, counterfeiting, altering, or uttering
any instrument or writing with a fra,udulent intent, whereby another
may be defrauded. The offence is complete by the making the forged
instrument with a fraudulent intent though it be not published or

uttered, and the publishing or uttering of the instrument, knowing it

to be forged, is punished in the same manner as the making or
counterfeiting.

It is by no means necessary to bring the offence within the legal

meaning of the term forgery, that the name of any person should be
coimterfeited, though this is the most common mode in which the
crime is committed ; thus a man is guilty of forgery who antedates a
deed for the purpose of defrauding other parties, though he signs his

own name to the instrument ; and the offence is equally complete, if

a man being instructed to make the will of another, inserts provisions

of his own authority. In truth the offence consists in the fraud and
deceit.

At common law the crime of forgery was only a misdemeanour, but
as the conunerce of the country increased and paper credit became
proportionally extended, many severe laws were enacted, which in

most cases made the offence a capital felony.

The extreme severity of these laws tended to defeat their object,

and parties very frequently chose rather quietly to sustain the loss

inflicted upon them by the commission of the offence, than by a prose-

cution to subject the offender to the loss of life. This feeling, and
the diffusion of the truth, that the object of all laws is to prevent
crime and not merely to punish, has caused successive mitigations in

the laws relating to foi^ery, and now by various statutes, particularly

the 11 Geo.IV.,andl'\ViU.IV. c.66; 2 A3 WiU. IV. C..59, and 1 Vict,

c. 84, the pimishment of death is abolished in ftises of forgery, and a
punUhment varying between transportation for life (now penal servi-

tude) and imprisonment for one year is substituted.

(1 Hawk, P. C. : Russell on Crime ; Deacon's Criminal Law.)
FORK (Anglo-Saxon fore ; the same as the Latin /urea), an instru-

ment divided at the end into two or more prongs for various uses,

especially for the table. Addison speaks of a thunderbolt with three

forks. It is sometimes used for an arrow, and in old English for a
gaUows or gibbet. Butler, in lus ' Remains ' (ii 195), says, " They had
run through all punishments, and just 'scaped the fork." The furca
was an instrument of punishment among the Romans. Criminals con-

victed of serious crimes were fastened to it and then scourged to death

;

but it was also used for slighter punishments, and for some offences

slaves were condemned always to carry it about with them : hence
the use of the word " furcifer " as a term of reproach.

The agricultural or dung-fork, and a large fork for the flesh-pot,

were the only implements of this name apparently in use among our
early ancestors. The first mention of table or eating forks is probably
found in the ' Chronicon Plaoentinum ' of John de Mussis (' Muratori,'

voL xvi., p. B84), a writer of the early part of the 15th century, who,
when speaking of the luxuries of the people of Piacenza recently intro-

duced, says, " they use cups, and spoons, and Utile forka of silver

"

(" gt utuntur taciig, eugiariis, et farcellia ar;gentt "). But the fork must
have been in use in some parts of Italy some centuries earlier, if

Albert! (' tJrbis Veneta: Descriptio,' Venice, 1626, p. 221) be correct in

asserting that it was regarded as a mark of pride in the wife of the
Doge Domenico Silvio, who flourished towards the close of the 11th
century, that she would not use her fingers, but employed a fork in
eating (" cibum Don digitis sed furcillit aureia caperet "), Coryate, in
his 'Crudities' (edit. 1611, p. 90), announces himself as the person
who introduced this Italian fashion into England. He says, " Here I

will mention a thing that might have been spoken of before, in dis-

course of the first Italian town. I observed a custom in all those
Italian cities and towns through the which I passed, that is not used in
any other country that I saw in luy travels ; neither do I think that
any other nation of Christendom doth use it, but only Italy. The
Italian, and also most strangers that are commorant in Italy, do always
at their meals use a little fork when they cut their meat. For while
with their knife, which they hold in one hand, they cut the meat out
of the dish, they fasten their fork, which they hold in their other hand,
upon 'the same dish, so that whatsoever he be that, sitting in the com-
pany of taj others at meal, should unadvisedly touch the dish of meat
with his fingers from which all at the table do cut, he will give occasion
of offence unto the company, as having transgressed the laws of good
mannera, insomuch that for his error he shall be at the least brow-
beaten, if not reprehended in words. This form of feeding, I under-
stand, is generally used in all places of Italy, their forks being, for the
most part, made of iron or steel, and some of silver, but those are used
nly by gentlemen. The reason of this their curiosity is, because the

Italian cannot by any means endure to have his dish touched with
fingers, seeing all men's fingers are not alike clean. Hereupon I myself
thought good to imitate the Italian fashion by this forked cutting of
meat, not only while I was in Italy, but also in Germany, and often-
times in England since I came home : being once quipped for that
frequent using of my fork, by a certain learned gentleman, a familiar
friend of mine, one M. Laurence Whitaker, who, in his merry humour,
doubted not to call me at table fardfer, only for using a fork at feed-
ing, but for no other cause." Coryate's testimony is confirmed by
Fynes Morison, in his 'Itinerai-y' (P. i.,p. 208, fol., 1617), who, speaking
of his bargain with the patron of the vessel which conveyed him from
Venice to Constantinople, says, " he gave us good iliet, serving each
man with his knife, a spoon, and a fork." Ben Jonson, in ' The Divell
is an Asse ' (act v. sc. 4), makes Mere-Craft speak of his " jjains at

court" to get a patent for his "project" for "the laudable use of forks,

brought into custom here as they are in Italy, to the sparing of nap-
kins ; " and that they are to be " of gold and sUver for the better
personages, and of steel for the common sort." See also his ' Volpone,'
act. iv. sc. 1.

Even when Heylin published his ' Cosmography,' in 1652, forks for

the table were still a novelty : see his third book, where, having spoken
of the ivory sticks used by the Chinese, he adds, " the use of silver

forks with us by some of our spruce gallants taken up of late, came
from hence into Italy, and from thence into England."
FORM. Everything that exists may collectively be termed the

" something," in opposition to the " nothing." This " something

"

divides itself into foiu' great divisions, namely, things, ideas, forms,
and appearances. Form is the manner and mode in which a thing is

presented to our conceptions. Things are of two descriptions : imma-
terial, as faculties and intellect ; and material, as matter and bodies.

The forms of the immaterial things are called categories ; the forms
of the material we may call figures ; the form of appearances retains

the name of form ; and ideas are formless. The categories, according
to the opinion of the writer (founded upon those of Aristotle, Kant,
and many others), are the following :—1. Categories of position,—to

be, not to be, and to become ; 2. Categories of quality,—substance,

accident, and mode; 3. Categories of relation,—cause, effect, and
action and i-eaction ; 4. Categories of quantity,—universality, multi-

plicity, and unity. The logical categories are possibility, actuality, and
necessity. [Cateqoby.] The figures, on account of then- variety, do
not admit of being classified, yet we may divide them accorfling to

the senses, into shapes, colours, sounds, smells, and tastes, and into the
different modes of feeling.

Form is distinguished from the real nature of things, and, considered
in this point of view, the idea of form is practically used in common
speech and in science. Thus we speak of. a form of law, a form of

government, a beautiful form, a logical form, &c. Whoever esteems the
form of anything more highly than the thing itself, or through narrow-
mindedness confounds the one with the other, is a formalist, as many
learned men and oflScial persons are.

FORMA PAUPERIS. By stat. 11 Hen. VII. every poor jierson

shall have original writs or subpcenas, without paying for writing or

seaUng the same ; and the judges of all courts of record, where such
suit shall be carried on, are authorised to assign clerks to write, and
counsel and attorney to act for such person, without taking any
reward. It is discretionary with the court to grant this indulgence,

but it is rarely refused upon petition, supported by affidavit that the
petitioner is not worth 61. in the world after paying his just debts,

exclusive of his wesiring apparel, and the right to the matter in con-

troversy, and by a certificate by a barrister that he has good cause of

action or suit. The Court of Chancery has from an early period

permitted parties to sue and defend as paupers upon the same con-

ditions as the courts of law, though in that court, it seemg, if the

party be in possession of the subject matter in dispute, and that should

be worth more than 51., he cannot except it in his affidavit, and there-

fore will not be regarded as a pauper. The privilege may be gianted

either at the commencement of the suit, or at any period of its progress,

but if granted during the pendency of the suit, it has no retrospective

effect, and the party is not relieved from the costs previously incurred.

A person allowed to sue in formd pauperis pays neither for stamps,

nor fees to the officers of the court, but if he obtains a verdict with
damages above 5t, the officers take the fees. In case of improper or

vexatious conduct on the part of the pauper, the courts will deprive
him of the privilege, which is called dispaupering him ; but it seems
that in such cases a pauper plaintiff is never ordered to pay costs to the

defendant, though, according to Blackstone, a pauper, if nonsuited in

his action, formerly had his election either to be whippe<.l or pay costs.

FORMEDON (a compound of the two Latin words formam doni),

one of the many writs in use under the old law for commencing a real

action, before the more convenient mode of trying titles to land by
ejectment was established. [Ejectment.] It was the peculiar remedy
of a tenant in tail, who claimed per formam doni, and the highest he
could have, and was therefore called tenant in tail's writ of right. The
writ of right was granted to such only as claimed the fee simple, for

which reason the stiitute De Donis (Westm. 2, 13 Ed. I.) gave this writ

to tenants in tail. Together with all the others used for the com-

mencement of real actions, it was abolished by stat. 3 & 4 Will. IV
c. 27, ». 36.
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FORMEK. fMrrHTL,^yrfnrf«<)/.]
FORMIC ACID. [FoBMTL.]
FORMIC ETHER. fFoRiiTi.]
FORMUL.*:, CHEMICAL. [Chemical Fobmcl*.]
FORMYL. Tbii nuns wa* originally applied to a hypothetical

radioal (C^) rappoMd to be contained in formic acid, chloiolonu, and
other bodiea, but it ii now exoluaively uaed to denote the oxygenous

radical of fonnic add {^0*^0*
f) 1'Iu> radical is unknown in a

wparata ooodition, but in combination with oxygen and water it

Formic add, C,HO,HO, which originally obtained its name from
having been found present in the red ant {Formica rufa). Henoe also

the name of the radical formyL This acid may be procured from
methylio alcohol, C,H,0-fHO, by the loss of two equivalents of

hydrogen, and the addition of two of oxygen. It may also be pro-

cured by mixing starch or sugar with peroxide of manganese, water,

and sulph\iric acid, and distilling. It is formed also under a
great variety of other circumstances. It unites with lead, forming a
formiate of leiul, and from this, formiate of soda may be procured by
the addition of carbonate of soda. It unites freely with most of the
metaUic oxides, and many of the salts when heat«d in closed vessels

5jve off carbonic acid and carbonic oxide, leaving the pure metal,
t unites also with ammonia, the salt thus form^ containing the
elements of hydrocyanic acid and water.

It is the first or lowest member of the important series of Fatty Acids.
Formyl also enters into the comi>osition of the following compounds :

—

(P HO 1 N
g'jr * f 0, j may be obtained by distilling a mix-

ture of formic acid and alcohol ; but it is much better procured by
distilling a mixture of 10 parts of concentrated sulphuric acid, 7 of

formiate of soda, and 6 of alcohol. The distilled product should be
mixed with water to separate the alcohol which it contains, then
agitated with magnesia to saturate any excess of acid, and lastly, freed

from water by distillation with chloride of calcium. This is Dobe-
reiner's process.

Formic ether is a colourless liquid, of a strong odour, resembling
that of peach kernels ; its taste is peculiar. Its sp. gr. is 0'915 at

65*, and it boils at 132^ Fahr. It mixes with alcohol in all pro-

portions ; but water takes up only Jth of it.s weight ; and after

some time the solution is found to be converted into a mixture of

alcohol and weak formic acid : this ether bums in the air with a blue

flame, the edges and point of which are of a bright yellow.

PormobemSUic acid (C_II„0„). A composite acid, which stands

in the same relation to uie benzoic series ss lactic acid does to the
acetic aeries.

Formanilide, Pkmyl-formiamide (C,,H,N0,). One of the products
of the action of heat upon oxalate of aniline. [Akilides.]
FORMYLIA. An organic base so-named by Cloez, but which has

since been proved by Hofmann to be ethyltne-diamine (N,C,H",H,).
It is formed by the action of bi-bromide of ethylene upon ammonia.
FORNAX (Constellation), the Chemist's Furnace, one of the

southern constellations of Lacaille. It is situated immediately below
Cetus. It does not contain any stars of conspicuous brightness.

FORT is tlie term applied to any enckise<l field work, or small

permanent work. It is however often very loosely applied.

FORTE (Italian itrong, loud), a musical term, directing the per-

former to sing or play loudly, with strength.

.^orfiatsto is the superlative of Forte.

FORTRESS, a fortified city or town, the works of which are such as

to require an attack in form, or are capable of resisting an attack de
vive force.

FORTIFICATION is the art of constructing works for the protec-

tion of a town or military position ; the object being to enable a lesser

force to be a match for a greater from the advantages of its position.

Or, aa in the case of offensive fortification, such as siege works, to

inerease the power of the assailants. Fortification has, therefore, been
divided into two parts, prrmanent and Jidd, the former comprising
such woiks aa are intended to lost for many years, and the latter such
aa are hastily executed for the defence of a position of an army in the
field, or the attack of a fortress.

The principles which regulat« the general plan of the works con-

stituting the fortifications of a town or great military post, have at all

times been nearly the same. Among tjie ancients, with scarcely any
exception, the polygonal wall surrounding a place was provided with
towers projecting from it at intervals towards the front ; and a lNu-)>a-

oan, or outwork, consisting of two or more towers, connected by walls

like those of the fortress itself, was generally constructed on the
estsrior side of the ditch and opposite a gate of the town, in order to

protect that entrance and the bridge lea£ng to it. The towers and
walls about an ancient town correspond to the bastions and curtains

funning the enceinte of a modem fortress, and the liorbacau may be

considered ss the counterpart of its ravelin, or principal outwork.

The nsrssiity which the nations of Europe were under of remodelling

their fortiiled towns in consequence of the change produced in the art

of war by the invention of gunpowder, gave occasions for the engineers

of Italy, Fnaoe, and the Netherlands to emulate each other in de-

vising tlie most advantageous methods of disposing the works for the

porpoees of defense with relation to the arms then newly introduced

;

and the result of their labours was the construction uf numerous
strong fortresses on the frontiers of those countries. In these the
bastion system, as it is oallsd, was invariably adopted [Bastion] ; and
it is remarkable that, of the very numerous projects which have been
offered to the world for fortifying places, so few should have been till

latterly of a different kind. The variations however which occurred
in the details of the plans gave rise to the denominations of the
Italian, the French, the Spanish, and the Dutch methods, in speaking
of the works propiwed or executed at the end of the 16th and the
beginning of the 1 7tb centuries ; but it must be observed that those
variations consisted chiefly in the nuignitude of the angle which the
two faces of a bastion mode with each other, and in the extent of what
was called the second flank ; that is, the portion of the curtain then
generally left between the flank of a bastion and the place where the
produced face of the collateral bastion intersected the curtain.

The first bastioned fortresses of France appear to have been very
inferior to those which were executed in the Netherlands by the
Italian engineers ; and there still exist some remains of these last in

which the bnstions are sufficiently capacious, and at distances from
each other within the effective range of musket-shot. The others, on
the contrary, were characterissd by small bastions, scarcely capable of

receiving artillery, and placed so far astinder as to defend each other
very imperfectly. But after the termination of the civil wan which
desolated the country, the attention of the French government was
directed to the state of the military posts ; and Errard de Bar le Due,
a member of the corps of engineers then instituted, was appointed to

superintend the reparation of the old, and the construction of the new
fortifications. The citadel of Amiens was built according to the plan

proposed by this officer, who, in 1194, published a treatise on fort&ca-

tion, in which some effort is made to determine the principles which
should regulate the forms and dimensions of the works ; bis method,
however, is only a faulty modification of the Italian.

In the method proposed by Errard the bastions are much larger

than those of the earlier time, the length of their &ces being, as at

present, about one-third of the distance between the salient angles of_

two collateral bastions ; an orillon occupied nearly two-thirds of the'

length of each flank, which was very short, and formed an angle of

about 80* with the curtain. This direction appears to have been
given to the flanks in-order that the guns behind their parapets might
be as much as possible concealed fmui the view of the enemy in his

counter-battery ; but it is evident that the defenders of the opposite

flanks, laying their muskets perpendicularly to the lengths of the

parapets, according to the general practice, would almost inevitably,

especially in the dark, fire upon each other, or upon those who were
stationed on the curtain.

De Ville, who composed a treatise on fortification in 1629, made
several improvements on the method proposed by Errard, the principal

of which were an augmentation of the length of the flanks and a per-

pendicular direction of the latter with respect to the curtain : by these

changes a better defence was obtained from the flanks, and the evil

above mentioned was diminished. But a still greater amelioration was
made by Count Pagan, who, in 1645, proposed to moke each tiank [see

the half-front of Fortification between F and G, fig. 1, Bastion] jier-

pendicular to the produced face of the collateral bastion ; the reciprocal

defence which the works should afford each other is thus complete, and
the men are not in danger of being fired on by each other. Pagan
retains the orillons at the shoulders of the bastions, and he gives to

the latter double or triple flanks ; but the construction of these, and
of many other works supposed to be modem improvements, such as

the demi-revetment, are to be found in Castriotto's work, published in

Venice in 1564 : they have, however, on account of their numerous
inconveniences, ever since been discontinued. •

During the reign of Louis XIV. a general reparation or recon-

struction of its fortresses was ordered by the French government ; and
the talents of Vaubon, which were exercised in devising and carrying

into execution, the strengthening and improving 300 places and the

building of 33 new ones, together with the merit displayed in the

conduct of fifty-three sieges, have given that engineer so much celebrity.

Besides the changes made in the dis|>ositiun of the parts of the enceinte,

the outworks were entirely remodelled ; and instead of assigning for

the delineation of the plan, numerous arbitrary rules which varied

with the nature of the polygon, Vauban adopted the length of the

side of the ])olygon as a base, and took certain aliquot parts of this

line for the dimensions of the several diviaiuns of the nompart ; thus

reducing the coiutruction to a few Hiiii|>le precepts which were appli-

cable to places of all magnitudes. 'Iliese precepts being founded on

the uses of the works may be justly considered as constituting a

system of fortification, though many of his works are fomid in older

writers; and from that time to the present scarcely any deviations

have been made from them in the construction of great fortresses. A
brief outline of the system will therefore be here given. [See the half-

front (if fortification between u and ii,fig. 1, Bastion.]

The length of each aide, as F E, of a rwuUr polygon 8Ui>po6ed to

surround the town or position, is made from 820 to 400 yards, sav

about 380 yards, in order that all the parts of the ramj>art on each

front of the enceinte might be within the range of the arms employed
in the defence, but more especially that the &ces of the bastions
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should be within range of the flanks. This for the old smooth-bored

musket would have required a range of 180 to 200 yards, but this being

impracticable from the relief required in the bastion, and from its

further rendering the bastion too small, the length is determined by
the range of rifles, wall pieces, and grape shot, which is about 300 yards.

Now these being supposed to be placed on the flanks, as at e or/,

might be employed to oppose the formation of the counter-battery at

H, or at the corresponding point on the left of F ; therefore, if we
assume the length of the line from e to H to be 300 yards, and deduct

from it the estimated breadth of the main ditch and covered-way (40

yards), we have 260 yards for the length of e E or/F, which is (^led

the line of defence. This is also the ilistance of K or F from the

shoulder of the collateral bastion ; and if we add to it the length of

the face of the bastion, which is 103 yards, or 2-7ths of E F, in order

that, in the inferior polygons, the bastion may have sufficient capacity,

we obtain about 380 yards for the distance between the salient points

r and e of the two bastions ; and it may be observed, that a few yards

more or less in the dimensions need not be regarded.

The directions of the faces of the bastions on each front coincide

with lines drawn from t^e angles E and F of the polygon, through the

extremity of a perpendicular let fall from the middle of the line E F

and made equal to one-sixth of that hne ; and each flank is the

chord of an arc, described either from the opposite angle E or F of

the polygon, or from the nearest shoulder of the collateral bastion,

as a centre. By this construction the flank is rather greater in length

than the enemy's counter-battery, which is necessarily limited by the

angle of the glacis and the prolonged face of the nearest bastion
;

and it is nearly perpendicular to the direction of that face : the reason

why it is not made exactly so is, that a man on the flank, placing his

musket perpendicular to the line of parapet, will thus be able to fire

into and defend a breach which may be made in the face of the

collateral bastion. The curtain is determined by a line joining the

interior extremities, near e and/ of the flanks ; and, with the height

which Vauban assigned to the rampart of the enceinte, this length

will permit the fire of musketry from each flank to defend the opposite

half of the ditch between the flanks. The line which on the plan

indicates the directions of the faces, flanks, &c., of the works, is called

the magistral line ; it forms the exterior side of the ramparts in Jig. 1

[Bastion], and coincides with the cordon, or projection, at the top

of the revetment N, Jig. 2.

The dimensions of the ditch are determined by the necessity of

obtaining from it the earth for the formation of the ramparts and

parapets, the depth being fixed by giving the escarp the least height

which is considered quite secure from escalade. This for the main

works should be about 32 feet, which gives a breadth of ditch at the

flanked angles of the bastion of 38 yards. The counterscar]> wall is

rounded opposite the flanked angles at G or f, and is directed from

thence towards the shoulder of the collateral bastion.

The improvements made by Vauban in the ravelin are described

under Ravelin : q represents one-half of that work ; and it will be

merely necessary here to say, that its plan is determmed by using the

angular points near e and /, formed by the magistral lines of the flanks

and curtain, as centres, and with radii equal to the distances from

thence to jioints taken on the faces of the collateral bastions, at 10 yards

from their shoulders, describing arcs ; the intersection of these arcs

determines the salient angle of the ravelin ; the magistral Unes of its

faces tend from that intersection to the points just mentioned, and

terminate on the cotmterscarp of the main ditch.

The travernes in the coveretl way were proposed by Vauban, in order

to diminish the effect of the ricochet fire of the besiegers, which
Vauban was the first to employ in the attack, in which he was even

more famous than in the defence, being the first to give it that decided

superiority which it has ever since maintained, and one of the imncijial

means of which was the ricochet fire. He was the first engineer who
formed the spacious places of arms, as they are called, at L, in the re-

entering parts of the covered-way, in order to obtain room for assembUng
troops, and to afford a good crossing fire of musketry from their faces

for the defence of the glacis in front of the bastions and ravelins.

An attention to the reliefs of the several ramparts of a fortress is no
less necessary than to the plans ; for, as it would be advantageous,
when the approaches of the besiegers are near the foot of the glacis,

that a fire of artillery should be made from the ramparts of the
enceinte or ravelin, and of musketry from the covered-way at the same
time, the reliefs of those ramparts should be determined by imagining
a line to be drawn from the foot of the glacis through a point 3 or 4

feet vertically above the crest of the latter, that is about 11 feet above
the ground, and to be produced through the parapet of the said enceinte

or ravelin ; then, if the soles of the embrasures, which are necessarily

44 ^ect below the crest of the parapet, be made to coincide with such
imagiftary line, the fire of artillery from them may be directed to the
enemy's trenches without incommoding the defenders of the covered-
way. The crest of the enceinte thus determined will be about 18 feet

above the ground, and that of the ravelin about 3 feet less.

The ten.^Ule, e,Ji'j. 1 [Bastion], will be described imder that word;
but it may be mentioned here that the relief of this work is deterniine<l
by the consideration that, while it should be high enough to mask the
postern in the curtain behind it, the men stationed on it to defend the
ditch should be below the lines of fire from the flank of one bastion,

when directed to the foot of a breach supposed to be made near the
shoulder of that which is collateral to it, in order that they may not
be injured by that fire.

As Vauban had occasionally to adapt works constructed according
to the principles above mentioned, to the old fortifications which then
existed, the particular method employed in disposing them acquired
the denomination of his second system ; and when, subsequently, he
fortified Neu Brisach, some few modifications which he was led to
make gave rise to a new distinction, the works of that place being con-
sidered as forming a third system. In both these systems the bastions
Y,Jig. 3 [Bastion], are separated by a ditch from the enceinte ; and
this circumstance is so far advantageous, that the place would not be
compelled to surrender immediately upon those works being taken by
the besiegers. The enceinte consists of a long curtain, either quite
straight or broken by two short flanks ; and at the angles of the polygon
are small bastion-towers of masonry (T,./?jr. 3), in whose flanks are
formed casemates to contain artillery for the defence of its ditch.

This great engineer died in 1707, at the age of 74 years; and, from
his time, the French fortification has been to a great extent that of all

Europe.
It would be improper in this place to omit the name of Minno,

Baron of Coehorn, who was born in the year 1641, the year preceding
the birth of Vauban, and who in the service of the United Provinces
acquired a reputation scarcely inferior to that of his great rival. In
the year 1692 they were directly opposed to one another, Coehorn
defending Namur against Vauban, who conducted the attack. His
system, or systems, as he in his treatise describes three, are essentially

adapted to aquatic sites, such as those of Holland, and he applied them,
with the modifications required by the ground, to Nimeguen, Breda,
Manheim, Namur, and Bergen-op-Zoom. Tilbury Fort is also on his

system. The outline of the plan diSers but little from that of his
rival's great system, but the shoulders of the bastions are strengthened
by large towers, or oriUons, containing casemates. In the interior of
each bastion is another, on a higher level, and on the exterior is a
counterguard, consisting of two faces, parallel to those of the bastion.

A large ravelin, inclosing a redoubt on a higher level, is placed before
the curtain, and the whole is surrounded by a broad covered-way,
whose places of arms are retrenched by brick redoubts. The plane of
site of the works is assumed to be 4 feet above the level of the water,
which allows the system to combine the advantages of wet and dry
ditches. When the wet ditchss are employed the expense of the revet-

ment is saved, and the dry ditches which separate the unrevetted
portions from the principal works afibrd the garrison a great advantage
in resisting the besieger while defiling from his bridge across the wet
ditch to attack the inner works, which have a suflicient revetment to
resist an assault without ladders, but are still low enough to be pro-
tected from distant fire. The terrepleins, as well of the bastions and
ravelins as of the covered-way, are sunk below the natural surface of

the ground, so that it would be impossible, in the marshy soil on which
the fortifications are supposed to be constructed, for an enemy to dig
trenches there in order to form covered approaches. The terrepleins

of the principal works are also well defended by fire from the covered
galleries which cross them, or which are formed within the masses of
the ramparts.

It should be observed that the salient points, E, F, Sec, of the bastions
and ravelins in Vauban's system being nearly equally distant from the
centre of the place, the trench executed by the besiegers to connect
the glacis before the former works will also connect that which is

before the latter ; and that, in consequence of this construction,

breaches may be formed, and assaults made, at one time, in the enceinte

and outworks. With the view, therefore, of preserving the former
untouched till some time after the ravelins may ha* been taken, the
PVench engineer (Jormontaingne proposed, about 30 years after the

death of Vauban, to advance the salient points of the ravelins as much
as possible, by increasing the length of the faces to the utmost limit

which a regard to the due magnitude of the flanked angle will admit.

Thus the magistral line of his ravelin is determined by directing its

faces on the faces of the collateral bastions, at 22 yards from the

shoulders ; and its salient or flanked angle by the intersection of the

perpendicular produced of an arc described from one -of these points

as a centre, and the shoulder of the opposite bastion as a radius. By
this construction it would become impossible for an enemy to crown
the glacis of a bastion till he had got possession of the two collateral

ravelins, on account of the fire which, from these, might be made upon
his approaches between them ; and the fall of the place would be

delayed by the time sjient in conducting the approaches from the

ravelins to the intermediate bastions.

In order that this benefit might be obtained in the highest degree,

Cormontaingne suggested the propriety of fortifying places on polygons

of the superior kind, and even, when possible, of constructing two or

more fronts of fortification on one straight line ; this pr.actice would

have the additional iKlvantage of rendering the flanked angles of the

bastions very obtuse, by which, not only would the increased capacity

of those works permit stronger retrenchments to be formed in them,

but the faces being produced outwards, would tend to points on the

faces of the ravelins, and thus would be completely secured from the

enfilading fires of the besiegers.

Besides the above general modifications, Cormontaingne made several
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impromnent* In the detaikof the workB. He made the itaia exactly

perpendicuUr to th<> prolonged fiuea of the colUteral butiona, for the

ike ut a iu<>n< complete flanking defence. He made the terrepleins of

Ike raTelins merely wide enough to contain the artillery uf the

defenden; in order to increaie the capacity of the redoubt in the

niTelin, and to deprive the enemy of the space neceaeary for a battery

on the raTelin, by which be might breach that redoubt. He alao gave
• large caaemated flanki to the liStar work, in order that a powerful fli«

might be diraeted from them against the enemy, if he ahould attempt
to moont the breach in the bet Of ^ther baation before he bad got

1 of the redoubti tm well ai of the tsvelina tbemaelTee. A

further improTemeat waa made by thia engineer in adding to eadi of
the rs.eatering places of arma a ipacioua redoubt, which would render
the defence of that place more obettnate, and cover the paaHge
between the tenaillu imd the flank of the bastion. The following are
the oommanda of tho i>riDci[i«l woriu above the country.

Baltaat of baation . . M| iket dMr«ula( 1 foot to flank o( do.
Salient of redoubt of raveUB . . 14 „ „
Salient of rmTcUn .... 11 „ extnntitj of bee.
Redoubt in Be-eaterlng place of arms li
TanalUe S

Oorered-wajr 9

Plan of a Front of FortUcaUoa according to the Method of Oormontaingue,

80 jrardi to an inch.

a. Solid Bastion ; a, Hollow ditto ; x, Retrenchment ; r, Tenaille ; a, Caponniire ; x a, Rarella ; t, Redoubt in ditto ; i, l, Re-entoring places of Arma

;

w w, Bcdoubta in ditto ; a a, Covered-wax ; < t, TraTenea ; s a, Glaols ; s, Barbette batter}-.

Cormontaingna^a system, to which the name of French modem
ayatem waa for some time applied, h&» at various times been modified

in many of its details, especially by the French engineers at their

achoola of application (formerly at Hezieres, and now at Metz), and at

the present time the term of Modem System is applied to one which
may be considered aa the most perfect Bastioned trace, and which is

taught in the French engineer schools as the normal bastion traoe.

The proportions given by Comiontaingne to the enceinte aro retained

with the exception that the flank is increased by directing the eacarp

of the faoea of the baation to the angle of the flank of the magistral

line instead of to the interior crest. The mlleauy of tlio ravelin is

however still farther increased, and it is in this tlutt the principal

modifidstion of the modem system lies, by directing its faces on the
faces of the bastion points 86 yards from toe shoulders, and giving the
salient or flanked angle the ereatest aaliency possible, allowing it in fact

only an o|)ening of 60', which is the least admisaible. The ravelin being
thus enlarged allows of a larger redoubt, though the terreplein of the
ravelin, which Cormontaingne only considered a speoies of oountsiiguard,

is alao increased. A permanent coupure is made across each &oe of
tlw ravelin at the point where a perpendicular from the extremity of

the ma^iistral line of the nearest face of the redoubt of the covered way
cuta it m order that the besieger may not by sapping along the face of
the ravelin, and thus be able to see into and drive the defendera out
of the redoubt. The greater saliency of the ravelin allows of four
traverses in the covered way instead of the three, according to

Connontaingne's system.

The Uodem system however has some important defects, among
which the principal are that the ravelin and its covered way present

long lines easily enfiladed, and the faces of the bastion may be breached

by the besieger firing down the ditch of the ravelin from his breaching

iMittery on Uie crest of the glacis at he nalient, even more easily than
in Vaubau's first syatem. The flanks of tho Iwtitioii ako being brought
closer together, increase the undefended portion in front of the

curtain and tenaille. To remedy these defects, Colonel Dufour has

proposed certain modifications. Taking the outline of the enceinte

and of the ravelin, the same as those of the modem system, he raises

a large moimd at the salient of the Utter by laying off 46 yards along

each face, and raising it H feet above the plane of site or level of the

ooimtry. This by its elevation entirely screens the faces of thu r.ivelin

from enfilade fire. Again the inner face and ditch of the redoubt of

the re-entering place of arms, instead of terminating on the counterscatp

of the ditch of the ravelin, is continued across the ditch to the counter-

scarp of the ditch of the redoubt of the ravelin, perpendicular to its

face at the shoulder angle, cutting 00° therefore the face of the ravelin

by mailing a coupure in it and preventing the besiMwr breaching tho

bastion down its ditch. Tho flanks uf the redoubt of the ravelin are

simply crcnelled walls, in order not to give the l>esiegera any cover from
which to drive the defendera from the redoubt of the covtnwl way and
the coupure of the ravelin, which tire intended to be held till the last.

Soon after the commencement of the revolution, Bousmard, a French

oflloer, who had entered the service of the kin^ of Prussia, proposed to

curve the faces of the bastions on the plan, m order to diminish or

prevent the effect of the ricochet, and to build casemates in the flanks

of the tenaill< a for the purpose of more effectually defending the main

ditch. Uis traverses iu the covered way are like little redans, each

>>cing a little retrenchment having a separate communication with the
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main ditch. But his principal improvement consiBted in extending

the covered way and glacis along the whole of the enceinte, and in

placing the ravelin with its proper covered way and glacis on the

exterior; in consequence of which disposition it would become
impossible for the besiegers to breach the bastion by firing along the

diteb of the ravelin, while the latter would possess all the arlvantages

attending the greatest possible saUency. The ideas of Bousmard
respecting the disposition of the raveUn were adopted by General
Cbasseloup de Labat, in the works which he executed, by order of

Napoleon I., to strengthen the fortifications of Alessandria ; and the

same engineer constructed a strong polygonal redoubt of earth in each
of the places of arms before the flanked angles of the bastions and
ravelins, in order to increase the quantity of crossing and reverse fires

in front of the works.

The last modification of the baation system which it will be
necessary to mention, is that proposed by Choumara, who, partly to

diminish the pressure of the parapets on the escarp revetment, and to

render the formation of a practicable breach more diffioilt, and partly

to procure a close fire of musketry into the covered-way, suggests that
a terreplein, like the old chemin des rondes, but with a slender breast-

work to protect the defenders, should be left on the exterior of the
parapets. The same engineer recommends that the flanks of the

bastions should be lengthened by continuing them within the line of

the curtain, ;uid that they should have a greater relief than the latter,

in order that a fire of artillery might be directed over it against the
worki of the enemy : he proposes also that a glacis of earth should be
raised in the main ditch, high enough to mask the foot of the escarp
revetment, and prevent it from being battered by a fire of artillery on
the crest of the covered way.
As early as 1640, Dillichs, in a work published at Frankfurt,

proposed a method of fortifying places, which consists in surrounding
them by lines of rampart forming with each other a series of angles

alternately salient and re-entering, being in fact a Tenaille system ; and,

subsequently to the time of Vauban, a few other projects of a like

nature have been suggested. The most remarkable of these is that

which was puV>Ushed in 1776 by the French General Montalembert,
who entitles bis method ' Fortification Perpendiculaire.' Its outline

on the plan is a series of the sides of equilateral triangles formed on
those of a dodecagon inclosing the place ; the re-entering angles being
consequently right angles, and, as the general has developed some
useful ideas concerning the interior defence of a place, though no
existing fortification affords an example of the method, a ^ort descrip-

tion of it may with propriety be given.

Three parallel ramparts of earth, of the form above indicated, and
separated from one another by wet ditches, surround the place : the
benne at the foot of the first and third is protected by a simple wall,

and that at the foot of the middle rampart is covered by a loop-holed

gallery on its whole length. Beyond the outer ditch is the covered-
way, whose re-entering angles arc fortified by strong redoubts. In the
reentering angles of the two interior ramparts are formed casemate<l

batteries, the fires from which would sweep the surface of the ditches

in front, in the directions of their lengths ; and, within the enceinte of

the place, a circular redoubt, or tower, of brick-work, carrying several

tiers of guns, is intended to defend the interior rampart, if, at length,

it should be force<l. The merit of this system is supposed to consist

chiefly in the powerful fire which the casemates would afford, as from
their situation, they would scarcely be injured by the enemy; in the
difficulty which the latter would experience in getting over the de-

tached walls ; and in the great force which the defenders, by means of

the spacious commimications, might bring up to oppose the assailants.

During the existence of the first French empire, the celebrated Camot
proposed to restore the balance between the attack and defence of

fortresses, which the inventions of Vauban had made to preponderate
greatly in favour of the former, by means of powerful sorties from the
place and an abimdant discharge of stones and balls from mortars fired

at considerable angles of elevation ; thus annoying the besiegers in
their trenches, and either putting great numbers of their men hors de
combat, or compelling them to recur to the slow process of bUnding
their approaches. Adopting, in his method of fortifying places, the
proportions,of Cormontaingne for the plan of his bastions, but making
the whole length of his front of fortification equal to 480 yards, he
detached the bastions from the enceinte, which he made to consist of
a simple polygonal rampart of earth. In rear of the tenaille between
the UiMtiona he placed a fausse-braye, whose exterior side was to be
protected by a casemated tower at each extremity ; and, behind the
gorge of each bastion, he formed a row of casemate vaults, in which
the mortars were to be placed for throwing stones, *c. into that work
when gained by the enemy. Adopting also the ideas of Montalembert
respecting detached walls, he proposed to surround the enceinte by
one, which was to be loop-holed in order that a fire of musketrj- might
be made from it, and to construct a similar wall before the faces and
flanks of the bastions. The bastions were to be covered by narrow
counterguards ; a cavalier, or lofty redoubt, in front of the tenaille,
was to defend the collateral faces of both bastions and counterguards

;

large ravelins were to cover the central parts of the fronts of fortifica-
tion and afford crossing flres on the ground before the bastions ; while
mortars placed on the faces of the work and on the barbettes at the
angles were to discharge their missiles over the parapets, A ditch

surrounds the whole, and its exterior side is made with a gentle slope

from the bottom to the level of the natural ground in front, for the

purpose of facilitating the sorties ; the cori-espouding facility which
the enemy might have for descending into the ditch being disregarded

on account of the supposed impossibility of maintaining himself there

under the hail of stones and shot from the works.

It was supposed that the detached wall, being covered as before
mentioned, would present an impassable obstacle to the assailants ; but
an experiment made at Woolwich in 1824, proved the possibility

of breaching it by a fire of shot and shells, directed over the parapet
of the counterguard, from artillery of great calibre, at the distance of

400 yards from the latter work. The efficiency of the vertical fire, as

it is called, of stones and shot from the works has also been contro-

verted^ and experiments have been made which seem to prove that

the momentum acquired by the missiles in their descent would not be
sufficient to do serious injury to a man on whom they might fall, if he
were protected by a proper head-piece.

We now come to what is variously termed the polygonal, right-lined,

German or Prussian system. It has of late years been much adopted
by German engineers, but has never yet been tested by an actual siege.

Instead of the ramparts of the enceinte being broken up into bastions

and curtains, they follow the lines of the polygon and .are flanked by
projecting masonry works called caponniferes, something like Vauban's
tower bastions, or Montalembert's ca.semated batteries, from which they
are taken. The lines of defence may be about 300 yards, so that

placing the oaponnifere in the centre of the side of the polygon this

may be taken at 600 yards. The caponniftre, projecting about 35 yards
from the exterior, will contain 12 guns in 2 tiers of casemates on each
.side, that is twice as many as an enemy can place in a breaching bat-

tery against it; and if built with an interior court for ventdatiou

would be about 30 yards in width. The caponnifere is covered in front

by a simple counterguard, or by a strong ravelin, and its sides flanked

by gun casemates in the enceinte, the ravelin being flanked in the
same way, or by ca.semates at its gorge. The detached escarp has

commonly been employed in this system, of which perhaps the best

example is Fort Alexander at Coblentz.

Besides these alrea<ly mentioned, many ingenious systems have been
.advanced at various times, among which may be mentioned one by
Lieut. Cook, late Professor of Fortification at Addiscombe College

;

Sir. Bordwine's system, and, still later, a further develojiment of this

latter by Mr. Fergusson. Mr. Fergusson's system has of late received

so much notice from the able manner in which he has advocated it,

that it would appear to require some description in this place ; but in

the limits of this article, though some idea might be given, it would
be impossible to do it justice; the reader is therefore referred to
' Fergusson's System of Fortification.' It may be remarked, however,

that ingenious as it undoubtedly is, and remarkable as are some of the

ideas propounded, it has not attracted any large amount of support

from engineers either in England or on the Continent ; and though
the author appears to attribute this principally to professional jealousy,

&c., it must be acknowledged that it could hardly be carried out in its

entirety, nor would it be likely tfi fulfil his anticipations. It is neces-

sary to guard against the idea, in discussing the system, that the

Russians employed it, and with such great success, at Sebastopol.

This confused idea appears to have originated from the fact that Mr.
Fergusson projTOses a huge mound of earth divided into numerous
parallel ramparts, and that the Russians used earth-works, though the

former proposes to sprinkle his ramparts pretty freely with casemates,

and the latter used unrevetted earthworks because they could make
no other, and followed the ordinary plans which have been followed

for centuries in field fortifications or entrenchments ; never raising tier

above tier of guns, except where occasionally one battery erected

behind and on considerably higher ground fired partially over one in

front. This may be easily seen by a very cursory inspection of the

plans. The immense duration of the siege of Sebastopol is easily

accounted for, when we remember that a large and powerful enemy,
never numerically much inferior and occasionally superior to that of

the allies, was defending in a naturally very strong position one of the

largest and best supplied arsenals in the world, from which they ob-

taine<l guns and ammunition in greater numbers, and of larger calibre,

than the allies had, almost to the last, to bring against them ; that

their re.ar and communications were open, so that casualties could be

replaced; that they had a powerful fleet in their well-fortified har-

bour, and a great number of the ships of which being sunk supplied

them with artillerymen ; that they had a large army of observation

in the field constantly harassing the allies, and threatening, by such

sorties as at Inkermann, to raise the siege ; and, lastly, that even on

the approach of the .ilhes on the south aide, they had sufiicient per-

manent works, as the crenelled wall on the west, the central bastion,

the Malakofi' tower, 4c., with their ships, to make a map de main
h.ozardous, if not impracticable, and thereby by obliging the allies to

make batteries and bring up gims to destroy these, giving themselves

time, which they certainly availed themselves of, to erect counter

batteries and perfect their defences.

It is scarcely prob.ible that any existing fortresses will be demolished

for the sake of the advantages which would result from a re-con-

struction according to any of the methods which have been proposed

since the time of Vauban ; but, on any future occasion which may
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prMent itnlf for fortifying a town or miliUry post of importaooe, it

maj be found convenient to adopt aome improvement* in the con-

troetion of the works. Thus, the general system of Vaubau, with

til* modifications pn>[io«ed by Cormontaingna, being retained ok the

baais, caaematcs, like those of Montalembert, might be formed in the

re-entering angles of the enceinte or tenailles, and detached walls or

galleriea for musketry hi some of the dry ditches : detached ravelins,

as proposed by Boiuonard, may be oonstnioted beyond those of the

ordinary kind, m order tu prevent the enceinte from being breached at

the first crowning of the glacis ; and a direct defence of the covered

way may be obtained from galleries formed within, or on the exterior

of, the panpets along the faces of the works.

In the open attack of a fortifiml place it is evident that the loss of

life would be so much the greater as the defensive woHu are stronger

and better combined ; and, in consequence, the necessity of makmg
the approaches under cover to the last moment of the siege, wotila

become more urgent.

For the works occasionally constmcted beyond the glacis of a

fuiti ess, see FlAchf, Horn-work, Lusettes, and Tenaillons.
Of the works which fall under the denomination of field-fortilieations,

BBTDQE-BrADS have been already mentioned ; Redans, Kedodbts,
and Star-forts are deacribed under those words ; and the combina-
tions of works which serve for the protection of armies, that is,

J'itU FotHficatitm. under Lines of ENTRENcnueirr. Small forte with
bastions are frequently employed in field-fortifications : their plan is

similar to that of the enceinte of a fortress ; but they differ from the
latter in their size, in having low relief, and in the sides of their

ditches being imrevetted, or only faced with sods.

The limits of an article such as this, will only permit of the most
cursory notice of this complicated and intricate subject : the reader is

therefore referred for further particulars to the standard works, such
as Bousmard's ' Essai G<!n<Sral de Fortification ;' Dufour's ' Memorial
pour lea travaux de guerre ;' Camot, ' De la Defence des places fortes ;'

Sir John Jones' ' Sieges in Spain ;' Belma's ' Sieges in Spain ;' St. Paul's

'Traits de Fortification;' 'Aide M(5moire (English) to the Military

Sciences;' Capt Hacauley, R.E., on 'Field Fortification;' Lieut.-Col.

Jebb, R.G., ' Treatises on Defending Outposts,' and ' The Attack
;'

Straith's ' Fortification,' revised and re-arranged by Cook and Hyde,
7th edition, &c.

FORTUNE (Fortuna), in the Roman mythology, was a goddess who
was 8U]^x)sed to dispose, at her caprice, of the destinies of men

;

Fortune. From the tutn* in the BriUi^h Muciun.

corresponding in a great measure to Ttchje of the Greeks. This deity

did not figure in the more ancient systems of theoaophy ; Homer does

not mention Fortime in the Iliad, but refers the events of this world
to the decrees of Jupiter and of Fate. Fortune however was wor-
shipped in Italy of old ; by the Etruscans at Volsinii, under the
name of Nuniia ; by the Latins at Pmneste ; and by the Volaci at
Antium, where a splendid temple was idedicated to her, in which a
sort of oracles was delivered. She had several temples at Rome.
As directing the events of life she was represented with a rudder

;

with a ball aa typical of the instability of fortune ; and with a cornu-
copia and oooaaionally with the mooius as diffusing abundance and
prosperity. We give an engraving of a statue of Fortuna, in which
all these attributes are unitol : the original, a isn\.'UI but very graceful

marble statue (S feet 1 inch high) is in the Third Qrecu-Roman Saloon
of the British Museum. (Lactantius, Imtit. L 29 ; Horace, Od. i. S5

;

Martial, r. ep. L)

FORUM, a large open space in ancient Roman cities (corresponding
to the Agora of the Greeks), usually surrounded witli public buildings,

where the citisens met to transact busineas, and where, previous to

the erection of Basilica;, causes were tried. From this last circum-
stance the word forum is used metaphorically for a place of justice.

Nardini is of opinion, though without any show of authority, that the
first forum, or Korum Romanum, at Rome, was placed on the Palatine

Hill. The Greeks made their Agora square, with a double colonnade,

or ambulatory, above and below ; but in Italy the width of the forum
was made less than the length by a third, and the columns set wide
apart, aa the gladiatorial ahows were formerly given in the furum.
(Vitruvius, lib. v. 1.) The Roman fora were of two kinds, Fora Civilia

and Venalia : the former were for law and political affairs, the latter

for the purposes of trade. Rome contained nineteen fora of import-
ance,—the Forum Antonini, Archemorium, Argentarium, Augusti,
Boarium, Caisaris, Cupidinis, Nervro, Olitoriimi, Piscarium, Piscato-

rium, Pistorium, Romanum, Sallustii, Suarium, Tauri, Trsjani, Tranai-

torium, and Vesposiani. Uf thes^ the Forum Romanum, Neme,
Trajani, Boarium, and Piscatorium, alone retain any traces of the
splendid edifices with which they were once adorned. The Forum
Komanimi is situated in a narrow v.-Jley, not far from the Tiber,

between the Palatine and Capitoline Hills. It sweeps round towards
the Fora of Ceesar and Augustus, which are between it and the larger

Fora of Nerva and Trajan, all which, looking at their relative situations,

were no doubt connected with it on the north. On the south it

extended nearly to the Fora Boarium and Piscatorium, which were
near the Pons Palatinus, now called Ponte Rotto : its exact limits are,

however, uncertain. It was decorated with temples, statues, basilics,

curiae, rostra, triumphal columns, and arches, which usurped the place

of shops, schools, and even private houses, that originally stood in this

forum. In the forum were the rostra, or pulpits, decorated with the
beaks of ships, whence the orators harangued. According to Appian,
the rostra were placed in the middle of the forum ; and he states that

Sulla caused the head of young Marius to be hung up l>efore the rostra

in the middle of the forum. Varro, in his fourth book, ' De Lingua
Latina,' places the rostra before the curia, which was near the Comi-
tium, so that the orators would stand with their faces towards the
capitol ; but Plutarch, in speaking of the Giaochi, states the reverse to

be the case.

The Comitium was placed ncAr the Curia ; three columns of the
former, commonly called the Temple of Jupiter Stator, still remain.

Nardini places on the side of the Palatine Hill, in succession, the
Fabian Arch, Gnccostasis, Senalum, Basilica Opimia, ..Edicula of Con-
cord, Temple of Romulus, Temple of the Dii Penates, C^uria Ostilia,

near which was the Comitium, Basilica Portia, Temples of Julius Cicsar,

and Castor and Pollux. On the side towards the Tiber stood the
Temples of Jupiter Stator, Temple and Atriimi of Vesta, Basilica Julia,

house of Lucius Tarquiuiua, and the Temple of Victory. On the side

of the Capitol were the Arch of Tiberius, the temples of Saturn, of

Concord, and of Vespasian, the school of Xanthus, the Arch of Severus,

which still remains, and the TuUian Prisons. On the north side of the

forum were the office of the secretary to the senate, and the Basilica of

Paulus EmiUus. There are, however, but few remains existing of a
small number of these numerous buildings, and the greater part have
entirely disapiwarcd. A single monumental column st-inds near the
Comitium, ciilled the Column of Phocas. Besides tliese buildings,

there are remains of the temples of Fortune, Jupiter Tonaus, Jupiter

Capitolinus, and the Tabularium, though these are perha|is not within

the boundaries of the forum. (See plates in Nardlni's ' Rome,' vol ii.,

lib. v., c. 1.) A very beautiful restored view of the Forum Romanum
was ma<1e by Mr. C. R. Ciwkeroll, R.A., and a reduced view was engraved
and publiiihed, with his permission, in the xecond volume of the
' Pompeii,' published by the Society for the Difl'usion of Useful Know-
ledge, to which we refer our readers for an accurate notion of the

splendour of the accumulated architecture of the Forum and the
Capitol, and its vicinity.

The funun at Pompeii was constructed in the Greek style, and has

many Greek features. It is oblong, surrounded on three sides with rows
of columns, forming, with the advanced columns of the various buildings,

a colonnade or ambulatory ; above this there was a second ambulatory,

if we may judge from the remains of stairs at aeveral places at the

back of the colonnade. The fourth side of the forum is inclosed with
two arches placed on each side of a large hypcethrel temple, called the

Temple of Jupiter. On the west side are the prisons and the granary
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with an enclosed court before it and the prisons ; the Temple of Venus
and the Basilica ; and on the narrow side, opposite the Temple of

Jupiter, are three buildings generally considered to be the Curiae and
^Erarium : on the east side is an enclosure, the use of which has not

ICALK OF YARDS.

Plan of the Forum at Pompeii.

1, 1, Curia; 2, frarinm ; 3, Chalcldicnm ; 4, Temple of Mercury ; 5, Senaculum ;

6, Pantheon ; 7, Temple of Jupiter; B, Prison ; 9, Granary; 10, Temple
of Venus ; II, Basilica.

been determined, the ChalcidicuQi [Chalcioicum], the Temple of
Mercury, the Senaculum, and a building suppoeed to be a large eating-
house, generally known by the name of the Pantheon, in front of
which are the Tabenuc Argentarise. The enclosed area of the forum

Construction in wood and stone of the arsostyte portico of the Fonun.

o, holes for the Joists of the upper floor.

waa paved with large square pieces of marble, and the sidea of the area
were adorned with statues. Opposite the curiae and a short way from
ARTS A.tD SCI. nrv. vol.. tv.

them i.s a small triumphal arch. The forum was closed at night with
iron-barred gates, and it does not appear that chariots were admitted
into it, as the pavement of the streets terminates at the back of the
colonnade. The columns of the ambulatory are of the Greek Doric
order, and were being restored in the same style, though with better
materials, at the time the city was destroyed. The columns were
arsDostyle, and the architraves were most probably of wood, as we may
infer from their being destroyed, while the frieze and cornice of stone
remain.

FOUGASS, a small military mine, formed by sinking in the ground,
to a depth not exceeding 10 feet, a box of powder, or one containing
two or more loaded shells. The train of powder by which it is to be
fired is contained in a linen tube, and this is frequently protected by
being placed in a case of wood. A trench is cut in the ground to
receive the train, but it is subsequently filled up.

Fougasses are sometimes employed in the defence of field forts,

and then they are formed under the glacis, or on the counterscai'p,

at the points where the assault is expected : in this case generally

the train of powder is conveyed under ground to the counterscarp
of the ditch, where the fire is to be applied ; but occasionally this is

done in the interior of the work, the train being then matle to pass
under the bottom of the ditch.

Sometimes a fougass is used to destroy a small work, in which case
it is sunk within the mass of the rampart or parapet.

A stone fougass or rock mortar is formed by excavating a shaft in
the ground at an inclination of about 45°, and about 6 feet deep. A
charge of powder of 50 or 60 lbs. is placed at the bottom of this, with
a shield of wood 6 inches thick placed on it. The charge of stones is

then thrown in. There may be about 4 cubic yards of stone, each
stone or pebble not being less than half a pound in weight ; a
sufficient body of earth being place<l vertically over the stones to make
them take effect in the right direction. The charge is fired as an
ordinary fougass.

FOUNDATIONS. The surface which immediately supports a
building is technically known under the name of its foundatimi, whether
it be natural or artificial ; and from this function arise the laws appli-

cable to this particular branch of the arts of construction, namely,
that, howsoever formed, the foinidations of a building must not be
susceptible of movement of any description whatever, after they shall

have assumed the statical condition they were designed to assume
when loaded to the fullest extent. It follows from the infinite varieties

of the resistances of the apparent portions of the earth's crust under
the various forces exercised by a building, that very great differences

must prevail in the modes of dealing with foundations ; and in addition
to the difficulties attending this ])art of the science, other, and perhaps
more serious ones arise from the circumstances under which the
foundations themselves may Kave to be prepared or executed. They
may, indeed, either be prepared in the open air, or under water, or
without disturbing to any serious extent the natural compressible sub-
soil ; and they may be either wholly or partially natural or artificial.

Natural foundations require little description here. They exist

wherever the site upon which a building Ilis to be erected is situated

upon a homogeneous fonuiition of sufficient thickness to render any
lateral displacement of the bearing strata impossible. The only danger,
indeed, of this class of foundations would arise from the tendency to

such movement, and it therefore behoves the engineer or architect to

inquire very carefully into the conditions of substratification, and of

subterranean water-flow, which might be likely at any future time to

develope changes in the statical conditions of the surface strata.

Should there not exist any lower moveable beds, there .are few rocks

which may not be unreservedly trusted as foundations. Gravels,

coarse sands, loams, and clays may equally be adopted, provided they
be not unconformably deposited on the edges of a highly inclined basin

of a rocky nature. Even soft alluvial deposits, when prevented from
spreading laterally, may at times be resorted to as n.atural foundations

;

but both in this case, and in the one in which diluvial formations

occur on the edge of highly inclined stnata, care must be exercised in

the manner in which they are used. In fact, any stratum which will

support a vertical weight equal to 30 pounds upon the superficial inch
without sensible compression, after a month's trial, may be considered

fit to serve as the foundation of a building : provided always that there

be no subjacent moveable strata. The lower courses or the footings of

the building itself must therefore present a bearing surf.ace proportionate

to the resistance to compression likely to be met with in the n.itural

foundations. Even when the latter are distinctly susceptible of vertical

compression, there is, however, less danger from this cause than from
their tendency to lateral displacement, especially when they are of a

tolerably uniform chanacter ; and it is for this reason that it is essential

to isolate the bearing surface of any important structure from any
irregular or penneable strata whose particles might be dispLaced by any
n,atural or artificial changes in the hydrographical conditions of the

locality, As very few n.itural foundations are to be met with whoso
surfaces are sufficiently level to receive the footings of a building, it

has been customary of late years to fill in their depressions (to rcgu-

l.irise them, in short) by sprea<ling a bed of concrete over them ; and
it may bo received as a tolerably safe generivl rule, that every rock,

gravel, or clay formation will resist a vertical crushing weight which

may safely be brought upon the surface of the concrete itself. Of
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eoone the rcsMaiMe of that maUrUl will depeixl uptm the nature of

the lime or cement of which it ia oompoaed ; but as, under ortlinary

cbeomatancw, the oooeretea made with Um moderately hydraulic limra

Mftl alt the requinte omdititiMi, ita raaiataiMa may he taken an the

Urait of the akfety load it ia deaitable to bring npon a natural foundation.

Vieat eatimatea it at about 80 pounda per miperficial inch, after the

Ume haa had time to aet barir.

Fousdationa may be aaid to be partially natural, when the inequalitiea

of level of the ground on whidi the building is about to be erected are

ao great aa to require that they diould be compensated for by the
inteipoaitlon of aome extraneoua luhataiioe ; or when the reeiatance of

the natural aur&oe would not be anfBcient to enable it to support the
superiDcumbeot weight. When the former of theee conditions pre-

Tula, it ia enential that preoautiona should be taken to obviate any
danger which might arise from the moTementa of a different nature

Vkuf to occur in the natural and in the artificial portions of the
foundations. When the latter condition occurs, the modes of dealing

with the foundations so closely resemble the onea it is advisable to

adopt with the more exduaively artificial class, that they are at once
referred to it Strata which are exposed to lateral displacement fre-

quently require the execution of works of so complicated a nature,

before a building can safely be erected upon them, that they can
hardly be considered to belong to the category of the partially natural
foundations, even when the natural surface of the ground is but slightly

altered.

Artificial foundations are those which are required when the strata

occurring at the surface of the ground, u|)on which it is proposed to

erect a building, are of a highly compressible or of a moveable nature,

and of sudi a thickness as to render it dangerous to bring a heavy load

npon them, and impossible to remove the bulk of the soft material
which thus covers the harder stibsttatum. These conditions tioually

occur in situations wherein the surface stratum is composed of alluvial

matter, or upon the shores of the sea, of lakes, rivers, or in morasses,
peat deposits, &c., and the ordinary difficulties attending the execution
of foundations in such positions are increased by the necessity for

dealing with the water which accompanies thoee deposits. The nature
of the works required to form artificial foundations will therefore

depend mainly upon the question as to whether or not it be necessary
to execute them in the open air ; and when it is possible to avoid
laying dry the surface to be o]>erated upon, it l)ecomcs important to

consider the effect of the water upon the durability of the materials

which enter into the composition of the artificial foundations them-
selves.

In such cases as thoee which occur near the embouchures of the
European rivers, where in fact a fine alluvial clay, siifficiently mingled
with sind to allow water to permeate the mass, commonly overlies a
more ancient and denser geological formation, it is customary to form
artificial foundations by means of piles or baulks of timber, which are

driven vertically, wherever it is possible so to do, through the alluvious

into the harder substratum. Sometimes these jtilos act merely by the

oompreesion they produce upon the ground into which they arc driven,

but as a general rule they serve to support the superincumbent weight,

omewhat in the manner in which pillars would do in the open air.

In the former of these cases, the number of the piles is the most
important consideration ; and, as the resistance they have to overcome
in driving is insignificant, their shape is a matter of indifference ; nay,

it may happen even that (as near I'Orient, where artificial founil.itious

have been established upon soft mud of practically indefinite thickness)

it would be desirable to drive the piles with their butt end downwards

;

—to trust, in fact, to the friction upon the sides of the pile for the
limited degree of stability to be thus obtained. In the latter case, or

when the piles have to transmit the weight to the resisting substratum,

H is necessary to projiortion the length and the transverse section of

the piles to the load, and to cut the driving end in such a form as to
ansore their entry into the bearing stratum. As they have to over-

come oonaiderable reeistanoes in the course of their descent, they
require to be shod either with cast or wrouglit iron, and to Ije hooped
or hound with iron at the heads. The necessity for the latter pre-

caution increases with the violence of the blows struck upon the head
of the piles ; and it has been even found that when tne Nasmyth's
hammer haa been used, the freauent heavy blows at times either

derelope so rapid a compreaHon of the fibres as to set the piles on fire,

or they beat the heads into a spongy mass. The piles are also occa-

sionally exposed to be split, if the shoe should encounter any very hard
nbstance rn ita detoent.

The description of wood used for piles ought to be a matter of

erious consideration to the architect or engineer. Fir timber resists

alternations of dryness and moisture better than cither elm or beech
(which are the other woods employed for this jiorticular purpose) ; b>it

if it should contain much sap at the time of its being driven, the fir

will rapidly decay. Beech resists the constant action of wator, Ijut iif

it should l>e ex]ioacd to alternations of dryness it will rot ; whilst elm
timber present* an intermediate degree of durability under those cir-

cumstances. The boring worms constitute, it iruiy be observed, one of

the most fatal sources of danger to piles driven in the districts where
theae creature* abound, and thev have naturally exercised the ingenuity

of both thearatjeal aad practical men to devise some protection against

them. Sometime* the whole sorfaoe of the pile* is, for this purpose,

studded with copper nails ; at others the wood is steeped in a variety
of solutions, Kuch as oreasote, or corrosive sublimate ; but unfor-
tunately it does not seem to be poadbie to depend on the siieceeiful

results of any of those operatioM. [Pbolaoisx, Tertdo, in Nat.
Hist. Div.j It is said that the grttit heart is the wood which is the
most free from the attacks of theae destructive creature*, and that
creaaoting ordinary timber to some extent guarantee* its immunity.

Pile* are known by distinct names, according to the poaiUon they
may occupy in a foundation. Thus, the pile* which define the limit*

of the ground to be inoloeed are known a* the ffvage pile*. When the
space lietween the guage piles is filled in with other piles of the same
scantling, the latter are called date pita ; but if they should be of less

thiolme**, they are called tktet piU$, All these piecM of timber are
tied together with horizontal maltt, or by cross braces. Uenerally
speaking, in foundations intended to support heavy structures upon
very soft strata, an incloeure of either dose or sheet piling is driven all

round the intended situation; and then isolated piles, of about 12 or
1 4 inches square, are driven at distances of about 8 feet from centre to
centre. Upon the projecting ends of theae piles sleepers are laid, and
close plankmg is fixed to thnn. At the present day, the heads of the
piles and the sleepers are bedded in concrete, which is carefully rammed
up to them, and levelled to receive the close planking. In many cases,

also, in England, the planking is replaced by a layer of Yorkshire
landings. In driving the piles, it is desirable to work from the outside,

inwards ; because in that manner the compression of the ground pro-

duced by the mere act of driving the piles tends to increase the solidity

of the lieariug surface. No notice is taken, however, of the lulditional

strength thus obtaine<] ; but the load to be brought upon the piles ia

calculated as though they were intended to support the weight in the
air without any lateral support. EvidenUy, under these circumstances,
the safe load a pile may bear will depend upon the length of the pile

itself. In practice, this consideration is frequently neglected, and con-

structors content themselves with the rough general rules, " that the
diameter of a pile should lie g^th of its length, ."md that the safety-load

of such a pile should be about 400 lbs. on the superficial inch of the
sectional area." Under no circumstance*, however, should pile* of less

than 7 or 8 inches in diameter be used.

The piles themselves are driven by several descriptions of engines,
according to the resistance to be overcome, and also according to the
magnitude of the work. If the piles have to be driven in soft uniform
ground, such as that which is usually met with in the Feu districts of

the eastern counties, or in Holland, the old-fashioned ringing engine
will sufiice ; but if the ground should become gravelly, it may be
necessary to use the heavy monkey worked by a crab, or the Nasmyth's
hammer, or the pneutimtic pressure ui>on the system of Dr. Potts's patent,
or upon that of the adaptation of compressed air ; although perliaps the
two last-named methods of forming foundations are more particularly

applicable to tubular foundations than to piled ones. The weight of

the monkey used in ordinary ringing engines is alioiit 12 cwt., and the
fall attainable is about 4 fcot or 4 feet 8 inches ; in the case of pile-

engines worked by machincrj-, the weight of the monkey varies from
16 to 22 cwt., and the fall ranges between 12 and 18 feet; in the
Nasmyth's hammers, the monkey is made from 32 to 45 cwt., but the
fall does not exceed 2 feet 6 inches. But whatever may be the machinery
adopted for the pile-driving, that operation must be continued until

the pile refuses to advance under a certain effort, depon<lcnt upon the
nature of the effort itself. This is usually fi.'ted, empirically, as follows

:

Assuming that the weight to be brought u)Kin each pile is 25 tons, the
pile is considered " to refuse " when a scries of thirty blou-s from a
ringing engine, with a monkey of 12 cwt. falling through a height of

4 feet, will not cause it to advance more th.Tn half an inch ; or when a
aerie* of ten blows has been given by a monkey of the same weight
worked by a crab, and falling through a height of 12 feet ; or when
a series of seventeen blows from a Nasmyth's hammer, weighing
84 cwt., and falling throiigli 2 feet 6 inches, has been given, without
prwlucing a greater advance.

In the system of foundations known by the name of Dr. Potts's

)>atent, the piles at times act in a manner which mokes that word
inapplicable to them ; for they faeoome, indeed, wells, or tulies, subse-
quently to lie filled in with concrete. "Thus Dr. Potts used occasionally

small piles of wrought iron ; but at other times, and as a m.itter of

choice, ho used large ones of about 6 or 7 feet in diameter ; but l>oth

the large and the small pile* bore upon a sharp continuous edge, instead
of upon a point, as in the case of ordinary solid pilct. The descent of
the tube* was jnvduced by the application of pneumatic preamire

;

there was fitted upon the head a caat-ir<in plate, the air was then with-
drawn from the interior, and the pressure of the atinonpherc upon the

cap, forced the tiilx- into the ground, until the air in the interior was
compre**ed sufficiently to resist the pressure on the cap. The earth
was then removed tram the interior of the tube, and, when the

latter had been nmk deep enough, the interior was filled in with
concrete.

A curious method of founding bridge* upon deep sands is used in

India, to which attention may be called here. It coufIhI^ in sinking
brick linings in all rrsjiccta like those used in wells, and theae Unings
are sunk in precisely the same manner. The brick-work is built upon
a wooden curb, and the ground in the interior and u|>on the curb is

then removed, just as is done in well-siuking ; and the interior is sub-
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seqiiently filled in with rubble or with concrete. It is said that the

Indian divera carry on the operations of sinking these lininga under

great depths of water. A good description of the mode of executing

the Indian well foundations will be found in the ' Excerpt Miuutes of

the Institution of Civil Engineers,' for May 12th, 1857, and in those

for February, 1842.

The greatest improvement which has lately been introduced in the

method of founding important structures, in situations wherein the

natural surface of the ground was not adapted to receive them, is,

perhaps, the system adopted in founding the bridges of Rochester,

Saltash, of the Quarantaine at Lyons, Macon, Bordeaux, Kiel, and
Szegedin. In these cases, large tubes were placed in the positions

designed for the piera, and an air-tight lock, or chamber, was formed
at the top, through which the workmen and the materials were passed.

The earth within the tube was dredged out as far as jx)S3ible by the

ordinary processes ; and, the various valves being closed, the water

was forced through a syphon pipe by compressing the air in the inte-

rior. A pressure of one atmosphere (above that of the external air)

was usually found to be sufficient for this purpose ; but, in order to

prevent any rising of the water, or any blowing of the sand, the air in

the interior of the cylinders was compressed to about three atmospheres.

The workmen then passed to the bottom of the seating, and removed
into buckets, which were extracted through the air-locks, the earth

which rose above the edge of the tube ; and when subsequently the air

in the interior was reduced to its normal pressure, the mere weight of

the tube and the machinery uiwn it caused the tube itself to descend

in a manner analogous to the descent of a well-curb. In the Rochester

and Saltash bridges the tubes were sunk through the permeable,

moveable strata <mtil they reached the rocks able to constitute a

natural foundation. In the Szegedin Bridge, however, the tubes were
merely sunk so far as to obviate any danger of,the undermining of the

foundations by the action of the river, and a piled bottom was formed
in them to receive the concrete. In some cases the tubes were formed
of wrought, in others they were of cast iron.

One curious observation was made on the occasion of an accident to

a tubular foundation of this description at Macon. A barge drove

against a cast-iron tube, and broke it ; and on attempting to repair the

damage so done, it was found that, although the upper portions of the

concrete filling (which had been executed with mortar made of the

best hydrauhc lime) had set, nevertheless the portions which had
been immersed in deep water had not commenced to soUdify. It

would thence appear that there are some hitherto unexplained con-

ditions, with respect to the solidification of mortar under great

hydraulic pressure, to which the attention of engineers requires to be
directed.

The various descriptions of artificial foundations mentioned above,

are supposed to be continued to such a height above the water-line of

the neighbourhood, as to allow the superstructure to be erected in the

ordinary manner. In tidal rivers or in streams exposed to floods and
sudden changes of level, it is however often deeu«ble to carry the

bottom courses of the substructure to such a depth below the normal
water-line, as to obviate any danger from the removal of the sand, or

earth beneath them. If the depth requisite for this purpose should

not exceed 8 feet, a simple dam of impermeable earth will suffice to

protect the works, and to allow the workmen to lay the masonry in the

dry. But in such rivers as the Thames, where the tide rises from 14

to 18 feet, it becomes necessa^ to resort to the use of Coffer Daks
when it is required to carry the springing courses to any considerable

depth below the low-water line. A description of these structures has
already been given ; as also has been given a description of the

Caissohs bo much employed in the course of the last century ; but it

may here be added that the practice of engineers at the present day is

decidedly to avoid the execution uf either of these methods of forming
artificial foundations, on account of the expense of the former, and of

the uncertainty of the latter. The system now most generally

adopted is to inclose the site of the intended structure with a close

sheeting, to dredge out the interior very airefully, and to fill in the
space thus formed with piles or concrete. Evidently the stability of
a foundation of this description must depend upon the depth to which
the protective sheeting is driven ; it must be carried below the
extreme range of the scouring power of the river.

Of late years cast iron has been very successfully substituted for
wood in the piles and plates, or sheeting, intended to inclose an
artificial foundation. Examples of this description of structure are to
be seen at the Blackwall Railway Quay, the Victoria Docks, Ac.
When buildings are to be erected upon soft compressible peat,

and the hydrographical conditions of the district are not likely to be
changed, it may suffice to inclose the whole area of the foundations
with atpiled or plated sheeting, and to repUce a portion of the peat
by a layer of sharp silicious sand. In fact sand to a great extent acts
like an incompressible fluid under a heavy load, and the efTort

exerted npon one portion of the surface is distributed over the whole,
provided the sand be prevented from spreading. Care must, however,
be taken that the subjacent peat should not be subject to lateral
dispL-icement, and that whatever compression may take place should
forcedly take place in a vertical direction. The seatings of some of
the German railways, carried over the immense peat bogs of that
country, are occadoiukUy thus formed upon pillars of sand, formed by

filling livrge square holes sunk through the body of the peat itself ; and
in .some other instances' holes were bored through the peat, and sub-
sequently filled in with sand.

A method of forming artificial foundations was formerly much
resorted to iu the neighbourhood of London, and in other analogous
positions, in which the superstructure was carried upon timber plat-

forms so designed and put together as to distribute the weiglj|b

over a very large area. The success of this system depends, firstly,

upon the strength of the platform, which must be sufficient to resist

the partial actions of the load ; and secondly, upon the durability of

the platforms themselves. If any change in the conditions of the
moisture of the ground should take place, by improved drainage, or

otherwise, the timber may rot, and of course the building erected upon
it will be dangerously affected. This danger, it may be added, is far

from an imaginary or theoretical one ; for in the southern districts of

London the changes made of late years in the sewerage have so

modified the ordinary state of the siu'face strata, that the old timber
platform foundations are generally decaying.

Whatever may be the description of artificial foundations used, or

whatever may be the character of the natural foundations resorted to,

it is essential that the weight of the superinciunbent structure should

be distributed in the most regular possible manner, over tlie whole
ijearing surface of the foundations. It is for this purpose that the

best builders make a practice of carrying the lower courses of their

structures, evenly, under all the walls, and of executing them with
the largest and most homogeneous materials they can obtain. The
footings, as these lower courses are specially called, are made wider
th.-m the upper work, and even when large openings have to be made
in the elevation, the weight thus thrown upon the piers, by the sides

of these openings, is distributed over the whole area of the footings by
meaus of inverted arches. In countries where brickwork is principally

used, and where cement is accessible, it is often customary to intro-

duce, immediately above the footings, a deep band of brickwork in

cement, which serves not only to tie together the mass of the wall,

but also to intercept the capillary action of the materials of the upper

wall upon the moistiire iu the ground. Where, however, tliis system

cannot be carried into eftect, it is essential that precautions should be

taken to ensure the strength of the masonry in this part of the

structure, and to distribute the effort exercised upon any one portion

of it over the widest possible area by the use of the largest blocks in

the footing courses. These courses, it may be added, should be made
to project on either side of the vertical walls, and to present a number
of sets-ofi' proportionate to the weight and character of the super-

structure. The width or projection of each set-ofi' should in no case

exceed the height of the course itself ; but perhaps the most

important general remark to be made upon this branch of construction

is after all that the materials used in the footing courses should be of

the hardest and most impermeable descriptions, and those which would

be the least likely to decay under the action of alternations of dryness

and humidity. The durability of a building in fact depends so much
on the measures which may be taken to prevent the absorption of

moisture by the foundations, that it is impossible to exaggerate the

precautions to be observed in the selection of their materials. [Limes ;

Materials for Building.]

FOUNDING ; FOUNDRY. Founding or easting is one of the

mechanical arts which embraces all the operations of reducing ores,

and of smelting and casting metals. There are various branches of the

art ; and some difference prevails in the minor details of the processes

—as in iron-founding, brass- and bronze-founding, cannon-founding,

type-founding, and bell-founding. The finishing operations of chasing,

burnishing, plating, &c., are also parts of the founder's art. Under

the names of the chief metals, as well as in such articles as Bell,

Cannon, Ttpe, &c., various processes of founding are described ; in

the present article we shall treat of the general features of the art,

especially in connection with large iron castings.

It is certain that the art of founding is of very high antiquity.

From the passages in the Old Testament referred to under Bronze, we
find that Tubal Cain was skilled in working in metals, and that the

arts of metalliu-gy were known and practised very extensively by the

early IsraeUtes. The extent to which metal-working was carried on by

the ancient Egyptians, Assyrians, Phoenicians, Greeks, Etruscans, and

Romans, and the excellence to which it was occasionally carried in the

fine arts, are too well known to need further observation in this place

:

a general history of it, as a branch of sculpture, has already been given

in the article Bronze, which also contains some notices from the

ancient writers on the different methods adopted of solid hammer-

working, haramer-work in plates, and casting; as well as on the

varieties and composition of metals. In all the practical points of

ancient founding our information is however very limited ; the writers

of antiquity having confined themselves, generally, to a description of

finished productions, and leaving us little or nothing by wliich we can

judge of the mode of working.

It appears tiiat furnaces of considerable size, and producing a great

tonnage of metal, were constructed in this country as early as the

reign of Elizabeth; but it was not till the beginning of the 17th

century that there was effected any great change in the character and

importance of founding. Prior to that date all the oi)erations of

melting, &c., had been performed by means of wood fuel ;
but the
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demuu) for varioiu object* in maUl wm now so grMtly inoraaaed that

M WM erident, tint from the oanmmption of timber for Uie foundries,

and ui>xt from tlie destniotioo of foreeta in conaequenoe of the agrioul-

tuml iui]>ri>vem«nts wliioh were taking place in variouB parte of Uie

country, tlut tliia provision must soon prove insufficient to meet tlie

wants of the tnde. It was then that the attempt was made to briug

c<wl into use; and it is curious at this time to know how much
UtUculty. first from if^norance of its real value in the operations of

metolliu^, and then from prejudice against such an innovation upon
the old habit of burning wood only (to which must also be added the

interference with the interests of wood monopolists), was thrown in

the way of its introduction. One of the earliest and most zealous

advocates for its use, Dudley, had all his worka destroyed, and was
nearly ruined by the violence of his opponents; but at length tbu

employmout of coal was fully established ; and from that time the

rapid advance of the iron and other metal works of this country may
be dated.

We have stated the chief reason fco' having recourse to the coal-

mines fur fuel to have been the apprehension that the supply of wood
fuel would fail. It is important to bear in mind, however, that, but
for this well-girounded fear, wood or charcoal would always have been
preferred for many of the operations of^metallurgy ; from its being less

objectionable, as regards its chemical composition, than coaL The iron

that is smelted in Sweden by wood fuel is considered a superior article,

and is much sought after ; and the smelters in this country find it

necessary to char or coke the pit and sea'<K>al which they use, in order
to adapt it to the purposes required. [Coke.] We shall now glance

rapidly at some of the operations in the reduction of the ores of the
four metals which are produced and worked m the greatest abtmdance
in this country—iron, tin, copper, and lead : referring the reader to the
articles under the names of those metals for further details.

Iron is obtained from a very abundant ore in this country, namely,
the common ironstone of our coal-measures. For the reduction of the

ore to a metaUic state it is necessary to add a certain quantity of lime,

which acts as a flux ; and it is worthy of remark that, while the ore

itself from which the metal is produced, and the coal for smelting it,

are found together, the limestone by which its reduction is facilitated

usually abounds in the lower regions of the carboniferous strata.

Sometimes, as in the great coal basin of South Wales, a bed of mill-

stone grit capable of enduring the fire, and used in constructing the
furnaces, is also found in connection or alternating with the iron ore

and limestone. The first operation the ore undergoes is roattitui. This
is done in various ways, both in this and in other countries. Some-
timos it is conducted in kilns, sometimes on the ground in the
open air. The first method is by heaping the iron ore on a mass of

ignited coal. In the other, a thick layer of ironstone, broken in pieces,

is placed upon a bed of coal, wood, or charcoal (on the continent

wood or charcoal is always used), 6 or 8 inches thick, and covering an
area of several yards ; upon this another layer of fuel is placed, :md
then another pile of ore, which dimimshee both in area and thickness
towards the top. The whole is then covered with small coal or char-

coal dust till it reaches some feet above the ground. The lower
stratum of fuel is then lighted, and by degrees ignites the whole mass.

In the course of a few days the ironstone becomes cool, and the
sulphur, arsenic, water, and inflammable matter being driven off, it is

fit for smelting. It is then placed in a furnace, with fuel and lime-

stone in determined proportions. At Dudley, in Staffordshire, for

2\ tons of roasted ore, which affords a ton of cast metal, 19 cwt. of

tnnsition limestone are employed as flux. ,In the course of a few
hours the whole nms down, and the iron is melted, and in that state

is allowed to flow into furrows made in sand, where it forms what is

termed pig-iron ; or it is poured into moulds where it forms the various
articles of cast-iron ware. There are various sorts of cast-iron, but
it is usually divided into three classes relatively to its colour and
qualities, which are in this country called numben one, tioo, thru;
sometimes more descriptive names are given to the diflerent qualities,

as mooth-faced. gray, white, forge pigt, ballatt-iron, 4c., Ac. Cast-iron
is converted into &ar-iron by smelting it by means of charcoal, when
it is Welded and hammered ; of this there are also varieties, of which
the toughest, called stu^iron, is used in forming fowling-piece barrels.

It is made by inclosing old horse-shoe nails tightly in a broad iron
ring, generally made of Swedish iron ; a welding heat is then applied,

and uie whole mass is hammered till by degrees the nails and ring
become completely united : it is then drawn into bars, which make on
iron of peciUiar closeness, toughness, and malleabiUty. These matters
are further treated under Ibom MANtjFACTCBE.
The best ore of tin is found in ComwalL It is commonly blasted by

gunpowder, and in procured in pieces of considerable size, which are
aUmped to powder by beams shod with iron : it is then well washed
till the earthy particlea are carried off, and the tin is fit for the smelt-
ing house.

_
After being roasted in a reverberstory furnace, and again

washed, it is a second time subjected to the furnace, being now mixed
with small coal, and in some cases, with a small quantity of lime. The
melted tin thus pnxluced is at last placed in a small furnace and
exposed to a very uvntle heat, when the purest portion melU first

•od ia drawn off. This is called common grain tin ; and the inferior,

which still contains a small proportion of copper and arsenic, is

then caat into pigs called block tin. The finest grain tin is procured

from the stream works of ComwalL Good stream tin affords from
6S to 76 per cent, of the best grain. For the details of operation,

see Tim.

The reduction of copper ore is made by several consecutive pro-

ceases. The first is by calcining it, and when the ore is sufficiently

rootled to oxidate the iron which it contains, it is melted. The
melted metal is after a time suffered to flow into a pit filled with

water, by which it becomes granulated. It then undergoes further

heating, and what ia called technically its Uag (or sooria) is taken off,

and it is again allowed to run off iuto water. After other nearly

similar processes the copper is cast in sand, when it becomes solid, and
in this state is called Uielered copper. It is now fit for what is termed

the refinery, and undergoes an operation called refining or toughening.

This is an operation of delicacy, requiring great skill and care in the

workmen. The refining is conducted in a furnace similar to the

melting furnace ; the object is to thoroughly purify the metal from
any portions of oxygen, which is iierformed by adding charcoal to the

copper while it is in fusion, and stirring it occasionally till it is judged

to be pure. The chemical relations of this process are noticed under

CoPi'EK. When tin is united with copper, it forms the compound
called bronze. [BitoKZE.]

The greater part of the lead met with in England is procured from
a substance called galena, in which it is found combined with sulphur.

There are, however, other ores of lead. The galena, being freed by
hammering it and by the hand from whatever impurities can be
separated from it by those means, is broken up into small pieces, and
after repeated washings is placed in a reverberatory furnace ; but only

sufficicntiy heated to drive off certain ingredients without melting the

lead itself. The roanting being finished, charcoal is added till the

reduction is completed. The lead, after the tlag has been removed
from it, is suffered to run out of the furnace into a pan, and being firiit

skimmed is ladled out into moulds and left to cool. There are various

methods adopted in different places and under different circuiustances

for procuring the metal from the ores : these will be found succinctly

noticed under Lead.
The furnaces that are used in founding are chiefly of two kinds, and

though strictly speaking both are air furnaces, yet they are distin-

guished as air or uind furnaces and blast furnaces. The first acta by
a draught through a chimney ; whereas in the other the air is forced

into the body of the furnace by means of bellows. The forms and
relative proportions of the diflerent jmrts of the furnace, and par-

ticularly the size, elevation, and direction of the chimnics, and the

dimensions and space of the flues when these are required, are of

great importance; the volume and intensity of heat and consequent

certainty of the operations depending in a great measure on the know-
ledge and science displayed in adapting the parts to each other. The
chief points of difference between wind, blast, and reverberatory

furnaces are describe<l under Fl'rn.\ce.

Founding is practised either by melting or casting any quantity of

metal in the solid, or with a core (by means of which the metal is

pre8er\'ed of a determined thickness or substance), or in plain casting.

Before any object can be cast in metal it is necessary that a model of

it be prepeired. The models may be made of various substances ; clay

or wax, or sand with clay, are those usually employed, but they may
also be of wood, stone, or any other materiaL Upon those models

moulds must be made ; these are commonly composed of plaster of

Paris mixed with brickdust, sometimes sand, or sand with a mixture

of cow-hair. For moulds for iron and brass work a yellowish sharp

sand is preferred, w^hich is prepared by mixing it with water and then

rolling it on a flat board till it is weU kneaded and fit for use. Thi.i

process is called, in technical language, letcitig. If the model is

cylindrical, or of a form that admits of such a process, it is moulded
or cast in two pieces ; these two parts are then carefully joined toge-

ther, and the edges or seams trimmed. This doubling is an easy and
cheap mode of execution, and only requires care to be successful For
the smaller class of works, instead of melting and running the metal

at once from a large furnace, earthen crucibles are used, iuto which

the metal is thrown in small pieces : the crucible is placed in a strong

heat in a close stove, and as the metal is melted and sinks more is

added till the vessel is full. It is then lifted out by means of iron

instruments adapted to the purpose, and the metal is poured from it

into the moulds, in which channels or ducts for receiving it have been

previously made. There is one great advantage in using crucibles

;

namely, that the metal may be carried in them to any part of the

foundry, whereas in general it is essential to have the moulds and the

furnace close together. It is obWous however that melting metal in

crucibles can only be practised where the casting is on a comparatively

small scale.

In noticing the different ways of casting, mention has been made of

one in which a core is used, and which may require some explanation.

The corf, as its name denotes, is a part or portion situated within the

body of the oast ; and its purpose in founding is to form a centre to

the work by which the thickness or substance of the metal may be

regulated. In coring, the mould must first be made comjilete ; into

this, clay or wax, or any other fit substance or material, is then

squeesed or pressed in a layer of uniform thickness; in large works it is

usually from half an inch to an inch thick. This layer represents the

metal. The mould, if in parts, is then to be put together, the above-
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mentioned layer being left within it ; and into the open space in

the centre a composition (usually of plaster of Paris with other sub-

stances mixed with it) is introduced, and made to adhere to, or rather

is filled up to the clay or wax. This is the core, and it is often made
to occupy the whole interior of the mould. When this is set, or dry,

the mould is taken to pieces and the material which has been made to

represent the metal removed. The mould is then again put carefully

together round its core or nucleus, the two portions being secured
from contact by stops and keys properly arranged for that purpose. It

is now obvious that when the mould is plac»l, with its channels and
ducts, to receive the metal, this latter can only enter the interstice or

space between the outer mould and the inner core ; and thus, by an
ingenious and simple contrivance, the cast is insured of sufficient sub-

stance to answer every object required, with, at the same time, a great

saving of metal and reduction of weight.

In all these operations it is essential that the mould and the cores

be perfectly free from moisture ; seeing that the sudden and violent

eximnsion of air that is at all damp, upon the heated metal flowing

into the mould, would cause it to burst, to the destruction of the work
and the great danger of the workmen. In order to guard against this,

the moulds and core are usually placed in an iron closet or drying-

stove, in which large fires are constantly kept up, and from whence
they are not removed till it is ascertained that they are perfectly dry,

and just before"they are required for the casting. The moulds and cores

of works of large dimensions are usually strengthened with bars and
hoops of iron, to prevent them from springing or changing their form
during the drying, and during the necessary moving and shifting about
in the foundry. AH that is now necessary before casting is to cut the
channels or ducts for the metal to penetrate easily and quickly into

the mould ; and to place the mould conveniently with respect to dis-

tance and inclination from the furnace. The first operation is easily

performed ; the founder takes care to distribute the channels, both in

number and in their size (or width), according to the parts of his work
into which he requires a greater or less volume of metal to flow, and
also, if the object be of great extent or complicated form, that the
diiferent parts of the mould may as nearly as possible be filled simul-

taneously ; it being most desirable that the whole gtlto, or cast, should
be made before the metal in any of the parts has time to settle or lose

its fluidity. Other channels are also made fur allowing the air to

escape as the melted metal enters the mould ; these are called vents,

and are very necessary where the works are on a considerable scale.

With respect to placing the mould, it is only important to secure a
sufficient inclination of plane from the mouth of the furnace to the
mould that the metal may run easily and iminterruptedly, and not
have time to grow cool and therefore sluggish. The usual method in

great bronze works is to bury the mould in a pit a little below the
level of the furnace, and by ramming sand firmly round it to insure

its not being afiected by any sudden or violent shock, or by the weight
of metal running into it. When everything is ready, and the metal
found to be in a state fit for running, the orifice or mouth of the
furnace (which is usually plugged with clay and sand) is opened, when
the metal descends, and in a few minutes the mould is filled. The
metal is allowed to run till it overflows the mouths of the channels
into the mould. The work is then left to cool, after which the mould
is scraped or knocked off and the cast undergoes the necessary pro-

cesses (such as cleaning, chasing, &c.) to render it fit for the purpose
designed. The variations which the processes undergo, in treating

different metals and manufacturing different articles, will be found
noticed under Bell, Brass, Brokze, Canno.n, Iron Manhi-actdre, &c.

Among the most remarkable modem specimens of founding, for their

vastness of size and weight, are the cylinders and cranks of the Gnat
£<utern ship ; the iron tables fur some of the plate-glass manufactories

;

the bed-plates for the larger kinds of machinery ; some of the mortars
on which such large sums of money have lately been unprofitably

expended ; and the two unfortunate bells for the Westminster palace.

As was said under Bronze, the largest castings for fine arts purposes
are frequently not made in a single piece ; thus, the largest bronze
statue of modem times, the colosml figure of 'Bavaria,' 61 4 feet in
height, placed in front of the Riiluneshalle, near Munich (modelled by
Schwanthaler and cast by Fras. Miller at the royal foundry), was made
in many pieces ; and the largest of those did not nearly equal in weight
the masses of iron above adverted to.

We may briefly notice here a method introduced in 1859 by Mr.
Jobson, for casting shells and other articles. The pattern is made
with arms carrying pins or projections, entering sockets in the plate on
which the casting-box is placed. When the pattem has been correctly
adjusted upon the plate, the pins and the ends of the sockets are filed,

so as to make the ends of the pins and those of the sockets coincide

;

this ^ords a test for the workman to judge of the accurate adjustment
for each casting. To facilitate the introduction and removal of the
moulding sand, apparatus is arranged whereby the sand is shovelled
upon sieves, which are worked mechanically ; the sand is damped and
sifted, and is carried by a sort of Archimedean screw to the mixer,
where fresh sand and other matters are added, and whence the sand is

conveyed through another trough by a screw into a position to be
used by the moulder. In instances where heavy casting-boxes are
employed, a peculiar form of crane is used ; it consists of a (Quadrant,
a chain or band {>assing over the quadi-ant, and a train of rack-and-

pinion work ; by this agency the box is raised, lowered, and moved
laterally, with much faciUty.

For the various processes to which metal is subjected after founding,
see Chasinu ; Embossing ; Lacquering ; Soldering, &c.
FOUNDLING HOSPITALS are charitable institutions, which exist

in most large towns of Europe, for takiug care of infanti forsaken by
their parents, such being generally the offspring of illegitimate con-
nections. These institutions date from the Middle Ages, and were
estabhshed for the purpose of preventing the destruction of children
either by actual violence or by being exposed in the streets or high-
ways. Among the Romans and other nations of antiquity, the ex-
posure of children by poor or unfeeling parents was a frequent practice,

and was not punished by the laws. After Christianity became the
religion of the empire, it was forbidden by the Emperors Valentiuiau
and Gratian. At the same time, the greater strictness of the laws con-
cerning marriage and against concubinage, the religious and moral
denunciations against unwedded intercourse, and afterwards the obli-

gatory celibacy introduced among the clergy, and the severe penalties
attending its infraction, all tended to increase the danger to which
illegitimate infants were exposed from the sentiments of fear and
shame in their parents. Child-murder and the exposure of children
became nearly as frequent in Christian countries as they had been in
Heathen times, only the parents took greater care to conceal them-
selves ; and humane individuals in various counties began to devise
means to collect and provide for the forsaken infants found in the
streets. In this, as in other acts of charity, ecclesiastics stood fore-

most. At Rome, Innocent III., in 1198, when rebuilding and en-

larging the great hospital of S. Spirito, allotted a part of it to the
reception of foundlings, several infants having been found drowned in

the Tiber about that time. This asylum for the "esposti," or found-
lings, was afterwards enlarged and endowed by subsequent popes, and
the institution was adopted by degrees in other cities. It was thought
that by providing a place where mothers might deposit their illegiti-

mate children in safety without being subject to any inquiry or
exposure, the frequent recurrence of the crime of child-murder would
be prevented. For this purpose a turning box was fixed in an opening
of the wall in a retired part of the building, in which the child being
deposited by the mother in the night and a bell being rung at the same
time, the watch inside turned the box and took the infant, which
from that moment was placed under the protection of the institution,

was nursed and educated, and afterwards apprenticed to some trade or
profession. Those parents who were in hopes of being able to acknow-
ledge their child at some future time, placed a mark or note with it,

by which it was afterwards known when they came to claim it, and
it was then restored to them on then- defraying the expense incurred

for its maintenance.
In France, the philanthropist Vincent de Paul, the founder of the

Society of the Missions in the first half of the 17th century, exerted
himself to found an asyhun for infants, which were at that time
frequently left to perish in the streets of Paris. It was at first

supported by private subscriptions, but afterwards was made a national

establishment—" Hopital des Enfans trouvds." Similar institutions

were founded in other great French cities. Mortality appears to be
very great in most foundiling hospitals of the continent, owing to care

lessness, mismanagement, or want of sufficient funds for the adminis
tration of those institutions. The infants are given out to cheap
nurses in the country where a great number of them die. At the

same time, it is remarkable that the number of illegitimate births has
greatly increased over all Europe.

The principal objection th.at has been raised against foundling

hospitals is, that they tend to increase the number of illegitimate

offspring. In London, the institution of the Foundling Hospital,

though it seemed to have prevented the exposure or murder of

infants for a time, was found to produce such ill effects, that the

object of the foundation was materially changed, and it is now a
receptacle for illegitimate children on the application of the mother,

who must prove the abandonment of it by the father, and whose
character otherwise must be a good one. One distinction ought to be
made, namely, that in countries where there is no legal provision for

the poor, foundling hospitals appear to be more necessary, or at least

less objectionable than in those where the mothers of illegitimate

children, if unable to support them, have, like other destitute persons,

the resource of the parish poor-house. It must also be observed that

mothers of illegitimate children often neglect their unfortunate

offspring, and are ill calculated by their habits to rear them up so as

to make of them useful and honest members of society.

FOUNTAIN, a jet or jets of water, flowing either naturally out of

the earth, or from structures formed by art. Artificial fountains con-

sist of water flowing from vases, statues, sculptured ornaments, or

. . architectural buildings combined with sculptured figures and other

ornamental decorations.

Many ancient Greek cities were decorated with fountains. Pausaniaa

informs us that Corinth was adorned with several fountains ; and he

mentions one in particular which stood near the statue of Diana, repre-

senting Pegasus, with the water flowing through his feet (11. 3, 6).

He describes another as consisting of a bronze Neptune seated on a

dolphin, from the mouth of which the water issued (ii. 2, 8). Fron-

tinus, who lived in the reigns of Nerva and Trajan, was superintendent
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of til* founUia* kt Kotue, utd wrot« a work, ' Da Aqiwductibiu Urbia
Kama ConuiMntuiui,' in which be tr«aU, amoiig oUmt things, nf the
dktributiaii ol the watan of foualaina. Tha pubiio fountains of
P«krap«ii, aome of wbidi ai« almoat parfact, avinoa Ote knowladga which
tba andanu pnaifaJ of tha propartjr of water to riae to it* leral, and
their praotioal application of tha principla.

BcctioD of Feaatain, tnm PompcU, showing the OMending pipe, a, a, a.

Not only were the streets, but eTen the private houses of the
Pompeians, decorated with fountains ; and it appears that the ancients
were acquainted with that law by which fluids may be made to ascend
in a vertical jet to a hei^t proportionate to the pressure which acts
upon them.

Fountain, from the paintiBgs of Pomprli.

One of the domestic fountains of the Pompeians is enonisted with
coloured glaa and shells. The fountain of water flowed from a large
mask aet on stapa, phoed within a l.vge niche.
At Rome, the proper distribution of the rivers which flowed througli

her aqueducts was a matter of great importance, entrusted to the care
of an officer of very high rank. It appears from Frontinus, who filled
that office under the emperor Nerva, that the letting out of the public
waters to private persons was a source of revenue. The right to a
supply of water was strictly personal, not attache<l to houses, so that
the supply was cut off at every change of ownership. The waters
which had once been granted were sold by the suiwrintendents, aa they
f«U in, to the highest bidders. Those whose means or interest were
insufficient to obtain a private pipe, were obliged to fetch water from
tbepublic fountains. (' Pompeii," vol. ii. pp. 73, 74.)
The number of leaden pipes found in Pompeii leads us to conclude

that they were univerMily employed in fitting up the fountains of that
cj^. Some fomrtajna flowed through bronze figiirea, of which several
are preserrad in tha muaaum at Naples. Specimens of the domestic
fountains of tba Bomans (of marlilc) may bo seen in the Gncco-
Roman Basement Room of the Britixh Museum.
Some of the citias of Italy and the East are adorned with fountains.

which are no leas agreeabla to the eye than useful to the inhnbitints.
Of all places, mo<)em Rome is ]>erhaf« most abundantly fnrniiilie<l with
tlu* V^eaWe convenience, though this profusion is prolmhly only a
titha of tha luxury witli which the ancient city was Bupplie<l" Many
of the fountains of Rome are highly decorated, of great magnitude,
and very varied in their mode of ejecting tha waters with which they
are supplied from the existing aqueducts. The fountains of Trevi, and
tha Pauline fountain at 8an Pietro in Montorio, are immense piles of
architecture, tha former highly decorated with sculpture. In Italy,
almost srsiy spaciaa of design which the imagin-ition can form has
been ad(^itad by their mgenious artists in the construction of fotmtains.
Many of thoaa poduced during the Medieeui period are works of great

10 power. The fountains of tha Sanieenic arcUteets, as shown hi
Spain, Cairo, and Constantinople, axhibitad in their best day great
fancy, Ugfatneas, and brillianoy of design, sod a style singubrly appro-
priate to the purpose and to tha character of tha surrounding
buildings.

Tha oity of Paris is well suppUed with fountains, many of which
ara alagantly designed. The fountains of Versailles and St. Cloud in
France, and the fountains at Wilhelmi^he near Caasel, were the
Isrgest in Europe prior to the oonstruotion of those at the Crystal
Falaca, Sydanhani. Now the entire " system of fountains," as it is

callsd, at this latter pUce ni.iy take rank, both as regards extent and
brilliancy of affect, with anything jirevioualy produced.

London, though well supplied with water, has few fonntains which
make much pratsnaion as works of art. During the past year, many
small mural fountains, and a few standard fountains have howsvar
been erected in London and its vicinity, chiefly through the exertiona of
a sociaty called the Metropolitan Free Drinking-Fountains Aasoeiation.
The primary object of this society is to erect as large a number of free
drinkingfountains aa possible, and with little loss of time. Eventu.illy

it is hoped that 400 such fonntains may be erected in and around tha
metropolia. Utility rather than beauty, and economy of oost, are
consequently leading principles in the preparation of tiie fountains of
the association. In order, however, to comlnnaa measure of ornament
with utility, several designs have been selected, eadi of which serves
as a pattern for a number of fountains ; but few if any of the designs
yet produced exhibit originality or fancy, an<l from the mode of ra-

production the fountains show little individuality of character. Drinking
fountains, similar in principle to these, were &vt introduced at Liver-
pool a few years back by Mr. Melly, a merchant in that city, who at
his own cost erected several in the busiest localities. The example is

being followed throughout the country, and already several hundred
drinkingfountains have been erected. The majority of these are com-
|>arativftly humble structures, but periups some of Uie most successful
in an artistic |>oint of view have bcNen erected in provincial towns.
FOURTH, an interval in music, and to be enumented among the

discords ; though it seems to have puzzled many writers on music,
some of whom are much inclined to view it as a concord. [Concord.]
Its ratio is 4 : 3. Of fourths there are three Idnds : the Dimini^cd
Pmrtk, the PeHeet Fourth, and the extreme Sharp, or Super)lwnu
Fourth (called also the Trilomu, from being composed of three whole
tones). The first (c t, F) is composed of a whole tone and two semi-
tones ; the second (c, F) of two whole notes and a semitone ; and the
third (c, F t) of three whole tones. Example :

—

tad. Srd.

FOWLINO, the act or art of taking birds with nets, by shooting,
snares, the use of bird-lime, or other devices. It is also sometimes
used for the taking of birds with hawks and falcons, more properly
called falconry. In Latin this sport is termed Aucupium. See
Bargasus ' de Aucupio,' Uber i., ' ad Fronciscum Medicem Florcnt. et
Senens. Princiiiem,' 4to. Flor. 1566. Olina's ' Uooelliera,' 4to. Rom.
1684, is another work on fowling, the plates of which, representing the
different modes of following tiie sport, are extremely curious. In
English we have Blore's ' Gentleman's Recreation,' foL Lond. 1686
and 1716; and ' The Experienced Fowlar, or the Gentleman's Recrea-
tion,' 16mo. Lond. 1704.

FRACTIONS, COMMON AND DECIMAL. By a fraction is

meant, in the first instance, a part of any magnitude. Thus, " three
and a fraction " means three units and a port of a fourth. The next
meaning of the term confines fractions, in an arithmetical |Kiint of
view, to the aliquot parts or mbmultifUt of the unit ; which unit must
therefore be divided into a number of equal parts, of which parts a
certain number is to be taken.

Under the heads Addition, tx., will be found the various rules by
which operations containing fractions ara conducted. We shall here
confine ourselves to fundamental points connected with the theory.

A fraction is thus denoted : — means the quantity obtained by
6

dividing a unit into b equal ports and taking a of those partti. If a be
greater than b, it will obviously ba nacaasary to divide more units than
one, each into b equal parts, until enou^ have been subdivided to

fiunish the a parts required. It was usual, in English works on arith-

metic, to call fractions in which a is less than b, proper fractions ; and
all others improper fractions ; this absurd distinction is now beginning
to be sbolished. In the preceding fraction a is called the nmneratar,
and b tha (fenoMHiiafor. The first tonn is correct, for a is the number
of parts of a certain kind which are to be taken ; the second is not
quite so correct, for the denomination of which the number a is to be

taken, is not b, but -— ; the ith ]>art of a unit (not b units) is to be

repeated a times.

On the whole, the terms numerator and denominator are very appro-
priate ; but they are very long. Should they ever come into vulgar
use, they will be shortened into numer and denomer ; and it would be
well if arithmeticians would do this for themselves.
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The preceding fraction may be considered in several different ways.

It is Ist, the 6th part of a unit repeated a times ; or, in common lan-

guage, a-4ths of a unit ; 2nd, the number of times, or parts of a time,

or both, which a contains 4 ; 3rd, the proportion which a is of 6 ; 4th,

the expression which ought to be written for a, on the supposition of

that which was 6 units being made the unit. Thus J expresses two-

fifths of a unit, the part of a time which 2 contains 5, the proportion

wliich 2 is of 5, and the expression which must be written for what is

now 2, when that wliich is now 5 is made the unit. All these mean-

ings, except the first, are perfectly intelligible when we write a fraction

in which the terms are both fractional. Thus

—

&c.2i ± i M
^ ^ i )

may be thus explained. We can readily imagine the part of a time

which 1 4 is of 3f , the proportion which the first is of the second, and
tile expreasion which must be substituted for IJ when a larger unit is

used, amounting to 3^ of the present tmit. But though we see clearly

what is meant by dividing 1 into 3 equal parts and into 4 equal parts,

what idea are we to attach to the division of 1 into 3J equal parts ?

The generality of mathematical conceptions is frequently destroyed

by the peculiar idiom of a language. The science of arithmetic re-

quires the abolition of all those distinctions which depend on singular

and plural, noun and pronoun, ftc. Thus, when we speak of the

answer to a problem being a number of feet (unknown), it is better to

allow the word to imply a part of a foot, a foot itself, or a number of

feet together with a part of a foot, than to repeat all those possible

cases every time a number is to be mentioned. Again, when one par-

ticular phrase seems absurd, but another which is synonymous appears

clear, we must either reject the former altogether, or attribute to it

the meaning of the latter, and the second course is generally the more
convenient. We now observe that the direction to " divide one into

10 equal parts " Is the same as " find a part such, that ten of them
shall make a unit." Now there is no absurdity in requiring to " find

a part such that 3f of them shall make a unit," though it is incon-

sistent with our idiom to speak of " dividing 1 into 3f equal parts."

The meaning of the phrase which is intelligible should then be ex-

tended to that which is not, or " to divide 1 into 3(f equal parts " should

mean that the jiart is to be found which repeated 3 times and f of a

time shall give the unit. And this must be extcnde<l even to the case

in which the number or fraction thus obtained is greater than a unit.

Thus in the fourth of the preceding fractions such a number or frac-

tion must be foimd, that |th of it shall be a unit ; that is,

—

— stands for the number 7

;

and this must be repeated 3} times. The preceding considerations

show that fractions with fractional denominators may be explained

(without reference to any rule of reduction) by an extension of the

definition which applies to integer denominators. The use of such an

extension is as follows :—at present, algebraical students learn results

which are perfectly intelligible with regard to whole numbers, or to

fractions with integer terms, but of which they do not see the meaning
when fractional or mixed terms are employed. In the latter case they

trust to what they see in the former that their results will remain

true ; but they can have no distinct perception on this point until they

have leamt to include every possible form of __ under one definition.
6

The fundamental property of fractions on which all others depend

is this—that no fraction is changed in value by multiplying or dividing

both its terms by the same number or fraction, that is,

—

a ma
b ~ mb

whatever may be the values of a, b, and m. This result should be

studied in all the variety of its cases, from such as

—

3x10
6x10

to such as —

!

y xij

There is another theorem which is much neglected in elementary
works, but which is of considerable importance, namely, that if the
numerators of two fractions bo addetl for a numerator, and their de-

nominators for a denominator, the resulting fraction must lie between
the two from which it was derived. Thus of the three fractions.

—• , and
2-f 6

7-Hll

8
or —

18

the tliird is greater than the first, but less than the second.

In practice it is convenient to employ fractions having either the
same denominators, or which may easily be reduced to others of

equal value having the same denominators. The numbers 10, 100,
1000, &c., suggest themselves for this purpose : indeed it may imme-
diately be seen that the ordinary system of decimal numeration may
be extended so as to allow of a represcntiition of such fractions. If

we consider the number 1 1 1 1 1 , we see that for every step which we
make to the right, we find a unit which is only the tenth part of the

preceding unit. Place a point on * the unit's place (to mark its posi-
tion), and let the same method of valuation be carried further. Then
in 11111-1111, the first 1 after the point should stand for one-tenth of
the preceding, or one-tenth of a unit ; the second for one-tenth of a
tenth, or one-hundredth, and so on. The fundamental theorem of
decimal fractions, in this view of the subject, is that which shows, for
example, that 12-2345 (defined to mean 1 ten, 2 units, 2 tenths, 3
hundredths, 4 thousandths, and 5 ten-thousandths) is the same as
122345 ten thousandths ; or that all the number, such as it would be
if the units' column were on the right, may be taken as a numerator,
and the denomination of the right hand figure as a denominator.
Thus—

65-483 or 60 + 5 + —
10 100

60000

1000

. 65483

1000

5000

1000

400 ^ 80

1000 1000

No fraction can be reduced to an equivalent decimal fraction, if its

denominator contain any prime factor except 5 or 2 (the divisors of
ten). But this is of no consequence in practice, since it may easily be
shown that for any fraction can be found a decimal fraction which
shall be as near to it as we plea.se. For instance, suppose it required

Q

to find a decimal fraction which shall not differ from jr by so much

as the hundred thousandth part of a imit. Then

—

300000

_3_ ^ 300000

4T0OOOO

41 7317;

41 100000 100000

3 3
or 731 7 himdred thousandths of a unit differs from jr by only -7-

of the hundred thousandth of a unit, or by less than the hundi-ed
thousandth part. It Ls from such a transformation that the common
rule is derived.

It is common to say that a result is true to a certain number of
places of decimals when any alteration of any place would make it

further from the truth. Thus, the diameter of a circle being unity,
the circumference lies between 3-1415 and 31416, but nearer to the
Latter ; whence the same circumference, true to four places of decimals
is 3-1416. Similarly, 62-13299, taken true to two places, is 62-13; to
three, 62-133 ; to four, 62-1330. Again, -625, taken true to two places,

might be either -62, or '63
; but the latter is generally takeu. Wlien

a decimal fraction cannot be found exactly equal to a given common
fraction, the division by which the numerator is found, leads to what
is called a Circulating Decimal.

For subjects closely connected with the theory of fractions, see
Ratio ; Proportion ; Incommensurable.
FRACTIONS, CONTINUED. A continued fraction is one which

has a fraction in its denominator, which again lias a fraction in its

denominator, and so on : such as

A more convenient way of writing such fractions is desirable ; in the
present article we shall adopt the following :

—

4 3 6_ 2

2 -F 7 -h 1 -h 3

Thus
b ¥ c

d +
IS written

7

e

+ 7

The use of continued fractions is as follows : by converting a
common fraction with a large numerator and denominator, into a
continued fraction, we are able to find a succession of more simple
fractions which are alternately greater and less than the given fraction,

and approach to it with great rapidity. Let j be the given frac-

tion, a being less than h ; proceed as in the rule for finding the
greatest common measure of a and b, and let q, r, s, t, &o., be the
quotients obtained in the process ; then

«=_L_ orl_^L_L
6 a + 1 1 -t- + s + t -v

&c

+ &c.

• It will be very useftal to the student to remember that this decimal point

belongs to the wtitU place, and is not an introduction between the integers and
the fractions.
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For inaUaoe, let th« fraotion be
611»

28SI9

61I9)SSaiiK5

Rem. S724)51I9(1

2895)2724(12724(1 J
'^"'

iu the method of finding

greateat common meMure.

The (ttooeaBOO of quotientit thus obtained is

5, 1, 1, 7, 3, 1, 1, 2, 1, 8, 1, 2;

which are to be uaod M follow* in forming the guccession of approxi-

luate fractions. The first and second are always

1st in this case —
fint quotient 5

„ . 2nd quotient 1

1st qu. X 2nd qu. + 1 5x1 + 1

1
or —

6

To form the succeeding numerators and denominators there is one

uniform rule for both, as follows : Multiply the last fuuud term by
the first quotient remaining to be used, and add the last but one ; as

in the following process, where (*) denotes that the incoming quotient

is unity, and that the multiplication is therefore unneoessar}-.

Numcraturs. Denonilnstors.

1st 1 5

2ud 1 6

8rf» 2 11

New fHolient 7 7

U 77
1 6

4th Ifi 83
New quotient 3 3

45 219
2 U

6th 47* 260*
15 83

«th 62» 343»

47 260

7th 109 603
New qnotitnt 2 2

218 1206
62 343

8Ui 280* 1549*

109 603

9th 889 2152
New quotient 3 3

1167 6456
280 1549

10th 1447* 8005*
889 2162

11th 1838 10167
New qHotkiU 2 2

3672 20314
1447 8006

12th 6119 28319

The succession of fractions contintuUy approximating to the given

fraction, and ending in it, is then

11 ^ 15 ^ ^ 109 280 ^80 1447 1836 5119

6' 6 ' 11
'
88

' 260
• 343 ' 603 ' 1549 ' 2152 ' 8005 ' 10157 ' 28319

these approach nearer and nearer to the last, than which they arc

alternately greater and less ; the first greater, the second less, the
third greater, and so on ; but the second is not so much too small as

the fint is too great, nor the third so much too great as the second is

too small,&c The error committed by assuming any one of the approxi-

mate fractions instead of the final result, is less than a fraction having
imity for its numcntor, and the product of the denominator in

question and the next denominator for its denominator. Thus

—

\

6

\_

6

2

11

15

83

is not wrong by or —
** ^ 6 X 6 80

1 1
„ ,, or —

6 X 11 C6

» „ _L_ or -L
11 X 83 918

83 X 260 21680
,«c.

If it be denred to verify one of the fractions without proceeding to

the end of the prooea, obMnre that the numentor of the difference

of any two succeeding fractions is unity. Thus

—

1 X exceeds 1 x 6 by 1

1 X 11 falls short of 2 x 6 by 1

2 X 83 exceeds 16 x 11 by 1

15 X 260 falls short of 83 x 47 by 1 fto.

Ko fraction, having a leas denominator than one of the approximate
fractions, can come so near to the original fraction as the one which
is obtained by the process. Thus, ^ is nearer to fUf, than any
possible fraction which has an integer numerator, and an mteger deno-

minator leas than 003.

FllACTIONS, DKCOMPOSITION OF, a method of much use in

the integral calculus fur reducing products of the form x(x- a)~'
(x—i)~* in which x is rational and integral, to the sum of

terms of the form K(x—a)~*, in which K is independent of x. But if

X be of a higher dimension than nm- r + . . . there is also a quotient.

This quotient may be easily found by the short rule for division

by x—a. To divide j)*" •• jj:"-' . . . by jr - a, take the first co-

efficient, multiply it by a and add the next ; repeat this process to the

end, takiug care to use for the coefficient of any missing term. The
resvdts, beginning with the first coefficient, are the coefficients of the

quotient, except the last, which is the remainder. Thus in dividing

2*?—Zx'-n'-t-a:— 1 by x- 3, the coefficients are

2-200101-1
The results of the rule are

2 4 12 86 109 827 982 2945

Hence the quotient is 2x*-¥ij* + 1Zx* + i6^+\093? + S27x+ 9S2,»ad
the remainder is 2945. To divide by j: -f o, or x—{—a), use —a as a
multiplier.

Thus to find the quotient of a*— 2^"+ 4 diWded by (x— 1)' (x+l)"
(x—5), the process is as follows, it being seen beforehand that the
answer is of the second degree. We omit all the work which is of no
use in the final result.

1 1

2 3
3 6
2 4

1 3
C 33

When we divide a?— 2j:'-t-4 byar— 1 the three first terms of the
quotient are 3^ + j^ + 3*: two divisions more by x— 1 give i* + Sj-'— 6x'.

We then divide twice following by x-t- 1, still preserving only three

.terms, and the result is x^ + 3^ + S.r, and the final division by x—H
brings out x* -f fix • 33 for the three first terms of the final quotient,

that is, for the whole quotient. For verification the order of the
divisions may be varied.

When all the roots of the denominator are unequal, that is, when
the quantity to be reduced is of the form x(x—n)~' (x—6)— ' (x— e)-"'

. . . . where a, b, c, &c., are all unequal, the process for finding the

reduced form of the remainder is very easy. Strike out (x—a)~' and
make x—a in the form thus mutilated; let this result be A. Next
strike out (x—i)~', and make x=b ; let the result bo B ; and so on.

Then the fraction x(x—o)~' (x—6)~' .... is the quotient, if any,
ha(x— o)-' + B(x— 6)-'-»- .... Thus to reduce the expression

.7*.^(x— 1) (x— 2) (x•^l), we set down all the work, as follows ; the
quotient being of the third degree

—

10
l'-(-lx2)=--i

1111 64
2'--(]x8)=-3

1 8 7 15 , ... , - ., 1(-l)M-2x-8)= J
1 2 5 10

And the final result is

(*-l)(x-2)(x + l)
= x>*2x' + &x*lO

When the roots of the denominittor are not all equal, the way of

proceeding which is most eviy in the simple cases which generally

occur in practice, will be best caught from an example. Suppose, for

instance, that (x<-f 1) 4- (x— 1)' (x— 2) (x + 1) is the fraction to bo
reducciL Begin with the denominator (x— 1) (x— 2) (x + 1), and by
the preceding nile, obtain the result,

x« + l 1 17 1 11
«+2— r—; + — r—r. +

(x-l)(«-S){«i-l) -1 3 x-2 8 x+1
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Divide both sides by (.r— 1), and turn (x + 2) -=- (.r— 1) into 1 + 3

H-(.«— 1), and also by the nile, convert

(x-1)-' (.«-2)-i into - (.';-!)-' + (^-2)-'

1 1
(j-l)-' (j: + 1)-» into + -^{x-l)-^- gC^ + D"'

and the result is

3^+1
= 1-

(x-l)»(ar-2)(ar + l)

17 _1_•
3 .r-2

15 1

6 x-l

1 1

6 a- + l

1

>-l)»

More complicated examples may be seen in the ' Differential Calculus

'

(' Library of Useful Knowledge '), p. 273. The above will be sufficient

for ordinary purposes.

FRACTIONS, VANISHING. This term is applied to fractions in

cases where a supposition is made which destroys both numerator and
denominator at the same time. Thus :

a;-l
a' — (I

b'- b
'

are fractions which all assume the form -, when a;= 1 ; that is, though

for any other value of x they represent operations of ordinary arith-

metic, yet in the particular supposition that :c is unity, they all end in

a dir»;tion to find out how many times nothiny is contained in nothing.

The first answer to this seems to be that the fraction may, in such a
case, have any value we choose to assign, for nothing taken once, or

twice, or thrice, Ac, is still nothing : that is to say, according to the
rules of common algebra, since = x a, whatever a may be, it follows

that divided by may be a. But this is caiTying operations which
are defined with regard to magnitudes further than is contemplated
in their definition, and applying them to a symbol which ramply repre-

sents the absence of all magnitude. Such a process may then be
rejected without scruple.

But this question remains : granting that the preceding reasoning

does not entitle us to give the preceding fractions any value we plea.se,

can they be said to have a value at all when x—l ? To settle this

point in part, we must ask not what the preceding fractions are when x
is unity, but what becomes of their value when x is made to approach
nearer and nearer to unity. To take the first as an instance, we find

that

x*— 1
r =.v + l for all ralua of .r.

X— 1

Consequently— I. 'Whenever x is greater th.an 1, the fraction is

greater tlian 2. II. As x approaches to 1, the fraction approaches to 2.

III. The fraction may be made as near to 2 as we please by making x
sufficiently near to unity. Hence it follows that if when a:=1, the
fraction have a value at all, that value must be 2. Similarly it may be
proved of the second and third fractions, that if they have values when

x—l, these values must be 1 and °—

.

b log

Much discussion has arisen as to whether vanishing fractions have
values or not, as if such a question could be one of deduction from the
ordinary reasonings with regard to magnitude. The truth is, that any
one may either assert that such fractions have values, or may alto-

gether refuse to consider them, according to his ideas of convenience
or propriety. Nobody doubts that if the answer to a problem were

log«
'y=the value of r when.r=l,'

X— 1

one of two courses must be taken : cither the value of y must be
declared to be imity, or else the evanescent form of the fraction must
be recognised na arising from a misconception of the problem, by which
factors of the form x— 1 (where x=l) have been used under the idea
that they were of the form x—l (where x is not = 1) : the problem
must then be reconsidered, and the (so called) mistake corrected.
But the correction will always lead to the result y=l, and those who
employ the second method in preference to the first will not deny that
they knew as much when they first saw their (so called) erroneous
result.

It is not worth while to discuss the particular arguments used with
respect,to the isolated question of vanishing fractions, since the diffi-

culty raised with regard to them belongs to a class of questions so
ext«isive that they might form the subject of a separate science.
Under the heads Nothing, Infin:tt, Limits (Theory op), 4c., will
be found those considerations which apply to all the cases.
The method of finding the value (or correction, if the reader please)

of a vanishing fraction whose numerator and denominator disappear
when X = o, is to make a new fraction with the difierential coefficients
of that numerator and denominator, and then to substitute a for x. If
the result be still a vanishing fraction, repeat the process with new
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difiereutiations, and so on. Thus, to find the value of the third

frautiou above mentioned,

—

diff. CO. of a' — ft is a' log a

diff. CO. of i' — 4 is b' log b

,x' log a a log a

FRACTURE. Injuries complicated with the breaking of a hone
.are called fractures.

The comparative importance of such accidents depends in the first

place upon that of the bone which is broken. The most dangerous

fractures in this point of view are those of the vertebra; and skull,

which inclose organs immediately essential to life, and extremely

susceptible of injur}-. The processes, or projecting parts, of the ver-

tebra; are sometimes broken without very serious consequences ; but
if any of the rings of bone which encompass the spinal cord be thus

injured, death almost certainly ensues, and the danger is imminent in

proportion to the nearness of the injured vertebra to the head. If the

fracture take place above the fourth vertebra of the neck, reckoning

downwards, death is generally instantaneous from paralysis of the

nerves of respiration. Fracture of the basU or floor of the skull is

often instantly fatal, for analogous reasons. The sternum, or breast-

bone, and ribs, cover parts not so immediately essential to life, and, for

many reasons, not so liable to suffer from violence done to their ex-

ternal defences as those to which we have already adverted. Fracture

of the sternimi can scarcely happen without the direct application of

considerable force ; and for that reason is both serious and rare. The
ribs, on the contrary, are more easily and frequently broken than any
other bones ; and generally speaking the consequences are not at all

serious, if proper measures be adopted. The fracture unites readily ;

and the chief danger to be apprehended is inflammation of the serous

membrane called the pleura, which lines the cavity of the chest, or of

the lung. [Pleurisy ; Pneumonia.] This danger is of course in-

creased if the lung be wounded by the splintered ends of the bone,

which is sometimes the case, especially when the fracture is the result

of direct force. The bones of the pelvis are seldom broken, for the

same reason that determines the raie occurrence of fr.acture of the

sternum ; but the accident ia generally serious, and not unfrequently

fatal, from injury to the bladder and other important org.ins included

in the pelvic cavity, or connected with the bones which circumscribe it.

Fractures of the bones of the face, though distressing and painful at

the time, generally do well ; and are of consequence chiefly on account

of the disfigurement they sometimes occasion.

The limbs are so es.sential to the purposes of life, and their usefulness

depends so much upon the preservation of the shape of their numerous
bones, upon the integrity of their joints, and upon the free and separate

mobility of their muscles and tendons, that anything calculated to

injure them permanently in these particulars is a matter of serious

importance. Hence the great iuterest that has always been attached

to fractures occurring about these parts ; none of which can be con-

sidered as slight accidents, for in various degrees they all threaten the

future usefulness of the limb.

We feel that the subject of fractiu-e, particularly of the limbs, is one

that hardly admits of compression within moderate limits ; and are

aware that in attempting to compress it we must sacrifice order, if not

perspicuity, to brevity. Our principal object, however, will be to give

a clear explanation of certain technical terms, by which important

varieties of these injuries are distinguished ; and which, though fre-

quently made use of in conversation and in the course of judicial pro-

ceedings, are often misapplied or imperfectly understood : with this

we shall interweave as much general information as possible, sub-

joining what may be necessary to complete an outline of the whole

subject.

It can hardly be necessary to explain what is meant by transverse

and oblique fracture : we may observe, however, that the distinction is

practically of great consequence. In the first, or transverse variety,

the bluntness of the ends of the broken bone in some measure

preserves the contiguous soft parts from laceration at the time of the

accident ; it also opposes a considerable obstacle to the displacement

which arises afterwards from muscular contraction; but it chiefly

conduces both to the diminution of present suffering and to the

prosperous event of the case, by f.-vcUitating the speedy and perfect

restoration of the displaced bone to its proper situation, and its steady

retention, when restored, by mechanical means.

On the other hand, as most of the bones liable to fracture are cylin-

drical, or present flattened surfaces meeting in as many solid angles, if

they be broken obliquely, the ends of the bone will be sharp-edged or

pointed : hence they are generally separated from each other to a much
greater extent than is usual in transverse fracture, and there is not only

much more suffering from the laceration of sensitive parts and from

portions of them being included and pressed between the broken sur-

faces, but great difficulty is often experienced in disentangling the ends

of the bone, and bringing them into close apposition ; and still more

in retaining them, from their tendency to slip past each other during

the spasmodic and powerful contractions of the wounded and irritated

muscles. The result of such fractures is often imsatisfactory, in spite

o
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dktettka and ibartaBing ofof Um ntoMwt cars and lUll; and
the limb U ioeviuble in MTon cam.

Oamminmltd Pmelurt.—Wben a bone i* enuhed, or flHured in more
tiian one direction, au that portion* nf it are detached from the roet,

the fracture ia aaid to comminuted. From the facility generally expe-

rienced in replacing the bone, or at least in stniglit^'ning ami supi>orting

the limb in theae oaaae, they often end better than aiiiarcntlv lees

aerioui oblique fractiirea. Peritapa one reason may !« that the direct

anoUoation of force, by which they are generally produced, hm some
<mel in itiuining the muwlea and deiiiining the injurious influence of

their oontractiuii. If there be much contusion of the soft parts, eon-

ridmbis inBammation and fever may supervene, and the reoovery will

be tediouB in pmiwrtion ; but the eventtial restoration of the natural

shape and length of the limb is fretiuently more complete than might
be expected.

frietun tjcttnding into a joint.—A bone may of coarse be broken in

the sttuation of a joint ; or, if the fracture occur at some distance, a

flHore may eztand longitudinally into one of these cavities. This cir-

onmstanes is a very important aggravation of the injury. The
synoml membranes which line the joints are peouliariy impatient

of irritation, and when they become inflamed, the constitutional dis-

turbance is often considerable, and tlie attendant, or. as it is called,

the ^fmptomatie fever, is of a very acute tyi>e. When the larger

joints, such as the knee, are concerned in injuries of this kind,

the old surgeons frequently recommended amputation of the limb.

Hodem experience has shown that this may generally be dispensed

with ; but the greatest skill and watchfulness are required and often

baffled in endeavouring to prevent the oeotirrence of a stiiT joint

{mmAyUmt), and to keep the limb in the most useftU position, if it

ahoold occur ; a |>osition which ia not always the most conducive to

the ease, or indeed to the recovery, of the patient, and therefore not

always eligible.

Frtuturt complicated mth ditlocalion.—If a bone be dislocated as

well as broken, it may be difficult or impossible to carry into effect

the measures which are necessary for the satisfactory treatment of

either injury, and the result is permanent distortion and crippling of

the limb. This is of course an extreme case, and is not likely to

hmMn unleas the fracture take place very near the dislocated joint,

0 that a firm hold cannot be taken of Uie detached end of the bone.

If, however, the Assure in the bone does not extend to the joint, the

eimstitution does not, upon the whole, suffer so materially as might be

expected in consequence of the double injury, except in particular

eases, such as those complicated with traumatic delirium, on which, as

the subject is curious, we shall here take occasion to say a few words.

Traumatic delirium {rpaiiui, a tmund).—This affection is by no
means confined to fractures with dislocation, or to injuries of which
fracture forms a part. It appears however to be more frequently a

consequence of injuries of this nature than of others, and particularly

of the fractnre of the fibula immediately above the ancle, which is

often followed by dislocation of the foot. [Fibula, in Nat. Hibt. Div.]

The patient rambles in his ideas, is generally very talkative, and in a

state of great alarm and apprehension, expecting, for instance, to be

led to execution for some fancied crime. He is commonly pale and
cold, free from fever, and quite unconscious of pain. If not pre-

vented, he will rise from his bod and move about the room, using his

diattered limb with perfect unconcern. Traumatic delirium has some
points of resemblance with delirium tremens, and like it, occurs for

the most part in over-stimulated and exhausted constitutions. It is

sometimes Istal, but may generally be relieved by large quantities of

wine and <^iam.
Oompotmd fracture.—If the injury of which wc are treating be con-

fined to the bones and the parts immediately around them, the fracture

is aid to be srmp/r ; but if the bone be protruded through the skin,

or an external wound otherwise indicted communicate with the in-

terval between the broken surfaces, the fracture is said to be compound.
However small the wound in the skin may be,—unless it can be
brought to heal by the first intention, which, though it rarely succeeds,

should be always attempted,—this is by far the moot serious aggrava-

tlon of the injury, whether we regard the suffering of the patient, the

piugi ew of the case, or the prospect of recovery. A simple fracture,

however extensive, if not into a joint, may generally be expecte<l with
oonfldenoe to be well enough to permit the accustomed use of the limb
in a period ranging from two to eight weeks ; the pain and constitu-

tional denagement seldom lasting beyond a few days. But a com-
ponnd fracture threatens life, and, speaking generally, is at best an
aflair of many months of suffering and nckness. This remarkable
difbrence origmates in the wide constitutional sympathies of the skin

as ao oigBD of asoMtion and teeretion ; in the importance of its func-

tion as a oovaring for the subjacent parts ; and in its great pmneness
to beooms inflamed when the subject of a punctured and lacerated

woond. It fnrther results from the tendency of the inflammation to

propagate itself from the edge of the skin along the track of the
wound to the periosteum and other deep-seated parts ; it commonly
treads very extenaivelv in cellular tissue between the muscles, under
the aponeurotic exoansions which Invest and separate them, and within
the ^novial sheaths of their tendons. Some degree of inflammation
among theae parts takes place tn simple fractures, but it seldom ex-

ceeds manageable Umita and the lower degrees of it may perhaps be

ooatidered as curative. But the inflammation whieh followa a com-
pound fracture puts a stop to all the nattual proeeasai of restoratitm,

and renders the artificial meani<, in otlier cases usefully employed to

promote thorn, ineffectual or imipplicable. It is attended with incessant

and exhausting fever, at first ardent and afterwards irritative and
hectic [FkvxbJ, and occasions deep-seated abacaaaes, extensive de-

struction of the soft parts (Amgkmff), and tedious separation of dead
bone {exfoliation). Such are some of the disastrous eonaequenoes of a
compound fracture, an accident which, in its severer forms, presents

such a scene of suffering and a suooeaaion of such formidable drains

upon the strength, that, on the balance of evils, amputation is oftcn^a

preferable alternative.

DiagnotiM of frveture.—Much need not be said of the means by
which the existence of a supposed fracture may be ascertained. The
nature of the accident is generally obvious enough, and the less

the parts are handled the better; but where there is any doubt, it

may be removed by attending to the grating sound, or the aeoiation

commimicated to the touch occasioned by lightly moving the brokta
ends of the bone against each other. Tnis i^mptom is called ertpi-

lalion.

Treatment.—The principles of ta«atment are, in the first place, to

soothe by all possible and prudent means the muscular irritation and
spasm which are the imme<liate and most urgent conse(|uences of a

recent fracture. The patient is to be placed in the easiest posture,

which, if the thigh or leg be broken, is generally on the same aide or

on the back ; the limb is to be supported on soft pillows, the eon-

tiguouH joints being half-ltent in order to favour as much as poasiblo

the relaxation of each class of muscles, especially the flexors ;
gentle

friction, warm fomentations, or cold evaporating lotions are to be used

according to the circumstances of the case and the feelings of the

patient.

^^'hen the relaxing rigidity of the muscle will permit, which may
not be for some hours or days, the bone is to be restored as nearly as

possible to its proper situation by the gentle application of force in

any required direction. Violence would defeat its own object by
reproducing spasm. One hand or an osssistant should stesdy the

upper portion of the limb while the lower portion is drawn down and
turned till the proper length and bearings are restored. This process,

which is called the reduction or Ktting of the fractvire, cannot always

be completed on the first attempt ; and it is sometimes advisable, and
indeed only possible, to effect it by degrees. The displacement n>ay

also return ; and in oblique fracture this will certainly happen unless

the case admits of a very fortunate adjustment of the bandages. The
process we have deecribed must then of course be repeated as often as

circumstances misy render it necessary. The setting of a broken limb

is not, as people generally imagine, a piece of legerdemain, to be

effected in a moment by some wonderful exertion of dexterity, and
then to be announced in oracular phrase by the surgeon as if it were

something too mysterious for a plain m-an to understand. It is a

perfectly simple and straightforward measure ; and little more than,

common sense and a gentle hand are necessary for its proper execution

if it be possible to effect it at all.

ftTien the limb is reduced, it is to be placed in tplintt, which are

thin pieces of wood or other material of the requisite firmness and
length, and suitably shaped and hollowed out to fit evenly without

making undue pressure \ipon prominent points, such as the ankle.

The skin is to be protected by folds of linen or thin soft pads a little

wider than the splints, which are also tiaefal to prevent them from

slipping. When everything is properly arranged as to position, the

splints are to be bound upon the limb with a moderate d^free of

pressure ; and it is right to remove and re-adjust them occasionally, in

order to detect and rectify any deviation from the correct line of the

bone that may arise or beonne apparent as the swelling subsides.

Where there is no fear of the bone being displaced by the action of

the muscles that are attached to it, or oy the restlessness of the

patient, it is not necessary to apply splints, which are only useful in

preventing motion, and otherwise rather retard the progress of the

case by their pressure, and for other reasons.

In fracture of the ribs, it is sufficient to apply a broad belt or bandage

to prevent them from alternate depression and elevation in the .'ict of

breathing, which can be carried on sofficiently well by the diaphragm

alone [Rbspikation, in Nat. Hist. Drv.] ; and all such means are

inapplicable in many cases, such as fracture of the vertebra, and of

the neck of the thigh-bone, where all that can be done of a mechanical

kind Is to place and keep the patient in a proper porition. This can

be done most effectually by the help of a bedstead invented by Mr.

Earle, the frame of which is jointed, so that the back may be raised to

any required inclination, the knees being also raised, and the feet, if

necessary, bound to a cross-board. The mattrass is provided with

moveable pieces, which preclude the necessity of change of jwsition for

any purpose. The paramount importance of constitutional treatment

and ttai^rict regulation of the diet need scarcely bo adverted to in this

as in all oases of injury, in which a primary object is to repress or

prevent inflammation.

Union offractured Bone.—The process by which fractured bones arc

united is generally uninterrupted in simple cases, if the constitution

be good and the accompanying contusion not very considerable. The es-

travaaated blood ia soon abaorbed,and the swellingand inflammation sub.
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side. The interior lacerations heal, and the soft parts round the ends of

the fracture become consolidated with the periosteum, or fibrous invest-

ment of the bone, which swells and unites at the torn edge. In this

consolidated mass, which forms a soft case for the bone for some
distance above and below the fracture, but is thickest just at that

point, particles and spicula of bone are gradually deposited, tUl at

length it becomes rigid and firm, holding the ends of the bone in close

contact and peventing them from slipping away from each other, like

the slider of a parasoL At length the patient finds the strength of his

limb restored, and conscious of the change, can no louger be persuaded
to refrain from using it. After a certain period, which has been
differently stated—it may be six or seven months in the case of a large

bone—the fractured ends become firmly adherent by the deposit of

bony matter between them ; the exterior case becomes absorbed, and
the cure is complete, the bone being rather thicker and generally some-
what stronger and more sohd in the situation of the fracture than
before the accident. The whole of this process is much quicker in

infants and children than in adults, and somewhat more alow in ad-

vanced periods of life than in the middle age. Taking all ages, it

ranges, as we have said, from two to eight or ten weeks—speaking, of

course, of the period at which the limb becomes firm enough to pei'-

form its functions.

The treatment and progress of compound fracture depend upon the
circumstances of each case ; and it would lead us too far to enter upon
them. The principles of management, however, are the same, as are
likewise, in the main, the natural processes by which firm union is

established.

Ununited Fr<icture.—It sometimes happens that, without any assign-

able cause, the processes we have just spoken of do not go forward

;

and the fracture, originally perhaps a very simple and promising one,
either does not unite at all, or unites only by a tough and flexible sub-
stance like ligament or tendon ; and this even where nothing faulty

can be discovered in the constitution of the patient, or in the manage-
ment of the surgeon. Attempts are made to excite irritation and pro-
mote the deposition of bony matter in this new substance by rubbing

fthe ends of the bone together, and in other ways. Such attempts not
unfrequently fail, and the bone remains flexible and useless for life.

Cautei of Fracture.—We have said nothing of the vario\is ways in

which fractures may accidentally take place, because each reader can
imagine them for himself. There are, however, some circumstances
with reference to this subject which it is proper to mention. In the
first place, the simple action of the muscles, without any blow or
external pressure, is sufficient to break the bones. Such is, generally
speaking, the case in transrerse fractures of the patella or knee-pan,
aad occasionally in those of the olecranon, or point of the elbow. When
these are broken off by a sudden jerk of the muscles attached to them,
the detached portion of bone is carried up to some distance, and can
rarely be brought into sufficiently close apposition to luiite by bony
matter. But the ligamentous substance we have mentioned in speaking

• of ununited fracttire is formed between the broken surfaces ; and if

proper care be taken not to permit it to be stretched while it is yet
soft and extensible, it answers every purpose in these cases nearly as

Well as bone. When one patella h^s been broken in this way, the
other is almost sure to follow soon after, having a double duty to per-

form in supporting the muscular contraction by means of which
the thigh is brought to a straight line with the leg in the erect

posture.

Imperfect Fracture.—There are some conditions which modify the
hability to the occurrence of fractures. Among these may be men-
tioned the soft and cartUaginous state of the bones in young infants
before the earthy matter has been completely deposited. At this i>eriod

it is not imcommon to find that although the limb is flexible at a
certain point, no crepitation can be felt, and that in point of fact there
is no actual separation of the ends of the bone. This is called imperfect
fracture.

The opposite state of brittleness prevails in old age ; and owing to
tliis circumstance, a very slight accident will often cause a fracture of
the neck of the thigh bone, the soft parts commonly receiving little

mjury. In these instances ligamentous anion is all that can be
effected, and the limb remains for the remainder of life to a great
degree crippled. '

Fragilitat Oaium.—A still more brittle condition of the bones is

aometimea co-existent with cancer, and probably other morbid states
of the constitution. It is called fra;fililat tmium (fragility of the
bones), and sometimes reaches a remarkable pitch. A late eminent
physician informed the writer that, being called to attend upon a lady
in her pew at church, he found that she had broken her thigh in rising
from her hassock

; and in attempting to raise her, he broke her arms.
Theiy is generally httle injury of the soft parts in these fractiu-es, and
they are said to unite rather more quickly than others.
Some persons have lytserted that the bones are more brittle in winter

tkon in summer ; but it does not require an hypothesis so improbable
ss this to explain the principal fact on which the proof has been
rested, namely, the more fre<iuent occurrence of fractures in frosty
weather.

FKAI8E is a row of palisades placed in a horizontal or oblique
position on the exterior, or on the edge of the ditch, in order to
increase the difficulty of passing over it at the time of an assault.

FRAMB^SIA. [Skin, Diseases or.]
FRANCHISE, a species of incorporeal hereditament. Franchise

and liberty are used as synonymous terms, and their deiinition is a
royal privilege, or branch of the prerogative, subsisting in the hands
of a subject. Such privileges must arise, therefore, from the grant of
the crowu, though in some cases they may be held by prescription,
which presupposes a grant. The kinds of them are various, and
almost infinite, and may subsist in corporations, in one man, or in
many, as co-tenants. Thus a county palatine is a franchise, and so are
privileges given to corporate bodies, forests, chases, the right to
wreck, estrays, &c. Franchises may be lost or forfeited by the parties

who enjoy them, if they misuse their privilege or neglect to perform
the requisite duties in respect of them [Ferry] ; and if the owners are
disturbed or incommoded in the proper exercise of their franchise,

which is an injury known to the law as a disturbance of franchise, they
may have remedy in an action, or where the franchise is to levy a toll,

they may distrain for the amount alleged to be due.

FRANCISCANS. In the Biographical Division an account of the
chief order is given vmder Francis, St. ; and it is there stated that
even of these there was considerable diversity in the practice of the
rules of the order. One part, called Spirituals, contended for the
observance of the rules in all their strictness ; the others, called

Conventuals, advocated the possession of property to any extent by
the body as a community, though still professing poverty as individuals.

The Popes were partisans now of one branch and now of the other,

during the 15th and 16th centuries; and various iuetfectu.a! attempts

were made to efface the differences. The FratriceUi [Fratkicelli]
entirely separated from them in the 15th centmy, or rather founded
a new order, adopting the primitive rules of St. Francis. As early as

1294 a number separated themselves, and formed a suborder called

Celestin Hermits, or Minorites ; but this order was suppressed early

in the 1 4th century by the eflbrts of the Inquisition. In 1302 the
Clare Brethren also formed a separate sect, who, after some time took
the name of Observantins. To this order belonged the nims of

St. Clare (as they were erroneously called, for the name was derived

from a river in Spain, where the first establishment was formed), or

Minoresses, whose nunnery was in London, near Tower Hill. In 1526 a
new secession ended in the establishment by Pope Clement VII. in 1528
of the order of Capuchins, so called from the pointed cowl or capuche
which they added to the ordinary Franciscan habit. The Capuchins
professed an abstinence from all worldly pleasures, and by their humility,

gr-avity, and attention to their duties, ultimately acquired great popu-
larity and influence, though they had to struggle for a long time
against the power and influence of the Franciscans for their very

existence. In 1619 they acquired the right of electing their own
general, who held office for three years. Nuns of this oixler were first

instituted at Naples in 1583. During the early part of the present

century the order was suppressed, and the possessions seculiuised, in all

the Roman Catholic countries of Europe, except Portugal, Spain, and
Sicily; but since 1814, settlements of the order have been made in

Itivly, Germany, and other places. Another sect was formed in 1532,
by the authority of the Pope, called Reformed Franciscans in Italy,

RecoUets in France, and Barefooted Franciscans in Spain. They were
also known as Friars Minors of the Strict Observance, from their

rigid adherence to the original ndes of the order. Other orders of lees

note were the Brothers of the Sack, and the Bridgetine Nuns.
FRANKALMOIGNE. This tenure is thus described by Littleton

(§ 133) ;
" Tenant in Frankalmoigne is when an abbot or prior, or

other man of religion, or of holy church, holdeth of his lord in

Frankalmoigne ; that is to say, in Latine, in liberani elcanomnam, that

is, in free <almes. And such tenure beganne first in old time." From
this it ap])ears that lands which are held by religious bodies or by a

man of religion, are held by this tenure ; but neither fealty nor any
other temporal service is due. The spiritual services which were due
before the Reformation are thus described by Littleton (§ 1 35) :

" And
they which hold in frankalmoigne are bound of right before God to

make orisons, prayers, masses, and other divine services for the souls

of their grantor or feoffer, and for the souls of their heires which are

dead, and for the prosperity and good life and health of their heires

which are alive. And therefore they shall do no fealty to their lord

;

because this divine service is better for them before God than any

doing of fealty ; and also Vjecause these words (frankalmoigne) exclude

the lord to have any earthly or temporal service, but to have only

divine and spiritual sci-vice to be done for him."

On this section Coke remarks :
" Since Littleton wrote, the liturgie

or Book of Common Praier of celebrating divine service is altered.

This alteration notwithstanding, yet the tenure in frankalmoigne

remaineth ; and such prayers and divine service shall be said and

celebrated as now is authorised
;
yea, though the tenure be in par-

ticular, as Littleton hereafter (§ 137) saith, ntunely, to sing a mass, &c.,

or to a placebo et dii-i'je, yet if the tenant saith the prayers now
authorised, it sufficeth. And as Littleton hath said before (§ 119), in

the case of socage, the changing of one kind of temporall services into

other temporal services altereth neither the name nor the effect of the

tenure ; so the changing of spiritual services into other spiritual services

altereth neither the name nor the effect of the teniire. And albeit the

tenure in frankalmoigne is now reduced to a certaintie contained in the

book of Common Prayer, yet seeing the original tenure was in frankal-
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iiin{gn«i, and the change ii by noenl eooaent by authority of parlia-

naot, whereunto every man is- party, the tenure remaina aa it waa
DfliofVi

The alatuta 12 Charlea II., which abolished military tcnurei, ex-

pi aaily excepts tenures in frankalmoigne.
Those who bold lands in frankalmoigne must do the services for

which these Unda were given. These servioes are now detenuinod, as
Coke says, by the book of Common Prayer. The mode of ouuipelling
these tenants to do their duty is thus described by Littleton ($ 136)
" And if they which hold their tenements in frankalmoigau will not, or
fail to do such divine service (as is said), the lord may not distrain them
for not doing this, &c, because it is not put to certainty what serricee
they ought to do. But the lord may complain of thia to their ordinary
or viaitw, praying him that he will lay some punishment and correction
for this, and also provide that such negligence be no more done, &c.
And the ordinary or visitor of right ought to do thi8,".&c.

Since the statute of 18 Ed. I., called Quia Emptoret, from the intro-

ductory words, there can be no gift in frankalmoigne except by the
cronm. This tenure, however, as Blackstone observes, " ia the tenure
by which almost all the ancient monasteries and religious houses held
their lands ; and by which the parochial clergy and very many eccl^
aiastical and eleemosynary foundations hold them at thia day, the
nature of Uie service being upon the Keformation altered, and made
conformable to the purer doctrine of the Church of England."
FRANKINCENSE, Common, obtained from Abiet ctcdn (Dec.),

the Pinut aUa of Linn., consists of two kinds of resin mixed with oil

of turpentine. By melting it in water, and straining it through strong
cloths, it ia deprived of much of its oil, when it is termed pix arida, or
Bui^gundy pitch, and also white resin.

It is Bcan^ly now »iBed internally, but is irritant jmd dixiretia Ex-
ternally it is rube&tcient, and consequently enters into the composition
of many plasters.

FRANKLIN. In the reign of Elizabeth a franklin was a freeholder,
or yeoman, a man above a vassal or villain, but not a gentleman. He
is mentioned as of this description in several passages of Shokspere's
plays. In earlier times he was a personage of much more dignity, and
seems to have been distinguished from a common freeholder by the
greatness of his possessions. Chaucer's franklin (Introduction to
' Canterbury Tales ') was a rich and luxurious gentleman, a chief man
at the sessions, and had been sheriff, and fr^ucntly knight of the
ahire.

Fortescue, 'De L^bus Angliso,' c. 29, describes, the franklin as
" Pater fatniliim—magnis ditatus posseasionibus."
FRANKPLEDGE. [Leet.]
FRATRICELLI, or Little Brethren, (an Italian transUtion of

Fratres minoree, or Friars Minors as the Franciscans caXXed. themselves)
alao called Fratra de paupere ritd, a religious sect which arose in
Italy towards the end of the thirteenth century. They were Fronds-
can monks who separated themselves from the grand community of
St Francis with the intention of obeying the laws of their founder
in a more rigorous manner than they were observed by the other
Franciscans.

. They accordingly renounced every kind of property,
both common and individual, and begged from door to door their daily
subsistence, alleging that neither Christ nor his Apostles had any
poaseasions, either individual or in common ; and that these were the
models which St. Francis had commanded them to imitate. They
went about clothed in rags declaiming against the vices of the pope
and the bishops, thus preparing the way for the Reformation,
and foretold the purification of the church and tlie restoration of the
true ^pel of Christ by the' real followers of St. Francis. As the
Franciscan order acknowledges for its companions a set of men who
observe the third rule prescribed by St. Francis, and were therefore
commonly called Tertiarii ; the order of the Pratricelli had a great
number of Tertiarii attached to their cause. These tertiarii, or half
monks, were called in Italy Bizochi or Bocazoi, in Fr.un;o Bcguim, in
Oermany Btfftmrdt or Beghardt. The Tertiarii differed from the
Kratricelli, not in their opinions, but only in their manner of living.
The FratriccUi were real monks, subject to the rule of St. Francis,
wbilnt the Bizochi or Beghards, as well as the Franciscan Tertiarii,
excepting their dirty habit and certain maxims and observances which
they followed in compliance with the rules of their patron saint, lived
after the manner of other men, and were therefore considered as
laymen; but the denomination was ultimately applied to a great
number of other orders and sects, whose followers, female as well as
male, pursued a somewhat similar course of life. None of these, how-
ever, must be confounded with the true Franciscan Beguines who
grew into importance about the same time, but whose origin dates from
the Ilth century, and whose docrines gave rise to the Lollards. The
Beghards were divided into two classes, the perfed and the imperfect.
The first lived on alms, nlwtained from marriage, and had no fixed
dwellings; the seccjnd had houses, wives, and possessions, and were
engaged in the common avocations of life like other people. Pope
Celestin V. yearn favourably dispoaed to the FratricelU, and permitted
them to constitute themselves into a separate order. They were sub-
missive to that pope, but they violently opposed his successor,
Boni^Mse VIII., and subeequent popes who persecuted their sect The
Fratrioelli were accused of great enormities in the beginning of the
14th century, and persecuted by the court of Rome, but they found

protection from princes, nobles, and towns, who respected them on
account of the austerity of their devotion. In 1317 Pope John XXII.
ordered their aboUtion by a bull, and on their refusal to submit, tbev
were dedared heretioa. The FntriooUi did not always submit with
the meekness of the first Christian martvrs to their persecutors, but
frequently opposed foroe to force, and even put to death some
inquisitors in Italy. This sect continued during the 14th centurv,
and spread as &r as Bohemia, Silesia, and Poland. The members of it

were moat severely persecuted in the 15th century, and many of them
fled from France to England and Ireland. All the persecutions
directed against the sect did not however extinguiah it, and some
remnants of it existed till the reformation of Luther, whose doctrines
they embraced.
FRAUDS, STATUTE OF. [Statuis of Fbaids.]
FRAUDULENT CONVEYANCE. [CossiDBBATio.f.]
FitAXININ. [Mannite.]
FREE BENCH is the widow's share of her husband's copyhold

lands, according to the custom of the particular manor of which the
lands are holdeu. [Copyhold.] As dower is not an incident to copy-
hold tenure the quantity and duration of the widow's intei-est are
regulated by the custom ; it ia generally a third for her life, but in
some manors it is a fourth part, and sometimes only a portion of the
rent By other customs she takes the whole for her hie, and in the
manor of Taunton Deane, in Somersetshire, the wife takes the inheri-

tance. In some manors the widow has only a right to Free Bench
out of the lands of which her husband died seised ; in others, her right
attaches upon all the lands held of the manor of which he was seised

during the coverture. Frequently her estate is during widowhood
only, and sometimes during chaste widowhood. In the manors of
East and West Enbome in Berkshire, and Torre in Devonshire, and in
some other parts of the West of England, there is the ludicrous custom
that where a widow has forfeited her Free Bench for incontinency, if

she will come into coiui. riding backwards on a black ram with hia tail

in her hand, and repeating certain verses more significant than decent,
ending with " Therefore pray, Mr. Steward, let me have my land
again," the steward is bound to re-admit her to her Free Bench.
(Cowel's ' Interp.' ; Scriven ' on Copyholds.')

FREE CHURCH OF SCOTLAND, the name adopted by a large
body of clergy and laity who seceded from the Church of Scotland in
1843. The history of thia secession is as follows. It was part of the
policy of the Harley ministry, in Queen Anne's reign, to encourage the
Episcopal party and the landed gentry of Scotland, and to depress the
Presbyterian. In 1712 they accordingly passed an act (10 Anne, c. 12)
restoring to its full vigour the right of lay patronage, which liad Ijeen

virtually abolished in 16a0. The church became thenceforward divided
into two parties, the supporters of patronage, or the " Moderates," and
the anti-patronage men, or, as they were more lately termed, " Non-
intrusionists." In 1834 the latter party obtained the majority in the
Oeneral Assembly, and on the 31st of May of that year the Assembly
passed an " Overture and Interim Act on Calls," a measure generally
known by the name of the " Veto Act"
To understand the character of this measure, it is necessary to keep

in view the method of collating a qualified person to a benefice in

Scotland. The licensing of a clergyman, and his ordination and
induction to a benefice, are distinct acts. Many clergymen are
licensed to preach who never obtain benefices, and in this position
they are called " probationers." When a licentiate receives a presenta-
tion to a benefice, he presents it, along with an acceptance, to the presby-
tery within the bounds of which it lies, and they pronounce a sentence
sujitaiuing the presentation, and appointing such formalities as the laws
of the church sanction, before tiie presentee is finally ordained and
inducted to the benefice. The object of the Veto Act was to make it

a law of the church that no presentee was to be held fit to be ordained
as minister of a pariah unless he were acceptable to the majority of the
parishioners. Accordingly, by the Veto Act and other rules for

carrying out its principles, presbyteries were directed, when a presentee
laid his presentation before them, to appoint him to preach twice in

the church, and also to appoint a day for " moderating in a call," or
receiving diarants. If a majority of the male heads of families in the
parish in communion with the church dissented, the preeentee was to
be rejected aa an unfit person. There was nif doubt that it waa
within the power of the General Assembly to settle wliat qualifications

should be required, in the way of education, character, &c., of every
presentee ; but the question came to be, whether the church woa
entitled to require such an external test as the acceptability to the
parishioners, and thus virtually counteract an act of parliament under
which important civil rights were heliL

On the 14th of September, 1834, Lord Kinnoul, patron of the parish

of Auchterarder in I'erthsbirc, issued a preHeutation to that parish in

favour of Mr. Yoimg. The presbytery apphed the Veto Act to this

presentation, and it was found that in a roll of 830 male heads of

families, 287 dissented and objected to the presentee's ordination. The
presbytery aooordingly rejected the presentee. An appeal against

these proceedings was taken to the immediately superior ecclesiastical

court, the Synod, and thence to the General Asiiembly, but the acts of

the presbytery were confirmed in Iwth these courts. The next step

was to call in question the proceedings of these ecclesiastical tribunals

in the civil courts. Accordingly an action of declarator was raised in
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the Court of Session by the patron and the presentee, and on the 5th
of March, 1838, the court, by a majority of eight to five, found that
the presbytery, in rejecting the presentee on the sole ground that the
male heads of families in commimion with the church had dissented

TOthout assigning reasons, had acted to the hurt and prejudice of the
pursuers, illegally, in violation of their duty, and contrary to statute.

On the 3rd of May, 1839, this decision was affirmed on appeal in the
House of Lords. Mr. Young afterwards raised an action of damages
against the presbytery, on the ground of his having been a suiferer by
their illegal conduct, and obtained a verdict in his favour. This was
called " the Auchterarder case." The presbytery had refused to retrace
their steps, and had inducted another person before preventive legal

measures could be taken in the matter. But the Lethendy case took a
different shape. In 1835 Mr. Clark received a presentation to that
parish from the crown, in which tlie patronage was vested. A majority
having dissented, he was rejected by the presbytery. In the mean
time the crown, yielding to these proceedings as legal, issued a pre-
sentation to another person ; and thus the two presentees were able to
fight the battle of the legality as a question of patrimonial right. Mr.
Clark not only brought an action into court, as had been done in the
Auchterarder case, but he likewise applied for an interdict, the
counterpart of what is in England called an injunction, and the Court
of Session accordingly interdicted the second presentee from presenting
himself, and the presbytery from inducting him. The presbytery
applied to the General Assembly for instructions, and the Assembly
directed them to disregard the interdict of the Court of Session, and
to put in force the Veto Act. They therefore proceeded with the
induction of the second presentee. On this the majority of the
presbytery were cited to appear before the Court of Session, to answer
to a complaint for breach of interdict ; and on the 14 June, 1839, they
were reprimanded at the bar of the court, and informed that a
repetition of the offence would be followed by imprisonment.
The celebrated Strathbogie case assumed an aspect considerably

different. In June, 1837, Mr. Edwards received a presentation to the
parish of Mamoch, which he laid before the presbytery of Strathbogie,
the majority of whom were opponents of the Veto Act. A majority
of the communicants having vetoed Mr. Edwards, the presbytery, by
the direction of the superior church courts, rejected him. A second
presentation to a different person was granted by the patron, but Mr.
Edwards, as in the case of Lethendy, obtained an interdict against the
presbytery taking any steps in favour of the second presentee, and
raised an action to have it declared that bis own rejection was illegal.

In these circumstances the presbytery resolved to postpone their pro-

ceedings until the courts of law had given final judgment. Mr. Ed-
wards obtained a decree to the effect that the refusal of the presbytery
to take him on trial and induct him was to his hurt and prejudice,

illegal, in violation of duty, &c., and enjoining them to take him on
trial, and act as if no law of the church'such as the Veto Act existed.

The presbytery applied to the superior church courts, which directed
them still to put the Veto Act in force. Thus, being directed by the
courts of law to take a particular step, and by the superior ecclesiastical

judicatories to take one in the reverse direction, the presbytery would
of course act as their own views of a proper jurisdiction in the matter
might direct. The majority being of the moderate party, they de-
cided by a majority that they would obey the courts of law, and they
cousequently took Mr. Edwards on trial, and inducted him. Then
occurred an event from which every one saw that the Church of Scot-
land must inevitably be split in two. On tfie 13th December, 1839,
the commission of the General Assembly suspended the majority of

the presbytery of Strathbogie from their ecclesiastical functions, di-

rected other clergymen to perform their duties, and declared the
minority of the presbytery to be entitled to perform the corporate
functions of the presbytery. On the 27th May, ISll, this suspension
was made perpetual by the General Assembly deposing the members
of the majority of the presbytery, and recalling Mr. Edwards's licence
as a preacher. In the meantime the court of session interdicted the
practical application of these proceedings of the ecclesiastical courts,
directing the interdicts against any clergymen of the established church
usurping the functions of the majority of the presbytery of Strath-
bogie, whether individually or collectively. The execution of the
sentence of deposition by the General Assembly was also interdicted.
Thiu the presbytery of Strathbogie was divided into two bodies—the
one supported by the superior ecclesiastical courts, the other by the
court of session. Both returned representatives to the ensuing General
Assembly of 1842, but it was of course only the former who were
declared by the Assembly to be duly elected, while the civil court
interdicted them from sitting as members of the Assembly,
» At the same meeting of the Assembly, in 1842, a vote was carried
by 216^ to 147, to the effect that patron.ige ought to be abolished. At
the same time the Assembly issued a document called a " claim of
right," against the "encroachment of the civil courts," which was
truumitted to the government, and answered by the secretary of state
for the home department, who left no hope in the minds of the non-
intrusion party that their demands would be compUed with. Some
attempts were made in parliament to carry a measure for legaUsing
the Veto Act, but they may be said scarcely to have had the support
of any party, for those who held that the ecclesiastical courts were
competent to paw luch a measure into a law were not inclined practi-

cally to admit their incompetency by soliciting the intervention of
parliament. A fiu-ther step was in progress in the civil courts. They
had already protected individuals from the effects of the acts of the
church courts by prohibiting these acts from being put in execution.
Proceedings were commenced for having these acts of the ecclesiastical

courts annulled by the civil tribunals as courts of last resort, to which
those who felt themselves injured by the proceedings of any of the
constituted judicatories might apply. The court indicated that it

would give redress, but these proceedings were suddenly stopped by
the event called the " Disruption."

It is the practice for the General Assembly to meet on the tliird

Thursday of May. On its so meeting, on the 18th of May, 1843, before
the roll of members was made up, the late Dr. Welsh, professor of
church history in the university of Edinburgh, who had been mode-
rator or chairman of the preceding Assembly, read a protest against
the constitution of the Assembly, signed by 120 ministers and 73 lay
elders. A copy of this protest being left with the clerk of the As-
sembly, those who had signed it, and their adherents, left the Assembly
in a body, and constituted in another place " the General Assembly of

the Free Church of Scotland," choosing Dr. Chalmers as their moderator.
This step is presumed to have been taken in consequence of the tactics

laid down in the dehberations of a considerable body of the non-intru-
sion party who had met at Edinburgh on the 17th of the previous
November, and conducted its proceedings with closed doors, being
called a " convention of ministers and elders of the Church of Scot-

land." On the 23rd of May an " act of separation and deed of de-
mission " was adopted by the General Assembly of the free church,
and signed not only by those clergymen who were members of the
Assembly, but by others who participated in their views. Thus no
difficulties were put in the way of a complete separation of these per-

sons from the benefits and biudens of the establishment. Whatever
previous differences of opinion existed, and whatever objections there
were to a body such as the General Assembly of the Church of Scot-
laud, entitled to legislate and adjudicate for its own interests and
according to its own feelings, being exempt from the control of the
courts of law, the sacrifice of emolument and station thus made eUcited
general respect and sympathy, and was creditable to the sincerity of

those who made it. The free church are now in possession of large

sums supplied by voluntary contributions, they have established

ministers in nearly every parish in Scotland, have founded a college,

and are widely extending their operations.

But a fresh cause of dispute has arisen. The General Assembly of
the Free Church claims the right of deciding on the fitness and ortho-

doxy of the ministers of the churches in connection with it. The
minister of Cardross having been suspended from the duties of his

office for a definite period, and for assigned causes, by the Presbytery of

his district, appealed from it to the General Assembly, which increased

the penalty by ordering his total removal. From this sentence the
minister appealed to the Scottish law-courts. The General Assembly
demurred to the civil jurisdiction, on the ground that the minister

had subscribed to a declaration that he would confoi-m to the regu-

lations of the General Assembly. The court, however, held that this

could only apply to the ecclesiastical duties, and not to his civil rights,

which had been injured by the General Assembly going beyond the
question which had been submitted to them, namely, whether his sus-

pension should be removed or not. No ultimate decision has yet been
arrived at (January, 1860).

FREEHOLD. An estate of freehold is defined by Britton to be
" the possession of the soil by a freeman ;

" and by Sir WilUam
Blackstone, as " such an estate in lands as is conveyed by livery of

seisin, or in tenements of an incorporeal nature by what is equivalent

thereto." Neither of these definitions is sufficiently precise ; both are

the consequence of the tenure, not the tenure itself.

A freehold, " liberum tenementum," was simply an estate for lite in

tail or in fee, held by a freeman independently of the wUl of the

feudal lord, and the term was used iu contradistinction to the interest

of terms for years, and lands iu villenage or copyhold which might be
determined by the lord at pleaaiu'e. The older law writers distinguished

freeholds as of two kinds, in deed and iu law ; the first being the

actual possession of lands for an estate of freehold ; and the other, the

right to such lands before actual possession taken. Blackstone divides

them also into freehold estates of inheritance, and freehold estates not

of inheritance. Neither of these divisions is of any real importance.

In the absence of a better definition, a freehold may be described to

bo an estate in lands or tenements in fee simple, in tail, for the life of

the holder, or for the life of another person, in dower or by the

courte-sy. Some offices also, held for life or iu fee, are said to be of

freehold tenure.

FREE-SCHOOL. [School.]

FREE-TRADE. [Trade.]

FREE WILL. The perplexity iu which this question has been

involved is perhaps mainly owing to carelessness in the use of terms

;

and yet, however carefully we may select and use our terms in dis-

cussing this question, it has always been found very difficult to state

it clearly. Hartley puts the question thus ;—He " embraces the opinion

of the mechanism or necessity of human actions, in opposition to what

is generally termed free-will ;
" and he says, " by the mechanism of

human actions, I mean that each action results from the previous
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«ir la MS of the body and nted, in tin tame maimer, and wHb
the auDO ocrtainty, • oUior oflboti do from their mochanioal causes

;

M that a person oannot do iadiflbrenUy either oi the aetions A anU its

•ootnuy a, while the previous oiroumstaoces are the aune; but is

under so absohite usewMty of doing one of than and that only.

Ameablr to this, I sunMse that by free-will is meant a power of

iSng ewber th« aetioo A or its oontni7, while the preriuus oiroum-

taaoes lemain the same. If by frve-will be meant a power of be-

ginning motion, this will come to the same thing ; since acoording to

the opinion of mechanism, as here explained, man has no such power

;

but every action or bodily motion arises from previous oircumHtanoes,

or bodily motions, already existing in the brain ; that is, from vibra-

tioas, which are either the immediate effect of impreasions then made,

«r dU remote compound effect of former impreasions, or both, liut if

hjr Irse-will be meant anything different from these two definitious of

U, it msT not perhaps be inconaostent with the mechanism of the mind
here laid down. Thus, if free-will be defined the power of doing what

• person deeires or wills to do,—of deliberating, suspending, choosing,

Ac.,— or of resisting the motives of sensuality, ambition, resentment,

Ae.,—free-will, under certain limitations, is not only'oonsistent with

tiie doctrine of mechanism, but even flows from it ; since it appeata,

from the foregoing theory, that voluntary and semi-voluntary powers

of calling up ideas, of exciting and restraining affsctiona, and of per-

forming and suspending actions, arise from the mechanism of our

natures. This may be called free-will in the popular and practical

aense, in contradistmction to that which is opposed to mechanism, and

whldi may be called free-will in the philosophical sense." This pasaage

is not selected as being a peculiarly sucoeasful statement of the ques-

tion, but simply because it shows with sufficient accuracy what the

matter under consideration is, and that independently of the author's

theory of vibrations.

ytctmtt/, according to the common definition is that quality of a

thing by which it cannot but be, or whereby it cannot be otherwisei

When, m a proposition which affirms any thing to be true, there is a

fixed invariable connection between the subject and the predicate, then

that thing is understood to be necessary. Necessity is opposed to

chance, accident, contingencj-, and to whatever involve.s the idea of

uncertainty and of possible variation. It is usually distinguished into

logical, physical, and moral necessity. Logical necessity consists in

the circumstance that the conception of something being different

frxnn what it is, implies a contradiction or absurdity. In this sense

it ia neoeasaTy that two and two should be four, that converging lines,

it produced tar enough, should meet : thus also the eternal existeuce

of being generally is necessary, as are innumerable uther truths.

Physical necessity has its origin in the establislied order and laws of

the material universe. The necessity, in this case, difers from that

formerly specified, in that it is only conditional, is a necessity of con-

sequence. £vcr}-thing that takes place in the natural world hapi>eus

by vh^ue of certain laws : these laws are known by experience to

operate regularly and uniformly ; and the results of their operation

are hence, with reference to them, said to be necessary. When we
ascribe anything to chance, we merely state our ignorance of the law

or law» to which its existence is to b« referred. Physical necessity is

founded on the relation of cause and effect. By tracing back this

connection, wo arrr>'c at the knowledge of a greet first cause, that is

Ood, who is the only Being cxiHting independently and by an absolute

necessity. His infinity and other attributes are necessary ; and it is

evident tliat the purposes and acts of such a Being must also bo neoee-

ary, being determined by that necessity by which he is what he is.

He most always resolve and act with the most perfect wisdom, justice,

and goodness. To affirm the contrary would be to affirm that he is

different from what he is. Moral necessity has reference to the

volitions and actions of rational agents, and ia intended to express the

connection between these volitions and actions, and certain moral

causes, as inclinations, desires, or motives generally. ^Vhothcr there

be any connection which, strictly speaking, may be termed necessary,

between such motives, and the resolutions of the human will, and the

consequent actions, or whether, independent of them, the will has a

elf-determining power, is an inquiry which has largely engaged the

attention of both philosophers and uioologians. It is one of gre:tt

interest, and which has an important bearing, on whatever relates to

man as the subject of a moral government. [Will.]
The doctrine of a universal necessity, or fatalism, was maintained by

many of the ancient philoaopbers ; and formed the characteristic tenet

of the Stoical aohooL According to it, necessity wss to lie con-

sidered as an ineritable and all comprehending principle, to which
gods as weU as men were subject. Everything was conceived to exist

in a neoeaaary series of oauaea and effects—the whole constitution of

nature—the modes and circumstances of all things without exception
—being irresistibly and unchangeably determined. Hence the
langtiage of Seneoa, the elmnt expounder of the opinions of this sect,

in his treatiae ' On Providence : '—" The same neoeasity binds both
gods and men— Divine as well as human aSkin proceed onward in an
nreaistible stream^^ne cause depends upon another—effects ore pro-
duced in an endleaa series—nmhing (is the ofl^ring of chance."
Democritua held opfaiions closely resembling the Stoical doctrine of
fate ; also HeraoUtus, the founder (of the sect that went by his
name. In modem times, the doctrine of necessity, especially in regard

to Um human will, has been defended by Uobbes, LeibniU, Priestley,
Hume, Kaimas, Hartley, and many others.
The universal language and pnctioe of m^nHiyl imply a belief in a

kind oi free-will. To delihwate, to choose, to determine, and to act
ia pursuance of such determination, are expraasiona in every man'a
mouth, and tliinga within every man'a ordinary experience, twth of
himself and othen. Every man also suppoaee that another will choose
and determine pretty much in the same way that he himself would
under the same external oircumstanoes ; tliat is, each man believes
that every other man will be governed by motives, or will act aooording
to motives, in Um main pretty muoh as he would himjfW When men
act differently under the same external oiroumstancea, the cause of the
difference in conduct is not referred to the oircumstanoes, in whioh it

is here supposed that there ia no diffsroioe, but to some differsnoa in
the persons. We believe, therefore, that cironmstanoea move mta to
act, but that we have at least a certain power of weighing these various
motives and giving the preponderance to one or another, and that
difierent men possess and exercise, this power in different degrees.
This mav be called, in a aense, a free exercise of the will, and every
man, at least who ia of sound mind, bdieves that he baa this power,
and is supposed by others to liave it.

The belief that man possesses this power is the foimdation of laws
which forbid acts under certain penalties. All legiaktors have believed
that the knowledge that a oertain punislunent wUl follow a certain act
if detected, operates in some degne on those who are disposed to do
the forbidden act; that the persona who are by any motives led
towards such act may, and as a general rule will, ddiberate on the
penalty attached to the act before they do it, and will often be pre-
vented from doing it by a comparison of the advantage which they
expect to derive from the act, with the oertain penalty attached to it.

Many persons do not violate the Uw because they have been brought
up in habits of uniform obedience to it, and therefore the penalties of
the Uw have Uttle or no effect upon their conduct ; but it will hardly
be disputed that the fear of punuhment has some effect on many men,
and ia a motive which, operating on the mind and oi>erated upon by
the mind, produces self-reatnint. The enactment of penal laws sup-
poses a power in men to determine how they will act ; or, in other
words, it supposes at least that motives can be presented to men
which shall in some way and in some degree determine their conduct.
That men, then, do act under the influence of motives, and that they

have also the power of weighing motives, is universally admitted, and
for all practical purposes it in immaterial to inquire any further. A
man subjects himself to a certain discipline, he educates liis childien
in a certain method, aud legislators forbid men to do a variety of acts,

—all acting imder the belief that the discipline, the education, and the
rules of law are so many motives, which, by uomstantly o|iorating on the
mind, will produce on the whole a certain line of conduct in thosa who
are the objects of them. *

But it has been already said, that the external circumstances or the
motives being the same, two persons will often act differenUy under
them. As the external motives ore by the supiHwition the same, there
is some difference in the persons which causes the diSereuee of conduct.
Under the same external circumstances, one man will violate the Uw,
and another will not ; one will steal and rob, aud cumnut uiurdor, and
another will nut. It is generally said that the transgressor of the law
is punished un the supiiosition that his act is voluntary ; that he could,
if ho chuse, have acted (Utferently. Practically, he who executes the
Uw will nut trouble liimsclf with the question whether a particular
individual could have acted differently under the circumatancos : if it

is shown that such a person possessed the ordinary understanding of
mankind, he will see no reason for remitting the punishment ; because
he believes that in moat cases, if not in all, the jienalty attached to a
particular act will ojierate to deter people from doing it. The question
of an absolute free-«-iU, then, does not concern a legislator. .It is

enough for him to present the proper motives for acting or not acting
in certain ways, if he believes that such motives will on the whole
produce the conduct which he retjuires. Nor does the qtiustion of

absolute free-will cuucem any uther jKraon who has to direct ur ope-
rate upon others. If he beUevcs that he can place such oircumstanoes
around persons, or present to them such motives, as will cause a deter-

minate course of action, it is unimportant whether he believes that the
course of action is necessarily determined by these cinrnmatouues, or

by these conciuring with other circumstances, or that the persons who
are mider their intltience do in some way or other chooae and deter-

mine to act as he wishes them to act.

But if we examine more closely any particular aot of a man's life,

suppose it to be an act which has about it all the marks of slow deUbe-
ration, in what sense can we aay that this is an act of absolute free-will ?

The ordinary language of mankind assumes the existence of choice,—
deliberation,—and yet it does not permit us to maintain that every act

is an act of absolute free-will. If it is a virtuous act, we <lo not
barely ascribe it to a man's careful consideration of all the motives
wttich at the time operated on lum ; we ^eak of his iiabits, his edu-
cation, his oharacter, as the tiiinga which would ensure his acting on a
given occasion in a determinate way, or, if we so choose to express it,

as securing that exercise of the wul which is called a proper exercise.

And we inake the like remarks of a man who has deUberately done a
bad act. In both oasea we do not attribute the whole conduct of the
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man, nor yet the greater part o£ it, to his then determination. We
refer to antecedent circumstances as co-operatiiig to this determination.

This is the language of all mankind ; and the L-mguage of all mankind,

when rightly analysed, is the tnie exix)nent of universal opinion.

Confused and perplexed as it often is, it contains within it implicitly

the element.s of all philosophy. Now, when we once refer to ante-

cedent circumstances as affecting our determination under the motives

that are presented on any one occasion, we give up the theory of an
absolute free-will, for we make every act of will depend, in some
degree at least, on something prior ; and that something, again, must
by the like reasoning depend on something prior to it ; and thus we
have an infinite chain of events, and consequently we find ourselves

engaged in an inquiry which is beyond the reach of our capacity.

Thus, if, as Hartley says, " by free-wiU be meant a power of beginning

motion," no person can, consistently with his own ordinary language

and that of others, maintain this proposition ; if he does, he will

contradict himself almost as often as he s{)eaks.

Human actions, then, are, in some degree at least, subject to the

same general laws to which other events are subject. Every human
action has its antecedents, on which it in some degree depends ; but
whether every human action is as necessary, in the sense in which
Hume explains the term necessary, as the other phenomena which we
see, is precisely the matter in (fispute. (Hume, Essays, ' Of Liberty

and Necessity.')

When it ia said that every event and every human action haa its

antecedent on which it depends, it must not be understood that it is

meant, here at least, to maintain anything else than this. Such ante-

cedents are events which, according to our experience, precede the

given event uniformly, or at least with sufficient uniformity to generate

in our minds the notion of a certain order or continuity ; for though
any given antecedent event is called the cause of any event which
uniformly follows it in our ordinary mode of speech, we here mean to

express nothing more than the fact of this uniform sequence. The
titmost that we can say is, that the antecedent event is, according to

the constitution of the tmiverse as known to us, a necessary condition

to the subsequent event. Neither heat, nor moisture, nor anything

else that we can name, is the cause or a cause of a seed vegetating and
producing a plant like that from which it came. Heat and other

things are conditions of vegetation as known to us. The efficient

cause can only be one, which must be perpetual, and beyond which we
seek for no other. This efficient cause is no law of nature, a term
which is incapable of all strict analysis. It is the will of God to those

who admit the existence and omnipotence of the Deity. To those who
do not, if there be such, it is something which has never yet been
explained.

Now as all human actions have their antece<lent8, without which,

according to our experience, they could not be, it follows that there

are certain antecedents of every action which are its conditions, with-

out which such action would never be. This cannot be denied. It is

the ordinary language of mankind expressed in a different form. But
still it is perfectly consistent with this to speak of man exercising his

will, that is, operating on the motives which are presented to him.

On any given occasion man is subjected to various momenta, and it

may be admitted that each man will be directed by that which to him
at the time is the strongest. But if a power of estimating different

motives b« admitted to exist in the mind, and to exist in different

men in different degrees, the strength of the motive is not its own
strength acting on the passive mind ; it is the activity of the mind
which according to its power comprehends the motive completely or

incompletely.

It the analogy is soimd between human actions and other phenomena,
and if in other phenomena the antecedents or conditions are not causes,

so neither an the antecedents or conditions of human actions to be

viewed as their caases. Han is constantly subjected to various mo-
menta, motives, or circumstances, as they are often called, without
which he would not act as he does act. These momenta are traced

back by an infinite series to the first cause of all, just as in the bare
physical phenomena, if we trace them far enough, we must ascend to

a first cause. If the analogy then is complete between man's acta and
other phenomena, the operation of all these complicated conditions in

gome way determines the acta of man ; but how it determines them
we cannot telL There is no person who maintains the doctrine of
absolute free-will who will contend that man can set his will in oppo-
sition to that of God. It is possible to conceive that God does will to
let man have free action within certain limits, but not further ; and
all our fonns of speech do either expressly or by implication admit
tliat our will is free to a certain extent, which we cannot exactly
define, but that it is not absolutely free. It may be objected that to
deny %n absolute free-will destroys the distinction between actions

;

that it represents the Deity as the cause of vice and misery. But
even if it should \>e so, that will not prove a thing to be false which is

established by the sound exercise of our understanding. No such
conaeqaence however does follow. To God we attribute the origin of
everything ; and consistently with this we must say that he permits
vice and misery to exist in the world. It is a consequence of man's
nature aa he is constituted, and imder the circumstances in which he
is placed, that he has acted and does act in such a way as to cause
miaery to himself and otheis.

It must therefore be assumed that God has, for reasons unknown to
us, so constituted man that he does not always act in the way that is

most consistent with his own happiness and the happiness of others.
The vicious conduct of many men in life is an object of disapprobation
to others, and in all societies that conduct which is injurious to the
existence of such societies is visited with penalties. Thus a vast
majority of mankind see that certain acts are injurious to the general
happiness, and it is one main object of society to prevent such acts.

As God permits society to exist, we may assume that he wills it to
exist, and that he wills generally the means by which society attempts
to secure its own existence. It is a consequence of this that he dis-

approves of the conduct of those whose acts endanger the existence of
society. We cannot say that he does not will it : it exists, and there-

fore is consistent with his general will. We are compelled therefore

to apply to him by analogy such terms as are applicable only to our
own Umited capacities : and we say that he wills generally that all

things shall be as they are, but that he disapproves of some. That he
permits man so much liberty of action as to render it necessary for

society to be \'igilant against the e^-U doers who would disturb its

repose, is no more an imputation upon his goodness than that he
permits fire, tempest, and war and pestilence and famine to thin the
numbers of mankind. So far as concerns those who suffer, it is the
same thing whether they suffer from the hand of man, or from causes

over which he has no control. It is consistent with all experience to

say that the Deity has willed that man shall suffer pain both through
the agency of matter and through the agency of his fellow-men. Now
if we shall assume that God only wills our happiness in the sense in

which many persons understand it—which would, according to their

notions, exclude all pain and suffering—whatever misery happens
through man's misconduct must be against his general will, and can
only result from man having an absolute free-will, and sometimes
exercising it in a way different from the Deity's wishes. There is no
evading this difficulty. An absolute free-wiU in man or in any other
being is inconsistent with the omnipotence of the Deity, and it is, as

already shown, contradicted by all our observation of the mode in

which man is operated upon by motives and circumstances. But there

is nothing which prevents us from attributing to man, aa we do in our
daily expressions, a power of determining his acts, under given circum-
stances, in one direction rather than in another, and in a wrong in

preference to a right direction. And it is fiui^her admitted by the
universal language of mankind, that the same man who acted wrong
iinder one set of motives, might and would have acted right if he had
been influenced by other motives ; and these motives to right action,

it is also admitted, may be and frequently are external circumstances

over which he has no control. It is true that a man may so discipline

himself, that, in any given circumstances which may arise, he may
have motives at his command which shall enable him to act in the

right direction, a power which Hartley speaks of in the passage at the

head of this article. But if some men can do this, all cannot ; and
even in the case of him who can do it, we may always trace the origin

of this power to some external circumstances over which he had no
control. Man's will then is circumscribed by the constitution of things,

of which he is a part. He is placed in circumstances in which he is

operated upon by various motives to action. If it is said that he must
be determined absolutely by that which is the most powerful, this is

only another mode of saying that of various forces tending to make
him move, the strongest will carry him in its own direction. But in

truth the words force, motive, and others of a like kind, are apt to lead

us to false analogies : and these terms require explanation.

Every man believes at the time when he acts with deliberation that

he has a capacity for exercising a free-will. But he also knows that

circumstances may prevent deliberation. Thus it is a common case

for a man to allege that if he had not been alarmed or hurried, he

would have acted differently ; or in other words, he would have been

enabled to deliberate and decide better. No man considers it to be a

case where the will is properly concerned when his action is thus im-

peded. And there are numerous like cases in life in which in fact

there is no choice or dehberation, and consequently no real exercise of

the will. The power, then, whatever it may be, to deliberate and act,

is often suspended or not exercised. In most cases we act from habit

in the general course of life ; in other oases from impulse ; and when
we act from impulse, there Is no deliberation or detei-minate will. It

appears then that our will is not always exercised when we act, but

that when it is exercised we are conscious of- a capacity to weigh

deliberately the various motives or grounds of action as presented by
our own mental activity. Now if we say that the strongest motive

thus presented must prevail and determine to action, we may, as

above observed, be misled by a false aniilogy. The motive may be

called a moving power ; and if so, it must have its effect : but to deny

the mind all power in itself to resist the motive, is the same thing as

to consider it an inert mass operated upon solely by an external force.

It U the same thing as to make the mind of man a recipient of sensuous

phenomena without any power to operate on them. The systems of

philosophy which view the mind as such a recipient will be consistent

in making it yield to the strongest motive without an effort of its own.

Those systems which assign to the mind a power of operating on im»

pressions may consistently admit a power of determining which of

them it mil obey.
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Ood the oT«»tor of th« imivane it omniaeieiit. To him time put,

fnamt, and future, u on*. Wa ooooeive him u knowing all thingn,

willing all thingi, direoting all things. But our acta of free-will then,

it may b« urged, are Qod^ will, and therefore not man'*. Therefore

fne-will in man in anj aeaae contradicta our notion of Ood'* power.

1N> thia we answer, that man's power to will is here considered as a fact

of which our daily experience oonrinoes ua; and further, that the

asiateoe* of this power is a legitimate deduction from the nature of

man'a mind, which is here sappoaed to have an activity independent

of all aansuous imprcesioaa. It is admitted that if our actions are

viewed in reference to the power of Ood, as we conceive it, we cannot

raooooile our notion of the freedom of our actions with our notion of

the power of God. But there is no contradiction here. Contradiction

implies that the things between which it arises ore equally within the

oogniMnoe of our understanding. It is no contradiction to say that

God wills all men's acta, and that man wills his own. Both things

may be true, though vre cannot comprehend how it is so.

FREKDMAN. [Slavk.]

FREESI.\N. [MCXtCIPAL COBPOBATIOIfg.]

FREiiSTONE. A t«rm applied by practical masons to those de-

Boriptioas of building Ktonea which are able to be worlced with the

ordinary mallet and chisel, in contradistinction to those which are

worked by the pick, or which it is neoessaiy to stun. The various

descriptions of ooUtes, sandstones, limestones, and the softer kinds of

grits, are classed as fnattma, and they may all be sawn, either by the

piste or by the toothed saw ; the granites, the millstone grits, the

DUiTS, and the lavas or basalts, are not included in this class : nor arc

the slate rocks, though they are capable of being sawn by the plate

w. In fiict the term freestone ia only applied to those materials

which are soseeptible of easy oonvenion to the ordinary purposes of

building, and the distinctly marked cleavage of the slate rocks renders

this operation almost impossible in their cases.

FREEZINO is the soUdification of fluid bodies by the abstraction of

the heat neceesary to their fluid form. It occurs by the eSTect of

natural cold in many liquids ; and most of them may be frozen by an
artificial reduction of temperature. It is to be observed, that what
are termol the/rff-iJisr pointi vary greatly in difierent fluids, and their

remaining such at diSerent temperatures depends upon the diS'erent

degrees of power with which they retain the heat necessary to fluidity.

Liquids may be considered an solids in combination with beat, which

exists in them in a latent state, and which they give out bb sensible

heat when they return to the solid form.

In passing into the solid state, cert-tin liquids undergo a sudden and
often oonaiderable change of volume, which may either be on enlarge-

Toeat or a diminution. For example, when mercury is cooled to —39°

Fohr., a great and sudden contraction takes place ; so much ko, that

when observed in a thermometer, it falls through a considerable num-
ber of degrees, and the whole of it may retire into the bulb. The
reverse of this takes place in the case of water. In passing from 38-8°

to 82*, its freezing point, it undergoes a regular expansion ; and in

pamring into the solid state it undergoes a further expoiiHioii, amounting
to one-seventh of its bulk. And so irresistible is this exp.in.sion, that

rooks ate rent asimder by the freezing of water in their crevices ; vessels

and pipes containing water are burst ; and it was calculated, in the case

of a strong brass globe, filled with water and closed by a screw, and
btitst by the freezing of the water mthin it, that the force necessary to

prodnoe this effect amounted to not less than 28,000 lbs. When liquid

phoephoniB is gnuhuiUy cooled it regularly contracts ; and, passing into

the solid state at about 100°, it undergoes a sudden and considerable

contraction. The same observation applies generally to oils in the ]>ro-

ceaa of freezing, and it has been remarked that, in general, bodies which
do not crystallise in freedng undergo a sudden contraction, while those

which do so crystallise undergo a sudden expansion. Sulphuric acid,

Iiowever, in becoming solid, or passing from the solid into the Uquid
tate, does not appear to suffer any chuige in volume. Cast iron, bis-

mnth, and antimony expand in solidifying ; the other metals, however,
oontract in doing so.

What are called freezmg mixtura are such as produce cold by and
during the liquefaction of their solid ingredient, and the consequent
ahaorption of the heat on which its solid form depended. Such mix-
tures reduce the temperature of substances immersed in them on the
principle of the transfer of heat, which always takes place from hotter

to colder bodies when exposed to each other.

The process used by confectioners for producing cold is by the mix-
ture of ice and common salt, which, both liquefpng, absorb so much
lieat, or in other words produce as much cold as will reduce the ther-

mometer from the usual temperature to the zero of Fahrenheit's scale,

or even rather below it. If, however, freshly fallen snow be used
instead of ice, then the fluidity is more suddenly produced and the
cold ia more intense.

In freezing mixtures, tlie substances combined have such an aflinity

for each other that when intimately blended they combine chemically,

and in doing so li(juefy. The operation should be so arranged that no
heat be furnished cither by the vesael in which the liquefaction takes

plooa, or from any external source. Under such circumstances, the
heat abeorbed during the liquefaction must be furnished by the
materials of the freecing mixtiu« (in which case Ute reduction of

temperature will be proportion.il to the quantity of heat rendered

Utent), or by the body which it is Intended artificially to cool or

tofreeie.

Tb» reader will find in works on chemistry many recipes for freecing
mixtures. One or two examples will suffice here. With equal weights
of fresh snow (or pounded ice) and common salt a temperature of—{* Fahr. can be maintained for many hours. A mixture of three

parts cmtalliaed chloride of calcium ana tvro porta of mow will pro-

duce a depreaaion of temperature sufficient to freece mercury. If the
Teasel in which the materials are to be mixed and the diloride be
cooled to 82*, a temperature of —50* can be produced. The most
powerful freezing mixture is formed by dissolving solid carbonic acid

or solid nitrous oxide in sulphuric ether. In this way temperatures of
— 120° to —146* have been obtained, at which alcohol passed from the
oonsistency of oil to that of melting wax. For more moderate tempe-
ratures, certain salts easily procurable may be used. Thus, 4 ozs. of

nitre and 4 ozs. of sal ammonLic, both in fine powder, mixed with
8 ozs. of water, will reduce the thermometer from 50° to 10*. Equal
porta of water, of powdered crystallised nitrate of ammonia, and of

powdered crystalliaed carbonate of soda, will lower the temperature
from 50* to —7°.

FREEZING APPARATUS. The first apparatus of this kind was
an air-pump contrived by Sir John Leslie for the puqxise of freezing

liquids in vacuo.

It is well known that liquids evaporate mor6 readily when the
atmosphere is removed from their surfaces than when they are subject
to its pressure ; the caloric producing the evaporation being that which
exists in the liquid itself, and that which, in consequenoe of the dis-

turbance of the equilibrium, entera the liquid from the neighbouring
bodies : hence, if there be a quantity of stUpburic ether in a Teasel

under the receiver of an air-pump, and in it there be placed a vessel or
tube containing a small quantity of water, on exhausting the reoeiTer

the ether will rapidly evaporate, and, the operation of exhausting being
continued, the vapour will be carried off as fast as it is formed. The
caloric in the water is withdrawn at the same time, and at length the
water is converted into ice.

In order to produce the congelation of water by a rapid evaporation
from its own surface under the exhausted receiver of an air-])uin)>,

Leslie introduced into the receiver a shallow vessel contiining highly
concentrated Bulphuric acid, above which was placed the vessel con-
taining the water. The air being extracted as quickly as possible, the
vapour—which, in consequence of the removal of the pressure, escaped
continually from the water, even at the medium temperature of the
atmosphere—was, by the strong attraction of the acid for it, absorbed
as fast as it rose ; and in two or three minutes the quantity withdrawn
from the water was Fiufiicient to allow a congelation of the water to
take place. Instead of sulphuric acid, any substance which (as dry
potash, muriate of lime, or calcined powder of b.isalt) has a strong
attraction for humidity may be used ; but the first, if highly concen-
trated, is the most efficacious.

The air-pump employetl for the purpose by Leslie was constnictod
in the usual mimncr, but of large dimensions, in order to ol>t.ain ice in

considerable quantities, and the receiver was a segment less than a
hemisphere, that the air contained in it might be extracted as speedily
as possible. The sulphuric acid or absorbent earth was contained in a
shallow vessel of glass, nearly equal in diameter to the biise of the
receiver ; and from the centre of the vessel rose a hollow cylinder, on
the top of which, above the acid or earth, rested the cup of glass, or
rather of unglazed earthenware, which contained the water to be
frozen. Machines of this kind have been varied in different ways, the
last and most successful of which produced great blocks of ice by the
evaporation of ether, and the process of welding slabs of ice as fast as
they were formed. The ether was conducted into a separate chamlier
and condensed, so that it could be used over and over a;^ with little

or no loss. This apparatus was patented by Mr. Harrison, " for pro-
ducing cold by the evaporation of volatile liquids in vacuo, the con-
densation of their vapoura by pressure, and the continued re-evapora-
tion and re-condensation of the same materials." A detailed account
of tins apparatus with diagrams, is given in the ' Pharmaceutical
Journal,' xvi, 477, but we may state briefly that the apparatus consists
first of an air-tight metallic vessel, from which air is removed by a
pump, and in which ether is kept constantly evaporating ; secondly, of
an air-tight metallic vessel, into which the ether vapour as it is re-

moved from the former vessel is condensed under pressure ; thirdly, of
a pump, by which the vapour of the evaporating ether is withdrawn
from the firat vessel and forced into the second, where, as the pressure
increases, it assumes the liquid state ready to be again evaporated.
Thus the process is continuous, and there is no appreciable loss. The
fliat and second vessels are surrounded by water, and the cold caused
by the rapid evaporation of the ether in the former vessel c-iuscs the
water surrounding that vessel to freeze, while there is, of course, a
corresiwnding elevation of temperature in the water which surrounds
the other vessel where condentution takes place. The only expense is

said to be for motive power, which is supplied by a steam-engine of
lO-borse power, and it is stated that 1 ton of coal economically applied,

i» equal to the production of 4 tons of ice. The apparatus was exhi-
bited in London in the summer of 1858, and ia now, we believe, in

Australia.

Leslie, by means of the like apparatus, succeeded in freezing mer-



FKEEZING AND MELTING POINTS. FRESCO PAINTING.

cury by the absorption of caloric from a coating of ice in which the

bulb of a thermometer was enveloped. In the performance of this

experiment, the thermometer waa suspended from a wire which,

passing through a collar of leathers at the top of the receiver, could be
raised and lowered at pleasure. A cup of water waa placed above the

vessel containing the sulphuric acid ; and the bulb of the thermometer,
after being lowered into the cup, was drawn up and suffered to lose

caloric by the evaporation of the adhering water, in the exhausted
receiver : this process being repeated several times, the bulb was at

length covered with a film of ice. The cup of water was then removed,
and the thermometer, having its bulb thus covered, was allowed to

remain suspended about half an hour above the sulphuric acid, the

exhaustion of the air being made as complete aa possible, so that the
column of mercury in the barometer-gauge was within l-20th inch as

high as in a barometer which indicated the density of the external air.

On re admitting the air, and removing the receiver, a portion of the
mercury in the ball of the thermometer waa found to be frozen. In
another experiment, the mercury was inclosed in a mass of ice

worked by heat into the form of a cup, and suspended above the sul-

phuric acid in a small net made of wire. The mercury waa introduced
into the cup of ice, and on it was poured a small quantity of water.

On exhausting the receiver, the water was immediately frozen, so that

the mercury was then completely enveloped with ice ; and in a few
minutes, on removing the receiver, the mercury was found to be
wholly frozen. [Evaporation.]
FREEZING AND MELTING POINTS, a term applied to the

temperatures at which certain liquids become solid, or certain solids

become liquid. Thus, mercury becomes solid at — 39°Fahr., oil of

vitriol at — 30*, bromine at — 4', water at 32°, phosphorus at 1115°,
and so on. These points are also entered as fming points. [Fusion.]
Thus we say that yellow wax, on the reduction of the temperature,
becomes solid, and also, on being heated, begins to fuse at 143'6°,

iodine at 224'6°, sulphur at 239°, tin at 451°, nitrate of soda at

591°, lead at 620°, nitrate of potash at 642°, zinc at 773", antimony at

about 900°, silver at 1773°, copper at 1996°, gold at 2016°, cast iron at

2786°, and wrought iron at about 3280°.

Although there ia nothing essentially different in the passage of

water and cast iron from the Quid to the solid state, yet for tempe-
ratures above that at which water becomes solid, the term yi-efiin.'/ is

not usually applied, but rather the point of tulidification , or, as before

stated, the futing point. It is remarkable that the freezing point of

water, a liquid which expands in freezing, becomes lowered to a minute
but measurable extent by exposing the water to strong pressure.

According to Professor Thomson, of Glasgow, a pressure of 8"1 atmo-
spheres lowers the freezing point 0-106° Fahr., and a pressure of 16'8

atmospheres 0-232° ; whereas, in bodies which contract in becoming
solid, the melting point is found to be raised by pressure. Thus,
spermaceti, which under atmospheric pressure became solid at 117'9°,

imder a pressure of 150 atmospheres solidified at 123°6°.

FREEZING MIXTURES. When certain substances are brought
into intimate contact, a more or less considerable degree of cold is

produced. Such mixtures are denominated freezing mixtures.
The principle on which the action of freezing mixtures depends is

the following. NVhen solids assume the liquid condition a large

amount of heat is always absorbed or rendered latent; and when
liquids assume the gaseous condition a large quantity of heat is also

thus taken up. For example, when a piece of ice having a temperature
of 32° Fahr. is plunged into its own weight of water at 174° Fahr.,

the ice immediately begins to liquefy, but during that liquefaction

enough heat is absorbed by it to bring down the temperature of the
hot water to that of the ice itself; 142 degrees of heat having thus
disappeared, the thermometer taking no note of it. Again, the same
body, water, -wheti exposed in a vacuum under favourable circum-
stances, takes up so much heat in assuming the gaseous condition, that
portions of it are converted into ice ; the one part that boils away
robbing the remainder of the heat that kept it in the liquid state.

From the fact that water in passing from the solid to the liquid
state has the property of taking up, or rendering latent, a greater
amoxmt of heat than any other substance, it follows that solid water
must be a powerful agent in producing artificial cold, and this
is in practice found to be the case. It is employed in the form of
powdered ice or snow, or sometimes combined with certain salts, con-
stituting their so-called water of crystallisation.

Before giving the formulae for some freezing mixtures, it will be as
weU to premise that, as a general rule, the substances composing them
should be finely powdered, rapidly mixed, as large a quantity as wanted
made at one operation, and the whole placed in vessels possessing the
mallest possible amount of conducting power. The greatest amount
of cold obtainable with the substances used, is only produced when
they themselves, as well as the vessels used in the operation, are all
previously cooled by freezing mixtures.

In addition to the freezing mixtures given under Frmzino, the
toUowing may be mentioned aa useful frigorific agents :—

MUturn.
Nitrats of anunonU
Water . . . .
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Thermometer
sinksParts,

J
jFrom -f 50° to +i

Degree of cold

produced.

Thermometer Degree of cold
Mixtures. Parts. sinks produced.

Chloride of ammonium . . 1 ) .,
, .„., , , „„o n.o

Water 4 j
Irom -l-SO' to -J-23° =27°

Sulphate of soda . . .31,, , ,„, .. ,

Dilute nitric acid . . . 2 }
From +50' to - 30' =80°

Sulphate of soda . . , 6
j

Nitrate of ammonia . . . 5
J
From -]-50'' to - 14" = 64''

Dilute nitric acid . . • ^ ;

Phosphate of soda . ..9)^^ ,k„3. ,„-,
rv-i : -* -J A J From -f 50 to - 12 = 62Dilute nitnc acid . . . 4J

-rvw lv * — o^

Sulphate of soda . . . 8)_
, -^0 . -a

Hyirochloric acid . . S }
^""^ + 50' to - 3° =53°

Snow 12 1

Common salt . . ' ^ r
From -f 32^= 57'' to - 25"^

Nitrate of ammonia . . . 5 )

iTdTociloricW . . :
5}^°™ +32^'°-"' =59"

cXrid; of calcium .
". .'

5 }
From -^ 32° to -40° =72°

Chtoide of eilcimi (crystals)' I }
^'°'" " "° '° " "' = "'

The rapid evaporation of ether in vacuo has recently been rendered
available for the manufacture of ice upon a large scale, and as the
ether is evaporated and condensed again by steam power, it may be
truly said of the process that it produces ice by the combustion of
coal. It is found that the combustion of one ton of coal yields about
five tons of ice.

For common experimental purposes the most convenient freezing
mixtures are the sulphate of soda and hydrochloric acid, or salt and
powdered ice.

FREIGHT. The charge made for the carriage of merchandise in a
ship, and the amount of which is generally specified in the bill of
lading. [Bill of Lading.] It frequently happens that the whole
ship is hired by a merchant for the performance of the vojage, and in
this case a certain amount of freight is paid without reference to the
quantity of goods actually put on board, which rn-ay be sufiicient to fill

the ship, or any quantity short of the same. In such cases the mode of
payment is part of the matter of agreement between the ship-owner
and the merchant, and the instrument by which this and other stipu-
lations are set forth is called a charter-party. Where no such instru-
ment exists, and the shipper of goods does not stipulate for the right
of using the entire portion of the ship appropriated to the reception of
her cargo, the amount of the freight, as well as the mode of payment,
is usually inserted in the bill of lading. Where this is not done, the
freight is by law considered due on the part of the merchant on the
delivery of the goods, and the owner or master of the ship may, if so
minded, demand payment of the same, package by package, as the same
are delivered. In almost all branches of trade, however, some custom in
this respect has arisen which is ordinarily pursued, and the legal rights
of the ship-owner are not enforced in this respect. In London, where
the greater part of the merchandise brought from foreign countries is

delivered into the custody of one or other of the incorporated dock
companies, a custom has arisen of arresting the goods in their hands,
so that they cannot pass away from the original importer until the
ship-owner, or some person acting on his behalf, has signified in writing
that the freight has been paid. If goods are damaged on board the
ship, through the carelessness or wilful neglect of those in whose charge
she and her cargo are placed, so that the owner of the ship is held to
be liable for the amount of the damage, this cannot, but with the con-
sent of the owner or master, be set off against the amount of the
freight, which must under all circumstances be paid, and the merchant
must afterwards substantiate his claim to compensation for the amount
of the damage.
FRENCH CHALK. [Colodbino Matters.]
FRESCO PAINTING. A painting is said to be a /m?co, or painted

in fresco {tul fresco intonaco, upon the fresh coat), when it is executed
in water-colours upon a freshly plastered wall, while the plaster is still

wet ; or upon wet plaster spread upon a wooden frame or any other
object. Fresco is the most noble and imposing of all methods of
painting. It does not admit of the softness, delicacy, or finish of
execution, or the richness and depth of colour, of oil-painting; but the
very want of the inferior beauties compels the painter to rely upon the
highest intellectual conception, composition, drawing, and expression,
united with a largeness of style and freedom of handling, which can
only result from great technical knowledge. It is therefore only in

the bands of the great painter that fresco is likely to be really successful.

Colouring in fresco was practised by the ancients, though it has
not yet been shown that they painted frescoes. Some of the walls at

Pompeii are coloured in fresco, but their decorations are executed in

some species of tempera upon the fresco coloured wall. This is evident,

because in many places the paintings have cracked ofi', and exposed the
original colouring of the ground in perfect freshness, and the same ax
the rest of the wall where no decorations are painted. The Roman
term equivalent to fresco is ndo tectorio, and it is used by Pliny ( Hist.

Nat.' XXXV. 31), who gives directions as to whiit colours it is safe or
unsafe to apply in this manner. Vitruvius (vii. 3) explains the mode
of preparing the walls for this species of colouring, and describes a
method of varnishing them when coloured, to preserve them. They
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Sn* sovarad Um wall with a layar of ordinary plaater, orer which,

wlwn dry, they pUcad auccimaJTaly thrae othorUyem.of a finer qtuility,

mixed with bum ; above thaae they placed again thrae layara or coats,

«l a oompoaition of chalk and marbla^uat, the upper ooata in thia caae

being each added baiora the under one w<a dry, and lueeeaaively of

finer qualitiea. By thia elaborate prooeaa the plaater tormad a aolid

maaa, aa it were, of marble ; waa capable of being out away and trans-

ported in a wooden frame to any diatance ; and sometimea even tables

were formed of iL (Vitruvius, iL 8 ; Pliny, xxxy. 49.)

The pi'oeeaa of Tamialiing the walls when culoured, YitruTius t«nnn

(viL 9) • Greek practice, called Kavais, " a burning." When the w.ill

waa ooloared and dry, Punic, orpuri6ed and bleached, wax, melted and
tempered with a little nil, was rubbed over it with a hard brush ; this

waa made smooth and even by applying a cauterium, or iron pan 611ed

with lire ooala, to the surface, near enough to melt the wax : it was

then poliahed with a linen cloth. [Excaustio P^intiko.]

Fireaoo waa not generally practised by the early Italian painters, and
H spears to hare been first used in the 14th century, simply as a
preparatory prooeas, the work being finished in tempera. The earliest

wons inbwm frttn are in the Campo Santo at Pisa (about 1 390) , in the

church of Aasiai,in the cathedrals of Orvieto and Siena,and inSan Miniato

•nd Santo Spirito at Florence. Thenceforward the practice of fresco

improred with the progress of the art of painting, until it reached its

greatest exoellenea in ^e hands of Michel Angelo, Bafbelle, and their

oontemporariea, wfaoae greatest works were all executed in this manner.
With the daoline of the art, fresco fell gradually into disuse. Its revival

dates from about 1816, when the young German (laioters, Cornelius,

Overbeck, Yeit, and Schnorr, undertook to paint with frescoes the

Villa Bartholdy at Rome. Ludwig, then crown-prince, afterwards

king of Bavaria, warmly patronised the new art,and at a large expendi-

ture, continued through many years, afibrded the young painters ample
opportuuitios for a thorough study of the works and processes of the

old masters ; and, in the magnificent Glyptothek, the Ludwigs-Kirche,

the new paiace, and the Pinacothek, at Munich, of exercising their

own powen on a colossal scale. With Hess, Kaulbach, and other

German artists, these, the earliest practitioners, have succeeded in

restoring the art to nearly all its former supremacy ; and many of their

paintings rival in purpoee and magnitude, if not in power, the most
Lnportant works of the great masters of Italy. Fresco has also been
practised to a considerable extent in France, and some excellent works
nave been produced there. In our own country great attention was
called to the process, by the recommendation of the Commissioners of

the Fine Arts that the new houses of parliament should be adorned
with fresco-paintings. As is well known, in pursuance of this recom-

mendation, a large number of fresco-paintings have been executed with
more or leas success by artists of eminence in the house of lords,

robing rooms, peers' and commons' corridors, and various chambers.

Some of these are highly effective works, but as a rule English painters

have not as yet acquired sufficient familiarity with the process to work
in it with the necessary freedom and decision. Of the earlier frescoes,

especially those of subjects from the English poets in the upper
waiting hall, some have greatly faded or otherwise changed in

appearance, owing as is believed to damp in the walls. In the frescoes

recently executed, and now in course of execution, much greater pre-

caution is taken to ensure their permanency. The exxunpla set in the

new palace of Westminster has not hitherto been so extensively

followed in this country aa might have bwcn anticipated. The principal

frescoes since executed here have been a series in a garden Ktloon at

Buckingham Palace ; those by Mr. W. Dyce, R.A. (already distinguished

by his frescoes in the new palace), above the altar at All Saints',

Matnret Street ; and the ' School of Legislation,' by Mr. WatU,
which covers the north end of Lincoln's Inn Hall This last is pro-

bably the Urgeet fresco executed since the time of Michel Angelo,
with the exception of the ' Last Judgment,' by Cornelius, in the

Ludwigs-Kirche, Munich : the Lincoln's Inn fresco is SO feet by 84

;

tlMt at Munich, 60 feet by 30.

1. WttlU.—We now proceed to give a more particular account of the

processes employed in fresco-painting. Frescoes are painted on four

diflisrent kinds of walls : in the old gothic buildings, on ashlar walls

covered with a thin coat of plaster ; in mora recent buildings, on brick

and rubble walls ; and in aome of the moat recent ediBces, on lath

covered with various thicknesses of plaster. In many old buildings

the walls as built were very uneven, and no attempt was made by the
plaaterer to correct a defect so detrimental to the appearance and pre-

arvation of a painting,,through the settlement of dirt and the injury it

undergoes in cleaning. The plaster is liable to fall away from ashlar

mlla, especially if the stones are large and the jointa close, as in the
cathedrals of Siena and Orvieto ; in the church of Assisi, where the

tonesan small and not closely jointed, the plaster has a better hold and
k ganenllT still firm, but asUar walls condsoss the damp and are the

worst of all walla for frescoes ; brick, rubble, and lath are much better,

and nearly all equally good if well oonstruoted. Mr. Wilson, then
director of the Uovemment School of Deaign, in his report to Her
Maiesty's Commissioners on the Fine Arts, respeotiag the state of the
middle age treaooea and other mural pointing.—to inquire into which
subject be was expressly sent into Italy—ascertained upon what species

of wall the Tsrioua frenoes of the most eminent Italian painten were
executed, and reported aa to the actual condition of those works.

with refarenoe to the walls on which they are painted, and the reault

is, that those exeeuted on brick are the most general, and in the best

stiate of pceserration : equality of surbce being a great advantage which
the brick wall haa over the rubble wall Many of the best of the old

frescoes however are upon rubble walls, and unfortunately upon badly

oonitraoted walls of this description, aa those of Santa Mana Nordu
at Florence, and St. Cecilia at Bologna. The older walls of the Vatican

are of rubble, or of alternate courses of rubble and brick, or rubble and
tufo, a coarse porous volcanic stone, and are thickly coated with rough-

cast, or coaree plaster of sand and lime mixed. He ' Trionfo della

Morte,' by Orcagna, in the Campo Santo at Pisa, is painted upon lath,

and is the best preserved freeoo there. By this provision his work was
protected from the damp which rises frotti the soil, and that which
infiltrates from Uie roof ; the sea air therefore cannot have injured the

oAer frescoes, or it would have injured this likewise. There are many
fr«coes at Florence and at Venice, on lath, and all are in tolerable

preservation ; many vaulted or coved oeilingi are of lath, plastered

above as well aa below. The freacoea in the new palace at Westminster

have been executed on lath, but in the moat recent ones the laths have

been fixed to a panel of slate 1 4 inch thick, a space for air half on inch

deep being left between the laths and the ^ate by means of battens at

the ends : the method is shown by aid of diagrams in the 11th Report

of the CommiasionerR of the Fine Arts.

2. Platter and Lime.—The method of plastering the wallsfor painting

has been nearly miiform in most ages. The walls of the baths of Titus

at Rome are covered first with a layer about half an inch thick of

coarse sand and lime ; above thia a thicker layer of lime and poEzolana,

with an admixture of sand and pounded bnck ; the third and upper

coat is of lime and pounded marble. The third loggia of the Vatican,

painted by Qiovanni da Udine, is much the same as this ; the first

layer upon the lath is a thin coat of coarse sand and lime, the second

is ^80 a thin coat of lime and pozzolana, and the third is of lime and
marble-dust, but not finely pulverised.

In all plaJstering for fresco painting the lime should be rather old,

even in the first coat or rough-cast ; but it is indispensable in the last

coat, or inlonaco, upon which the painting is executed. Various di-

rections are given by writers on art as to the proportions of lime and
other materials for the several coats, and they all agree in essentials.

The oldest writers are Cennino Cennini and Leon Battista AlbertL

Cennini's ' Tnittato della Pittura' was written in 1437, but was first

published in Rome by the Cavaliere Trambroui in 1821 ; an English

translation of it, by Mrs. Merrifield, was published in 1844. The work
of Alberti, ' De Re E>lificatori&,' though written after the treatise of

(Cennini, was published shortly after Alberti a death, in 1485, by his

brother Bernardo.

Cennini recommends that both lime and sand should be well sifted,

and if the lime be rich or recently slaked, that there should be two
parts of sand to one of lime ; that enough for fifteen or twenty days

should be prepared at a time, and that it i^ould be kept for some days

to render it less caustic, for if too caustic, the intonaco will blister,

Alberti speaks of three coats as necessary : in the first, or rough-cast,

he recommends the use of pit sand and pounded bricks ; in the second,

or sand-coat, he recommends river sand; in the third coat, which
should be white, he recommends pounded white marble instead of

sand; but finely sifted well-washed river sand makes a superior

intonaco : these three coata were called by the Italians—the rituaffato,

ruugh-coat; the an-iciato, sand-coat; and the inUmaeo, the freeoo

ground. Cennini speaks only of two coats, both of which he terms

intunaco. Similar dii-ections in essentials are given by Armeniui, in hU
treatise ' De' Veri Precetti della Pittura,' Ravenna, 1S87 ; at the end

of the treatise on perspective, ' La ProspetUva,' by Andrea Pozzo,

Rome, 1698 ; and in still greater detail by Palomino, in his work ' El
Museo Pictorico y Escala Optica,' Madrid, 1715. Various other

writers also have given more or leas concise dinsctions for fresco painting,

but they contain scarcely any information that is not given at greater

length in the above-mentioned works, from which Sir C. J< Eastlake

made several important extracts in an Appemlix to the ' Report of the

Commisaioners on the Fine Arts ' for 1842. What follows here from the

directions of Cornelius, Hess, and other eminent contemporary fresco

painters, from the same Report, agrees in every material point with

the advice of thoae earlier practitioners in the art.

The selection of the limestone to be employed in fresco painting,

both for the ground and for the white, ia a matter of great importance ;

it ahould be nearly pure car^nate of lime, and should contain aa few

foreign materials aa possible. The early Italian painten found Traver-

tine the stone beet fitted for the purpose ; it is in great abundance iu

Uie Roman C^ampagna, being a deiwsit or calcareous sediment from the

streama of water which run from the Apenninea, which consist in

Ceutral Italy chiefly of a soft limestone. Travertine oonmsts of a carbo-

nate of lime, with an cxlremely minute portion of alumina and a trace

of oxide of iron. lU Ume is pure white. The lime used now by the

Florentine fresco painten is so nsarly pun carbonate of lime that no

appreciable quantity of any admixture can bo detected. The limestone

used by the painten of Genoa is also of the purest white, and in

extremely good ; it contains about one-third carbonate of magnesia.

The Genoese fresooee, notwithstanding their vicinity to the sea, are

perfectly dunble. The first fresco that waa executed in Oenoa, accord-

ing to Soprani, is still in excellent preservation ; it is the Annunciation
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ol the Virgin, in Santa Maria di Castello, painted by Justxis de

Alemania, or Justus of Germany, in 1451. The lime used by the

fresco painters of Munich is made of the marble pebbles brought

down from the Bavarian Alps by the Isar. Excellent limestone for

the purpose is found ako in England, on Durdham Dow-n, in the

neighbourhood of Bristol, and in other parts. Analyses of all these

and other varieties are given in the Reports of the Commissioners of

the Fine Arts.

Modem fresco painters recommend the lime to be kept a much
longer period than Cennini and other early writers direct. If used too

fresh, it blisters, and sometimes turns the colours to a brownish red

;

its caustic quality requires to be mitigated, but not destroyed, before it

is used. On this subject Sir Charles Eaatlake's Report contains several

scientific observations, upon the authority of Mr. R. Phillips, from
which we learn that the non-caustic state of lime is arrived at when,
by exposure to the air or by other means, it is restored to the state of

a carbonate or has regained its maximum of carbonic acid. If buried

and kept air-tight, it cannot acquire the carbonic acid which renders it

non-caustic. Time therefore has no effect on pure lime, whether
slaked or unslaked, provided it be not exposed to the air or some other

source of carbonic acid.

The lime used for the intonam in fresco painting must, however, not
be entirely carbonated, or it would not set; a certain degree of

causticity is necessary—how much, however, can be learnt probably
by practice only ; and this is the greatest practical difficulty in the

art. The picture must be executed while the intonaco is wet or soft;

no more work therefore ought to be commenced than can be com-
pleted within the time (a few hours) that the plaster reqtiires to

harden. Numerous joints are thus necessary in a large fresco, and
the judicious painter will contrive that these joints shall be identical

with the inner outlines of the parts of the figures and their draperies,

or any other object, so as to be no disfigtirement to the work.
ComeUug recommends the following mode of preparing the lime.

A pit, lined with brick, is filled with clean burnt Umestones, which,
on being slaked, are stirred continually until the substance is reduced
to an impalpable consistence. Clean river-sand is then spread over the
surface, to the depth of a foot or more, and then the whole is covered

with earth so as completely to exclude the air. It is allowed to remain
io this condition for at least three years : it retains its moisture for

many years. It is excluded from the air, for the reasons assigned

above, that it may retain its causticity, and not become entirely

carbonated. But there appears to be no real necessity for keeping the
lime so long buried ; and river-eand should be used with great caution.

Wishing to employ a ground darker than the usual white intonaco for

tome of the paintings he was engaged on In the new palace, Mr. Dyce
procured specimens of the dark gray sand of the river Lime in

Yorkshire, and_ " the result was encouraging." But desiring to be

assured as to its* chemical properties, be applied to Professor Hofmann,
who, on analysing it, discovered that the dark colour was attributable

to the presence of iron pyrites, and pointed out that an " intonaco
deriving its tint from such a cause, when exposed to the action of the
atmosphere, is likely to crumble much sooner than one in which sand
free from iron pyrites is employed." But as Sir R. Murchison
observed, river sands nearly always " contain impurities and oxidisable

substances which would be sure to affect the intonaco." " The analysis,"

continues Sir Roderick, " of the old Paduan frescoes (of Giotto) shows
that there was scarcely a trace of iron in the Italian mixture, which
WM, I dare say, made up of the purest sihcious sand which could be
procured with one of the crystalline limestones or pure marbles of the
eountry, nearly all of which contain some magnesia. The sculptors

may aid the painters, and the rejeclamenia of the former may prove
the best |)088ible material for mixing up with the pure white sand, for

it is highly charged with carbonic acid. Besides, by this process one
half of the material would be Italian, and possibly, if not probably, the
very lime used by Giotto." (Eleventh Report.) This last is a hint
well worth attending to.

8. Exteution of the Frcico.—Cornelius recommends three years' in-
terval between the rough coating of the wall and the commencement
of the actual preparation for painting, unless the lime used in the first

instance be very old, when between six and twelve months will be
sufficient. Before laying on the intonaco the prepared ground must be
repeatedly wetted with rain-water or boiled water, or still better,
distilled water, untU it will absorb no more ; then a thin moderately
rough coat of plaster of sand and lime must be laid over as much of
the wet surface as can be painted in one day; as soon as this coat
begins to set, in about ten minutes or so, another thin coat must be
Uid on with a wooden trowel, somewhat fatter, that is, with more lime
•nd less sand, x)r with about equal parts of Ume and fine river-sand

;

both l&yers together being scarcely a quarter of an inch thick. Upon
this coat the fresco is to be painted ; if the surface as left by the
wooden trowel is found to be too smooth, it can be made slightly
rough with a dry brush. This intonaco will be fit to paint upon in
about a quarter of an hour : it is h.trd enough to receive the colour as
soon as it will not yield to the pressure of the finger ; if too soft, the
wet brush will wash up the sand. The first process in executing the
picture Is to pounce or trace the outline of the allotted work, from the
expressly prepared cartoon, of the same size as the fresco, upon the
inUmaco with a hard point (the artist must please himself as to the

method of tracing); then the painting may be commenced in thin
watery washes, from the finished coloured sketch, which must be
placed so as to be conveniently seen while at work ; for the proce.s3 of
fresco-painting should be simple copying ; the mere execution requires
so much attention, that it is necessary for the painter to be relieved of
every other consideration. After the first wash is finished, an interval
of twenty or thirty minutes should be allowed for the absorption of
the water before commencing the second painting, otherwise in
retouching and elaborating the design the surface would be washed up
aud the work destroyed. While the intonaco is wet, a repetition of
the same tint will have the eflect of a darker tint, as in water-colour
dravring : the retouches for strengthening and rounding should be
hatched, and, where great depth or force is required, repeated
hatchings are necessary. The surface must be constantly kept moist
(but not wet) while painting, or the superadded colour will not imite

with what is beneath ; the work is finished by glazings and washings.

When the portion of the picture allotted for the day's work is com-
pleted, the superfluous portions of the intonaco should be caref\illy

cut away. In the next day's operation the surface must be wetted
as before, and the edging of the finished piece carefully moistened
with a brush. If it should be necessary t» leave the work for an
hour or two, it may be kept moist by pressing a wet linen cloth

against it, by means of a board padded and covered with a waxed
cloth ; the board may be propped against the wall by a pole from the
ground.

If a piece of work should be unsatisfactorily execvited, or accidentally

damaged, it must be entirely cut away, and the whole operation be
commenced afresh. A fresco cannot safely be retouched when dry,

but if retouched the vehicle should be vinegar and the white of egg

;

this answers well for the shadows : the lights are sometimes heightened
by crayons made of pounded egg-shells. It is useless, however, to

retouch a fresco in the open air, a& the rain would wash all retouches
away ; the fresco itself is not injured by rain.

The colours used in fresco-painting are all ground and mixed in
water, boiled or distilled ; they are chiefly earths ; no vegetable and
few mineral colours can be used with safety, but there is a mode of

rendering vermilion durable. The white used is exclusively lime,

which has either been well washed and long kept, or, by boiling and
repeated manipulations and drying, is rendered less caustic. The
following colours are used by Hess, the eminent German fresco-

painter;

—

yellow, all kinds of ochres, raw siena; red, all kinds of

burnt ochres, burnt siena, oxides of iron, and lake-coloured burnt
vitriol

;
green, terra-vert, or Verona green, cobalt-green, and chrome-

green ; blue, ultramarine pure and factitious, cobalt. These colours

are perfectly safe ; chrome-yeliow and vermilion are also used, but
not m every case with success. Lime destroys all animal and vegetable

colours.

The tints should be carefuUy prepared and kept in pots, and if a

great quantity of any one tint should be required in one picture, it

should all be prepared at once, as it is almost impossible to match tints

exactly, as they are of different degrees when wet and when dry.

The brushes are of the ordinary materials, but should be somewhat
longer than those used in oil-painting. In addition to hogs' -hair tools,

small pencils of otter hair in quills are used : other hairs will not
resist the lime, which bums and curls them. The palette, commonly
made of tin, with an edge to prevent the colours from running off^

should be covered with varnish, to preserve the tin from rust.

To know when to leave off is a great art in oil-painting, but in fresco

it is of the utmost importance. On this subject Hess says, " If the

touches of the pencil remain wet on the surface, and are no longer

sucked in instantaneously, the painter must cease to work, for hence-

forth the colour no longer unites with the plaster, but when dry will

exhibit chalky spots. As this moment of time approaches, the

absorbing power increases, the wet brush is sucked dry by mere
contact witii the wall, and the operation of painting becomes more
difficult. It is therefore advisable to cease as soon as these indications

appear. If the wall begins to show these symptoms too soon, for

example in the second painting, some time may be gained by moisten-

ing the surface with a large brush, and trying to remove the crust or

setting that has already begun to take place : but this remedy affords

but a short respite."

Fresco-painting as thus described is sometimes termed by Italians

iuon-/re«fo, to distinguish it from another method which they term

frctco-tecco, dry fresco.

Freaco-iecco is practised at Munich as follows, as described in Mr.

Wilson's report :—The plastering of the wall havuig been completed

as for buon-fresco, the whole is allowed to dry thoroughly. Before

painting, the surface of the intonaco must be rubbed with pumice-

stone, and on the evening of the day before the painting is to be

commenced, it must be thoroughly washed with water mixed with a

little lime ; it must be wetted again the next morning, and it is then

ready for pouncing or tracing the outline, and painting ; the wall must

be kept constantly moist by means of a syringe. The colours used are

the same as in buon-fresco, and the work is very durable. All fresco

painters do not trace their outlines from cartoons, but it is the safest

practice, and has been adopted by all the best masters. Frcsco-secco is

a good method for decorative painting, for which it is now much
emjjoyed.
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4. CUanimy and tnta^ftrrUg Aiewoa.—Framoaa an bart olwnsd

with bratd. Tb« mouldy appaamooa which loiiietima* (hows itaeU

etn be ramovad with » wet tpooge, uiUem it ariie (rom nltpetn in

the wall*, in whioh osm there is no remedy. Thew iujuriee must be

provided againat in the constnictioa of the walls ; the vertioal progreas

ot damp may be iotanepted by coTering one of the lower oouraes of

brioka or atooM with abeet lead, which must be protected on each

aide by a ooat of pitch ; the wall may be then continued aa usual.

FVwooea may be nfely washed with a soft sponge and water ; vinegar

and wine may likewiae be used with safety ; even frescoes that have

been whitewashed over can be washed dean. The fresooea by Raflaelle,

in the Stjuize of the Vatican, though covered with nearly two centuries

of dirt, were washed with wine by Carlo Maratti.

Aa many valuable freacoea. U left in their original localities, must
have inevitably perished, through the bad constniction of the walls,

unfit situations, or from other causes, the invention of some mode of

•moving them from their objectionable situations became an object of

great interest, siid several very ingenious methods of transferring

Sreaooea from walls have been devised, and often practised with

soooeas. Mr. Ludwig Qruner removed and transferred to canva>, in

1829, at Brescia, some frescoes by Lattanzio Oambara, in the convent

of St. Eufemia, in the following manner :—the first process was to

dean the wall perfectly ; then to pass a strong glue over the surface,

and by this means to btsten a sheet of fine calico upon it. The calico,

being made East by the glue to the irregularities of the wall, was itself

ooTered with ^ue, and some strong Unen glued over it. " In this

•tate heat waa applied, which caused the glue, even on the fresco, to

sweat through the cloths, and to incorporate the whole. After this a

third layer of strong cloth was applied on a new coat of glue. The
whole remained in this state two or three days (the time required may
vary according to the heat of the weather). The superfluous cloth

extending beyond the painting was now cut off so as to leave a sharp

edge : the operation of stripping or rolling off the cloths began at the

comers above and below, till at last the mere weight of the cloth and

what adhered to it assisted to detach the whole, and the wall behind

appeared white, while every particle of colour remained attached to

the cloth. To tnmsfer the piunting again to cloth, a stronger glue is

used, which resists moisture, it being necessary to detach the cloths

first used, by tepid water, after the back of the painting is fastened to

its new bed."

Some frescoes by Paul Veronese, in the Morosini villa, near Castel

Franco, were transferred by Count Balbi of Venice. Cloth was

fastened to the wall by means of paste made of beer and flour, and

rivetted to the irreguiarities of the surface by means of a hammer
composed of bristles.

CuMignars, Del DUUuco ddU PiUurt a Fraco, 1825, in ' Antologia

di Firenie,' voL xviii. num. 52 ; Baruflaldi, VUa di Antonio Contri,

Pittore e Silmuore di PiUurt deU Muro, Venice, 1834 ; Forster, Beitrage

utr neuern Kunt'gacluchle, Leipzig, 1835; Cenni, Sopra diverse

PiUurt tltuxatt dal Mu>-o t tratportate >u Tela, &c., Bologna, 1840

;

EasUake, Material! for a HUtory of Oil Painting, 1847, (chap, vi.);

Contribution* to the Literaturt of the Pine Art* ; Mrs. Merrifield, Original

Trtatite* dating from the 12th to 18th centuriet on the Art4 of Painting,

2 vols. 1849 ; Taylor, Manual of Pretco ami Bncauttic Painting, 1843

;

the Appendices to the ReporU of the Commissimters on the Pine Arts,

ftwm the 2nd Report published in 1842, to the 11th published in 1858,

which contain much important matter connected with fresco-painting,

including many details on subjects to which there is not space in this

article even to allude.

FRET, in musical instruments ot the stringed kind, is a wire fixed

in the neck, for the purpose of marking the exact part of the finger-

baud to be pressed for the purpose of producing certain sounds.

Frets are now never applied to any instruments except guitars,

lutes, kc.

FRIARS, from the French frires, a term in strictness meaning the

brethren of a community, but more particularly applied to a new order

of religious persons, who mostly sprang up at the beginning of the

18th century, and were encouraged in the hope of restoring rcsjiect to

the monastic institution, the ample endowments of which bad led it to

dageoerate from its primitive austerity, and yield to luxury and

iMulgenoe.
The frian oonsisted of Dominicans, Franciscans, Carthusians, Cis-

tercians, Trinitarians or Maturines, Crossed or Crutched Friars, Austin

Friars, and Bonhommea or Good Men. These last were brought into

England by Edmund, earl of Cornwall, in 1283, and a colony of them

was placed at Ashridge in Buckinghamshire. The Capuchins and

Obwrvants were distinctions of the Franciscan Friars.

Accounts of the principal orders will be found imder their respective

beads.

FRICTION. The rubbing together of two substances, in the

course of which action (in mechanical operatioDs) a resistance is

developed to the motion of those substancea. The resistance of

friction is produced by the aiit>erities, or unevenneas, of the rubbing

Burfscea ; for however perfect the polish of those surftkces may be,

there are always irreguUrities of height, or of hardneas, in the mole-

culea of the respective bodies of a nature to allow some ot the particles

of the upper one to force themselves into the depreasions, or softer

particles of the lower, from whence they cannot be removed without

praaentd
rrictivn

tha axareiaa of a force opposed to the continuance of motion. At the

it day it is customary to consider Friction under two heads, the

« of sliding, or that whioh is produced when the moving body

constantly over the same part of the fixed surface, or rice vtrsd ;

and tha Prietion of rolling, or that which is produced when the parts

of tha sur&oes of contact are constantly changing their relative

poaitioaa.

Amontons, Bulfinger, Parent, Buler and Coulomb, were amongst
the earliest writeia on physics who treated the subject of Friction,

and thair researches have been confirmed and developed by the labours

o( Ferguaaon, Vinoe, Navier, Morin, &c. The laws deduced by these

obaervers may be thus briefly stated.

1. Friction is proportioiui to the normal pressure which the

surfaces of contact exercise on one another, but it varies according to

the n.-kture and the state of the surfaces of contact, and is independent

of the velocity of movement, or of the extent of the surfaces. The
above law is, however, limited in this sense, namely, that when the

pressure exceeds a certain point, the sur&cea are as it were driven into

one another, and the friction of the bodies in motion increases without

any apparent rule ; it becomes in fact abrasion.

2. When bodies have been for some time in contact, especially if

they should be of a compressible nature, the sliding friction will be

found to be greater at the commencement of motion than at a subse-

quent period. A slight blow in the direction of the intended motion

will produce a sufficient movement to obviate the eSects of this

temporary increase of resistance. The coefficient of friction is the

term applied to the force which it is necessary to exert in order to

overeome the resistance directly opposed to motion ; and, as it is pro-

portionate to the normal pressure exercised by the two surfaces in

contact, it is expressed by the simple formula /= -, in which /=the

coefTicient required, p = the resistance ascertained experimentally; and

p= the pressure. Elaborate tables of the coefficients of sliding and

rolling friction have been lirawn up by Morin ; and others ore quoted

by Poncelet in his ' Introduction h la Mdcanique Industrielle,' see also

Claudel, ' Formules ii I'usage des Ing^nieurs,' &c.

3. The interposition of an unguent of any description modifies these

laws in a very remarkable manner, so that it is necessary to calculate

upon a particular coefficient of friction dependent upon the nature and

state of the unguent, and upon its mode of supply, whenever any of this

class of materials are used.

4. The friction of cylinders rolling upon a horizontal plane is in the

direct ratio of their weights, and in the inverse ratio of their

diameters.

5. In all cases in which solid bodies rest upon one another, there is

an inclination of the surfaces of contact at which the bodies are sus-

ceptible of motion by the mere eflect of gravity ; and it is of the

utmost importance in all the operations of applied mechanics to ascer-

tain the precise value of this angle of inelinatiun, or, as it is sometimes

called, of this limiting angle of resistance. Morin's tables contain a

series of practical observations on this subject ; they have been trans-

lated in Moseley's admirable work, 'The Mechanical Principles of

Engineering and Architecture." The thrust of earthworks upon re-

taining walls is a 8i)ecial illustration of this problem, which will be

djscussctl under Retaining Walls. .

6. In practical mechanics, also, the effects of friction are in some

cases modified by the resistance offered by the rigidity of the materials

in motion ; as, for instance, in the case of cords working over pullevs,

or of bands working upon driving wheels. The particular laws of this

class of actions will be discussed under Rigioitt of Cords ;
and for

the present it may suffice to say that the increase of resistance occa-

sioned by the cord or band may be represented by a formula of two

terms, one of which is a constant quantity, and the other the product

of a constimt quantity, or factor of the resistance divided by the re-

sistance itself : so long, at least, as the same cord only is concerned.

For different cords, the constants vary, within certain limits, as the

squares of the diameters or of the circumferences of the cords, in

respect to new cords, wet or dry ; in respect to old cords, they vary

nearly as the ? power of the diameters, or of the circumferences. The

rigidity of cords only acts to increase the resistance in the portions of

tijeir length where tbey wind upon the pulleys.

Friction is coni(i<lered, and Bomctimes practically resorted to, as a

source of heat, for the inhabitants of the South Sea Islands obtain fire

by rubbing two pieoes of dry wood violently against each other. The

heat developed by the friction of machinery in motion is one of the

most serious causes of its deterioration ; and it is on this account,

nearly as much as upon account of the motive power lost through the

reastance of friction when no lubricating materials are used, that it is

necessary to provide for the continuous supply of fresh and cool

lubricatore. It may occasionally happen that the pressure, or weight,

of the moving body may force out the greases ordinarily used from

between the bearing surfaces, in which cases, heating, friction, or even

abrasion, may ensue. It is therefore important to proportion the area

of the bearing surfaces to the pressure in such wise as to prevent its

attaining this limit ; and, under any circumstances, to use the most

fluid lubricators possible, as they will most easily be force<l into the
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inequalities of the surfaces. Grease, for instance, is a better lubricator

than water : oil than grea.'ie ; and of oils it would appear that the
mineral ones are better adapted to this use than either the animal or

the vegetable ones.

FRICTION WHEELS. [Wheels.]
FRICTIONAL ELECTRICITY. [Electbicitt, Common, Feic-

TiOJiAL, or Fbasklihic]
FRIDAY. [Week.]
FRIENDLY SOCIETIES. These institutions, which, if founded

upon correct principles and prudently conducted, are beneficial both to

their members and to the community at large, are of very ancient
origin. Mr. Turner, in hia ' History of the Anglo-Saxons,' notices them
in these words :

" The guilds or social corporations of the Anglo-Saxons
seem on the whole to have been friendly associations made for mutual
aid and contribution, to meet the pecuniary exigencies which were
perpetually arising from burials, ftgal exactions, penal mulcts, and
other payments or compensations." (See also Herbert's ' History of

the Twelve Great Livery Companies,' vol. i., p. 1.)

In 1773 a bill was brought into the House of Commons for " the
better support of poor persons in certain circumstances, by enabling
parishes to grant them annuities for lives upon purchase, and under
certain restrictions." The bill passed the Commons, but was rejected

by the Lords. A bill with a similar object met with the Uke fate in

1780. A bill introduced in 1793 by the late Mr. George Rose passed
into a law (33 George III. c. 54), which is known by his name, and was
extensively acted upon. This act recited " that the protection and
encour-igement of friendly societies in this kingdom, for securing, by
voluntary subscription of the members thereof, separate funds for the
mutual relief and maintenance of the said members in sickness, old

age, and infirmity, is Ukely to be attended with very beneficial effects,"

and it authorised persons to form themselves into a society of good
fellowship, for the purpose of raising funds, by contributions or sub-

'^criptions, for the mutual relief and maintenance of the members in

1 >ld age, sickness, and infirmity, or for the relief of the widows and
children of deceased meml>ers. A committee of members was autho-

rised to frame regulations for the government of the society, which
regulations, after being approved by the majority of the subscribers,

were to be exhibited to the justices in quarter-sessions, and if not
repugnant to the laws of the realm, and conformable to the true
intent and meaning of the act, were to be confirmed and made binding
upon the subscribers.

Among other provisions, it was allowed to impose reasonable fines

upon such members as should offend against the regulations; such
fines to be applied to the general benefit of the society. By this act it

was declared unlawful " to dissolve or determine any such society, so

long as the intents or purposes declared by the 8»ciety remain to be
carried into effect, without the consent and approbation of five-sixths

of the then existing members, and also of all persons then receiving or

entitled to receive relief from the society on account of sickness, age,

or infirmity." Societies thus constituted were relieved from the pay-

ment of certain stamp-duties, and were empowered to proceed for the
recovery of moneys, or lor legal redress in certain cases, by summary
process, without being liable to the payment of fees to any officer of

the court; and to aid them, the court was required to assign counsel

to carry on the suit without fee or reward.

In 1 795 an act was passed which extended the privileges of Mr. Rose's

.ict to other " benevolent and charitable institutions and societies

formed in this kingdom for the purpose of relieving widows, orphans,

aad families of the clergy and others in distressed circumstances."

Several other acts were passed between 1795 and 1817 affecting the

proceedings of these societies, but not in any matter of importance.

In the last-mentioned year the " Savings' Bank Act " was passed, and
under its provisions the officers of friendly societies were allowed to

deposit their funds in any savings' bank, by which means they got
security for their property and a higher rate of interest than they
could otherwise obtain. This act has been of essential benefit to these
associations. Another law, making provisions for the further pro-

tection and encouragement of friendly societies, and for preventing
frauds and abuses in their management, was passed in 1819 ; but as
this and all other acta previously passed with the same object were
repealed and superseded by the act of 1829 (10 Geo. IV. c. 66), which,
with two acts passed in 1832 and 1834 (2 Wm. IV. c. 37, and 4 & 5
Wm. IV. c. 40), contain the law as it now stands for the regulation of
friendly societies, it is unnecessary to detail here the alterations effected
in 181i».

In the years 1825 and 1827 select committees were appointed by the
House of Commons to consider the laws of friendly societies. The
reports made by these committees have thrown considerable light upon
the suVject, and prepared the way for the enactment of 1829, already
mentioned, which, with the subsequent acts of 1832 and 1884, we now
proceed to analyse.

The law of 1829 (10 Geo. IV. c. 56), in the first place, authorises
anew the establishment of societies within the United Kingdom, for
raising funds for the mutual relief and maintenance of the members.
The members of such societies are to meet together to make such rules
for the government of the same as shall not be contrary to the intent
of the act nor repugnant to the laws of the realm, and to impose such
reasonable fines upon the members who offend against any of such

rules as may be necessary for enforcing them ; and these rules, which
must be passed by a majority of the members present, may be altered

and amended by the same authority.

But before these original or amended rules shall be confirmed by the
justices of the county at the general quarter-sessions, they must have
inserted in them a declaration of the purposes for which the society
is established, and the uses to which its funds shall be applied, stating

in what shares and proportions, and under what circumstances any
member of the society or other person shall be entitled to the same ;

and further, it is required that the rules so passed " shall be submitted,
in England and Wales and Berwick-upon-Tweed, to the barrister-at-

law for the time being appointed to certify the rules of savings' banks

;

in Scotland, to the lord-advocate or any of his deputies ; and in Ireland,

to such barrister as may be appointed by her Majesty's attorney-

general in Ireland, for the purpose of ascertaining whether such rules

are in conformity to law and to the provisions of this act." The
officers here mentioned are respectively to settle such rules, and make
them conformable to law and to this act of parliament, and to give a

certificate of this regulation having been complied with. The rules so

certified are then to be deposited with the clerk of the peace for the
county wherein the society is formed, and by him to be laid before the
justices at quarter-sessions, who are required to confiim the same,
after which the rules and certificate are to be filed with the rolls of

the sessions of the peace, and a certificate of such enrolment, signed

by the clerk of the peace, is to be sent to the society. If the barrister

or other officer above mentioned shall refuse to certify the rules off'ered

for his approval, the society is allowed to submit the same to the

court of quarter-sessions, together with the reasons assigned for refusal,

when the justices may, if they see fit, confirm the rules, notwithstand-

ing the fUsapproval of the revising officer.

Before these directions are complied with, no society is entitled to

enjoy any of the privileges or advantages communicated by the act

;

but when the rules shall have been enrolled, and until they shall have
been altered and the like confirmation shall have attended such
alteration, they shall be binding upon the members of the society, and
a certified copy of them shall be received in evidence in all cases. The
treasurer of each society must give bond to the clerk of the peace for

the county, with two sufficient sureties, for the faithful performance

of his trust, and must, on the demand of the society, render his

accounts and assign over the funds of the society at the demand of a

meeting of the members. The property of the society is to be vested

in the treasurer or trustees of the society, who may bring and defend

actions, " criminal as well as civil, in law or in equity," concerning the

property, right, or claim of the society, provided they shall be
authorised to do so by the vote of a majority at a meeting of the

members.
In case any person shall die intestate whose representatives shall be

entitled on his account to receive any sum from the funds of the
society not exceeding 20/., the treasurer or trustees may pay the money
to the persons entitled to receive the property of the deceased, without
its being necessary to take out letters of administration.

It is not lawful to dissolve any friendly society, so long as any of the

purposes declared in its rules remain to be carried into ettect, " without
obtaining the votes of consent of five-sixths in value of the then
existing members, and also the consent of all persons then receiving

or then entitled to receive relief from such society ; and for the pur-

pose of ascertaining the votes of such five-sixths in value, every

member shidi be entitled to one vote, and an additional vote for every

five years that he may have been a member, provided that no one

member shall have more than five votes in the whole."

The rules of the society are to contain a declaration whether, in the

event of ;my dispute or difference arising between the society and any
one or more of its members, the matter shall be referred to the decision

of a justice of the peace or of arbitrators ; if to the latter, the arbi-

trators must be chosen or elected in sufficient number at the first

meeting of the society which shall be held after the enrolment of its

rules ; they must not be in any way interested in the funds of the

society ; and whenever the necessity for their employment shall arise,

a certain number, not exceeding three, are to be chosen by ballot from

among the arbitrators for the settlement of the dispute, and justices

are empowered to enforce compliance with the decision of the arbitra-

tors. If the rules of the society direct the application, in cases of dis-

putes, to justices of the peace, any justice is empowered to summon
the person against whom complaint is made, and any two justices may
hear and determine the matter, their sentence or order being final and

conclusive. Minors, if they act with the consent of parents or

guardians, may become members of friendly societies, having authority

to act for themselves on the one hand, and being held legally responsible

for their acts on the other.

A statement, attested by two auditors of the funds belonging to

each society, shall be made annually to its members, every one of

whom may receive a copy of the statement on payment of a sum not

exceeding sixpence.

Every friendly society enrolled under this act is obliged, within

three m nths after the expiration of every five years, to transmit a

return of the rate of sickness and mortality, according to the experience

of the society during the preceding five years, such returns to be made

in a prescribed form to insure uniformity. These returns are directed
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bj 4 & 5 WUL IT.e. 40, to be nUraaed to the burirter appointed to

ttttitj the mlei of frieniUgr Meietiw, London.
The proruiooi of the act of 1S84 (4^5 WUL IV. o. 40) are for

4be moat put nniiflmd to niaH«i of ragulatkm whidi it ia not docci>-

MTT tonotioe beva.

The foUowiog are amoog the banaAta darired (rom a Friendly Society

being enroUed under the Geo. IV. e. M, aa amended by the 4 & 5

Wm. IV. o. 40:— I. The rulea are binding, and niay be legally en-

forced; 8. Protection ia giren to the membere, wirea and children,

Ac, in aifotcing their just olaima, and againat any fratidulmit diiwo-

Ivtioa of the society ; S. The property of the eooie^ ia declared to bo
Taatad in the trustee or trcaaurer lor the time being ; 4. The trustee

or tnasurer may, with reapcot to property of society, sue and be sued

in hia own name ; 6. Fraud committed with resi>ect to property of

ooiety is punishable by justices ; A, Court of Kxcbequer may compel
toansfer of stock, Ac, if officer of society abscond ur refuse to transfer,

fte. ; 7. Application may be made to Court of Exchequer by petition,

free from payment of court or counsel's feea, &c. ; 8. Disputes settled

by rafcrenoe to justices or arbitrstora—order of justices or award of

rbitimtora final ; 9. Power to inrest their funds to any amount in

aringa' bank ; 10. Power to invest their funds with the oommisaionera
for the reduction of the national debt, and to receive interest at the
rate of 8f. Os. lOtf. per oent. ; II. Priority of payment of debts, in case

officer, Ad., of aodety become bankrupt, insolvent, has an execution,

Ac, againat bia property, or dies; 12. In case of death of members,
payment may be nuKie of sum not exceeding 20/., without tlic expense,
Ac, of obtaining letters of administiation ; 13. Members ore allowed
to be witnesses in all proceedings, criminal or civU, respecting property
of society ; 14. Exemption of all documents, Ac, from stamp-duty.

Societies thus constituted and privileged roust be acknowledged to
be a great improvement upon the old benefit dubs. Before these
odetiea were regulated by statute, temptation was held out to obtain
members by the smallneas of the contributions, which proved in the
course of years wholly inadequate to answer the demands that were
then sure to arise, although the income of the society had at first,

while the members continued young, been sufficient for the purjwse.

The mischief thus fell upon them when they had become old and
infirm, and had no means of relieving themselves from it ; this evil is

now prevented by the compulsory adoption of tables prescribing such
rates of contributions and allowances as experience has demonstrated
to be sufficient and equitable.

By the 10 Geo. IV. c. .56 (as amended by the 4 & 5 Wm. IV. c. 40),

friendly societies may be formed for providing relief to members, their

wives, children, relations, or nominees, in sickness, infaney, advanced
age, widowhood, or other natural stato of contingency whereof the
occurrence is susceptible of calculation by way of average, or for any
other purpose which is not illegal ; the rules therefore may now pro-

ride for relief in case of loss by fire, or by shipwreck ; substitutes if

drawn for the militia ; a weekly allowance if redvicetl to a workhouse,
imprisoned for debt, and for payment towards the expenses of the

feast, Ac. Ac. ; but, for all such purposes, the contributions must be
kept separate and distinct from the payments which may be required,

on account of relief in case of sickness, infancy, advanced age, widow-
hood, or other natural stato of contingency, susceptible of calculation

by way of average ; or the charges may bo defrayed at the time by
extra subscription of the membCTS. The money payable on the death
of a member may be received by any person nommated by such mem-
ber, and IB not confined to his wife, child, or relation.

It is imnecessary to give the tables of contributions required from
members of friendly societies, in order to insure to their members the
benefits of such institutions, as every information respecting the
establishment of friendly societies may be obtained, free of expense, on
sppUcation, through a post-paid letter, to the " Biurister appointed to
certify the Rules of Friendly Societies, London."
On the 20th of NovemlJer, 1858, the uuml>cr of friendly Bocictics

which had direct accounts with the commissioners for reduction of the
national debt was 571, and the amount of their deposita was 980,354/.
There were besides, at the same date, 9994 friendly societies, which
had the sum of 1,582,784/. invested in savings' banks.

Since the passing of the Act of 1793 to the end of 1858, there had
been enrolled and certified 28,550 friendly societies, of which 6830 bad
tben oeesed to exist, and several more ceased in 1859, cliieBy from the
dacreeaed number of members, and from their growing ago without
the admission of younger members. A large number of these societies

exist, also, of which the rulea are not certified, nor are they enrolled,
and the |ierliamentary report expresses its belief in the unsoundness of
many of them, owing to the insuOiciency of the contributions.

FKIENIJH [QlIAKBBS.]
FRIESLANU OKEEN. [Orkkn, Bruntwid: ffreai.]

FRIKZK. [COLUMH; Obeek Architeotvbe.]
FRIGATE [Snir.]

PRIOIDAUlttM. [Bath.]
FItlSlANS, a |>cople of Germany, who formed part of the nation of

the Ingsevonea. Their name has been by some derived from the low
Oemian word " frcacn," to shako or tremble, in allusion to the nature
of their country, the soil of which is an unstable or shaking moor.
Thqr were divided into Friaii Minores, who inhabited the lands north
of the island of the Batari—the present provinces of Obetyaael, Gelders,

and Utrecht, and the greeter pert of the provinoe of HolUod, inolusiTe
of the Zuidenee, which at that time was mostly dry land ; and the
Friaii Majores, who inhabited the land between the Yssel, Ems, and
the country of the Uructeri—that is, the present provinces of West
Friesland and Oroniugen. The old Rhine aeparatod them from the
Batavi, and the Ems from the Chauci. Aooording to 'I^M:itus (' Ann.'
ii. c. 24) they were the most steadfast alliea whom the Romans pos-
seased in this quarter ; they aided Drusus and Qermanicus in their

oampaigns against the Cherusoi, and saved the Roman fleet from
destruction at the mouth of the Ems. But this state of amity waa
broken off upon the Romans making an attempt to treat them aa

snbjeots ; they thenceforward became declared enemiea of Rome, and
rasM, with one exception, all her strongholds in these parts, having
in the 28th year a.D., when Olennius wasthe Roman lieutenant, turned
upon the Rtnnans, sUtin about 900 of them near the woods of Badu-
henna, and freed themselves from their dominion. (Tacit ' Ann.' iv.

c. 72, 73.) Corbulo, the Roman general under Claudius, a.d. 47, re-

duced them to obedience, and Nero drove them out of some districts

ou this side of the Zuidmee, wliich they had invaded. (Tacit. ' Ann.'
xiii. c. 64.) From this period until the 4th and 5th centuries, when
they appear as members of the great confederacy of the Saxons, no
mention of them occurs. We find them at this time holding the sea-

coasts from the Schelde to the Elbe and Eyder, whence it has been
conjectured that a variety of tribes were Uien comprehended under
the name of Frisians. They now passed over into Britain, in company
with the Angles and Saxons, and ^ded them in ita conquest. Under
the emperor Julian they made themselves masters and retained pos-

session of the island of the Batavi, on which spot they were surely

humbled by Pepin, major-domo of the Franks, who put Radbod their

king to fiignt, and wrested the whole of their western lands from them
as mr as the mouths of the Rhine. Poppo, Radbod's successor, made
a fruitless attempt to recover the lost territory, and was driven back
by Charles Martel. Charlemagne hereupon brought the eastern

dominions of the PMsians under subjection, and appointed' his own
dukes over them, whose office subsequently merged mto that of chief-

tain (hiiuptUng). The result of continued struggles for the mastery
between these chieftains, who called themselves counts, was, that

count Edsuird prevailed, and established himself in that part called

East Friesland, in 1458. In 1667, count Enno acknowledged it as a
fief of the empire imder the emperor Ferdinand, and was raised by
him to the dignity of a sovereign prince ; but both his power and that

of his descendants was jealously limited by the national states. The
last prince died in 1714, and by virtue of an imperial grant in 1690,
Prussia took possession of East Friesland. It was wrested from her in

1808, and transferred to Holland ; in 1810 it became a province of the
French empire ; in 1818 Prussia recovered it, and in 1815 sho ceded
it to Hanover.
The western part of the Frisian territory, or West Friesland, is a

proWnce of the kingdom of Holland.

The ancient Frisians resembled the Germans in their habits and
mode of living, and according to Tacitus, the only tribute they could
afibrd to pay the Romans consisted of skins. They were governed by
two princes, whose authority was extremely confined. 'Their descen-
dants are settled among the small islands on the westom coast of the
duvhy of Scbleswig, and preserve not only the name of Frisians, but
many vestiges of their customs and dress.

FKIT. [Glass.]
FRONDE, the name of a political faction in France during the

minority of Louis XIV., which was hostile to the prime minister.

Cardinal Mazarin, and to the queen regent, who supported him. In
consequence of some disputes between the parliament of Paris and the
court, the cardinal ordered the arrest of the president and of one of

the councillors of the parliament in August, 1648, and this act was the
signal of a civil war. The party opposed to the court affected to

declare themselves not against the queen's government, but only
against the cardinal, whom they attacked by accusations and lampoons,
from which they derived the name of " Frcndeurs," " censurcrs," or
" jeerers." They had for leaders the Duke of Beaufort, the Duke de
Ndmours, the Prince of Conti, the Duke do VendOnio, the Abb<5 de
Uetz (afterwards cardinal), Marshal Turenne, and other men of the
first rank, as well as la<lios,—among others the Duchesse de Longueville,

who was a most conHpicuous and violent partisan. The people of Paris

took part with the Froudcurs ; they drew chains across the streets,

attacked the troops, and obliged the queen to liberate the two mem-
bers of the jiarli.'imeut This was called " the day of the barricades."

A kind of truce took place ; but the inrliament continued refractory,

the court hiwtile, and the people tumultuous ; and the queen regent,

seeing herself obliged, in January, 1649, to remove from Paris with
her son to St. Germain, charged the Duke of Orleans and the Prince of

Condd with the taak of reducing Paf4s by blockade. Louis XIV. was
then little more than ten years of age, but he never forgot the humi-
liation of being obliged to leave his capital, and this waa the first cause

of his subsequent hostility towards tlie parliament. That court, in the

mean time, exercised sovereign power in the capital, levied troops, aud
passed a resolution declaring Cardinal Mazarin a public enemy, and
outlawing him. (' Histoirc du Parlement de Paris,' Amsterdam, 1769.)

After some fighting in the neighbourhood of Paris a truce waa made,
a general amnesty was granted by the queen, the parliament retained
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full liberty to assemble, and the queen, king, and minister re-entered

Paris in the month of August. The disturbances, however, continued

in the provinces, especially in Provence and Guienne, where the local

parliaments resisted the authority of the respective royal governors.

In 1650 the queen, hurt by the overbearing tone and high pretensions

of the Prince of Cond^, made her peace with some of the Frondeur
leaders, and caused the princes of Coude and Gouti to be arrested.

Upon this, the Duchess of LongueviUe, Marshal Turenne, and others,

raised the standard of revolt in the provinces, and were joined by the

Spaniards from Flanders. The war, which now assumed a more serious

aspect, continued till 1653, when Turenne made his peace with the

court, and Mazarin returned in triumph to Paris. [Condb, Louis de
in Bioo. Drv.]

FRONTISPIECE, the front or principal face of a building ; the
front view ; anything seen in or at the front, Johnson saya " id quod
in fronte conspicitur." Hence, by a figure, we call the engraved title

of a book, or the print which faces the title-page, a frontispiece,

FROST. [FBKMtNO.]
FRUCTOSE. [SuoAR.]
FRUIT, in botanical language, signifies that part of a plant in which

the seed is lodged, whatever its size, colour, or texture may be, so that

the seed-like grain of a sage, the grain of com, the nut of a chestnut,

the dry capsule of a lilac bush, are as much fruits as those of a peach,

an apple, or a pine-apple. In the ordinary acceptation of the term
however the word fruit is exclusively applied to seed cases which are

eatable, and generally to such as require no preparation to render them
fit for food.

The eatable fruits known in this climate are of so much importance
to the comfort as well as luxury of society, that without entering much
into details we shall here introduce some general observations, which
will inform our readers what are the kinds most deserving of cultiva-

tion in select or confined gardens. In doing this we have the

advantage of reproducing in a condensed form the important results of

the laborious and costly investigations conducted for so many years in

the garden of the HortieiUtural Society of London at Turnham Green.

These have already been made known to the public in the second

edition of the ' Catalogue of Fruits,' cultivated in that establishment

;

and our only task is to make a judicious selection from the thousands
of varieties included in the Society's list.

The species of cultivated fruits are far from numerous ; and most
of those of the temperate regions have been introduced, at one period

or another, into Britain. The genera from which these have spnmg
are comparatively few, and chieSy included in the natural orders

Boaacete, Titaoese, Urticaceec, and Urossulacese. To the first of these

are to be referred the genera producing the species called apples, pears,

plums, cherries, apricots, peaches, and nectarines, quinces, medlars,

raspberries, and strawberries ; to the second, the vine; to the third,

the fig and mulberry ; and to the fourth, the gooseberries and currants.

Moreover there are chestnuts and filberts belonging to Corylacese;

walnuts to Juglandacex, and the melon and pine-apple respectively to

Cucurbitaceee and Bromeliaceic.

In this place we shall briefly enumerate what may be considered the
most valuable varieties of each as objects of cultivation.

Applet are the most numerous class in cultivation. It has been
conjectured that they were brought to this country by the Romans ;

but it is doubtful whether the varieties then introduced would succeed in

this climate, presuming on the fact that the Malo di Carlo, well known
as being so exceedingly bcatitiful and delicious in the North of Italy,

has, in one of our finest English summers, proved pale and ia.sipid, and
that the apples of the South of Europe are genenJly worthless in

England. A hardier breed, it is more than probable, was introduced
by the Normans, especially of such as were suited for the manufacture
of cider.

Apples are Tuoalljr divided into three principal sorts, according as

they are fitted for dessert, for kitchen use, or for cider. For dessert,
the following are early varieties : Early Red Margaret, Early Harvest,
Oslin, Kerry Pippin, and Summer Golden Pippin. In succession to
fhese, the Wormsley Pippin, King of the Pippins, Golden Reinette,
Ribeton Pippin, Court of Wick, Pearson's Plate (a remarkably hand-
some dessert apple). Golden Harvey (one of the very highest excellence),
Hughes's Golden Pippin, Herefordshire Pearmain, Lamb Abbey Pear-
mam, Court-Pendu plat (which blossoms late, thereby escaping the
spring frosts), Reinette du Canada, Old Nonpareil, and Scarlet Non-
pareil. For early kitchen use : Dutch Codlin, Keswick Codlin, Haw-
thornden. Nonesuch, which last deserves particular notice on account
of its beautiful transparency when made into apple jelly, for which
purpose it is the best sort known. For winter and spring use, from
many excellent varieties, the following are selected : Blenheim Pippin
gfhich may be also used at dessert), Dumelow's Seedling, Bedfcirdshire
Foundling, Alfriston, Gloria Mundi, Royal Russet, Brabant BeUefleur,
Northern^ Greening, Norfolk Beaufin (from which the " Beaufins," or
"Beefins," so generally to be seen in the London shops, are prepare<I),
and French Crab, which will keep above a year. For cider, Siberian
Bitter-Sweet, Foxley, Red Streak, Fox Whelp, Golden Harvey, Cocca-
gee, Hagloe Crab, and Cooper's Red Streak, are amongst the most
celebrated.

Of the varieties of Peart, few, till lately, have originated in this
country; most of the kinds in former cultivation were from France,

but they generally required the protection of walls. The greater
intercourse with the Continent consequent upon the establishment of
peace in 1815 led to the introduction of a number of new and hardy
varieties of thi.s fruit from Belgium, where its cultivation and improve-
ment had been, and still are, attended to with great assiduity. These
new varieties, with some of equal merit, and even superior hardiness,
raised at Downton Castle, in Herefordshire, now compose the principal
part of the most select lists, and are at the same time rapidly excluding
the older French varieties from cultivation.

Pears are divided into three classes—dessert, kitchen, and perry.
The following are amongst the finest. For dessert ; Citron dea Carmes,
Jargonelle (which requires a waU), Summer St. Germain, Ambrosia,
Foudante d'Automne, White Doyenn^ (if grown as an open standard),
Seckle, Louise Bonne (of Jersey), Marie Louise, Beurr^ Bosc, Gansel's
Bergamot (which also requires a wall), Duchesse d'Angouleme, Beurr^
Diel, Nelis d'Hiver, Althorp Crassane, Winter Crassane, Napoleon,
Glout Morceau, Passe Colmar, Knight's Monarch, Neplus Meuris,
Easter Beurre, Beurr^ Ranee. These are enumerated in their order
of becoming fit for use. For kitchen use ; Bezi d'Heri (which is excel-

lent for stewing, and very free from grittiness), BequSne Musque,
Spanish Bon Chretien, Double de Guerre, Catillac, Uvedale's St.

Germain. For perry : OldBeld, Barland, Longland, Teiuton Squash.
The best varieties of Plums for the dessert are, the Green Gage,

Washington, Reine Claude, Violette, Drap d'Or, Kirke's, Coe's Golden
Drop, I31ue Imperatrice. For kitchen use : Orleans, White Magntim
Bonum, Shropshire Damson, which last is excellent for preserving, as

are also the St. Catharine, Coe's Golden Drop, Green Gage, and
Quetsche ; the latter is the sort of which the German Prunes of the
shops are made, by slow and repeated di-ying in an oven.

Cherriet, it is said, were first cultivated in this country at Sitting-

bourn, in Kent, where they are supposed to have been introduced
about the time of Henry VIII. That county is still famous for a sort

called the Kentish Cherry, identical with some of the varieties of the"

Montmorency cherries of the French. They are round, bright red, and
acid, and much used for pies. They have also the peculiar property of

the stalk adhering so firmly to the stone that the latter may be drawn
out without breaking the skin, except at the base. The fruit is then
dried in hair sieves in the sun, or otherwise placed in a gently heated

oven ; the cherries will then keep for a year, and have the appearance

of raisins. The best cherries for dessert are the Elton, Downton, May
Duke, Royal Duke, Knight's Early Black, Early Purple Guigne,

Bigarreau, Florence. For preserving, the Kentish and Morello are

best.

Apricots in cultivation are of few Vivrieties compared with any of

the preceding kinds of fruits, and of those the most useful are the

following : Large Early, Breda, Moorpark, Royal, and Turkey. The
Breda is the best for standards ; and when tbe season is favourable,

the fruit on such, although smaller than that grown against a wall, is,

notwithstanding, higher flavoured. A variety called the Musch-Musch
may be noticed, although not recommended for cultivation in this

climate. It is the sort grown in the oases in Upper Egypt, where it

produces in great abundance, the fruit being dried, and in this state

forming an article of commerce for exportation. The apricot blossoms

earlier than any other fruit-tree cultivated in this comitry : hence,

most proliably, it was called Precooia among the Romans, a corruption

of which name is traceable in the modem one of .ipricot. In conse-

quence of the tree blossoming so early, its blossoms, particularly in

the case of young trees, are extremely liable to drop off in setting.

This is not to be wondered at, when it is considered that the ground is

frequently at the time (March) in as cold a state as at any period of

the whole season, neither the sun's heat nor the warm rains having

reached so far below the surface as to warm the soil in contact with

the roots ; and thus, whilst the latter are in a medium perhaps a little

above freezing, the tops, exposed to a bright sun ag.iin.st a wall, are at

that period of the season occasionally in a temperature as high as 90"

or 100° Fahr. The injurious effects of this disparity must be suffi-

ciently obvious to every one, and the only remedy to be adopted is to

have a very complete drainage below the roots, and the whole soil of

the border, not retentive, but of a pervious nature. If it could also

be kept perfectly dry previous to the commencement of vegetation,

and then only allowed to receive the rain when warm, avoiding the

cooling efilects of melting snow and hail, the tree would thus be placed

under circimistances comparatively more natural.

Peaches and Nectarines require the aid of a wall to bring them to

perfection in this climate ; and in the more northern counties of Britain

the protection of glass is also requisite. They likewise rank among the

kinds of fruits which .are considered of sutficient value to be forced. A
selection of the best varieties of peaches is as follows : Noblesse, Red

Magdalen, Royal George, Grosse Mignonne, Belle Garde, Late Admi-

rable. The two very best nectarines are the Elrage, which h.is little

or no red at the stone ; and the Violette Hfttive, the flesh of which is

rayed with red near the stone : this serves as a principal distinction

between these two varieties. For the sake of variety, the Pitmaston

Orange and the White Nectarine may also beincluded. A selection of

peaches for forcing may consist of the Bellegarde, Noblesse, Grosse Mig-

nonne, Royal George, Royal Charlotte, and Barrington. Nectarines for

the same purpose .are the Elruge and Violette Hiltivc.

The best variety of Quincd is the common one. The Portugal
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qaiaoe ii dutioot ; but ita {rait doe* not rip«n lo w«il ia thU dimato
tba oommon quince. Ita wood, however, eweOi more in conformity

with that of the pear, and it therefore ia preletable aa a ctock for

peara.

The principal varietiaa of the MtHlartn the Large or Dutch, the

Upright or Nottingham, and the Stonrlraa. The first ia eateemed for

ita aiae, and.aooMUmea for the form of the tree, on aoootmt of tho
nutio crooked appearance which it aomunea : the Moond is of better

quality aa regards flavour ; and the third is small without iitonee or
seeds, and keeps longer than the others.

Buahrtria, catu|«red with many of the fruits mentioned above,
differ little in their character a« cultivated varieties from that of the
botanical species Rnbiu idaiu, from which they have arisen. For
instance, the difference between the wild sloe and the green gage is

rerj great ; whereas the wild raspberry growing in the woods differs

only slightly in flavour, and not widely in size and form, from those

cultivated in gardens. Oood varieties are the Red Antwerp, Yellow
ditto, Bamet, Cornish, and Red Globe.

Straic(>rrrit$ are now considerably reduced in regard to the num-
ber of varieties in cultivation. Br the introduction of '* Keen's
Seedling," the very coarse sorts have been mostly banished even from
the streets of London ; this variety having proved the best of all for

the market, combining very good flavour with the properties of being
of a large size and very prolific. Other varieties deserving cultivation

arc tho Grove End Scarlet, Roseberry, American Scarlet, and, where
wanted for confectionary, the Old Scarlet, which retains a fine colour ;

Downton, EHon, Old Pine, Prolific or Conical Hautbois, and the Large
Flat ditto. The alpine and wood ijtrawberries require to be occasion-

ally renewed from seeds ; the best varieties are the Red Alpine and
the White Alpine. Keen's Seedling, Roseberry, and Grove End
Scarlet, are proper for forcing.

Orapa are brought to high perfection in this country, by the aid 'of

hothouses ; in favourable situations some kinds ripen pretty well, even
on walls in good seasons : but open vineyard culture is not practised

to any extent in England at the present time, nor is it likely ever to

become profitable. Varieties of wine grapes therefore need not be
noticed here, farther than by stating that they are vet? numerous

;

many of them form small compact bunches like the " Miller's Bur-
gundy," which is indeed one of them, and is the sort of black cluster

grape with woolly, mealy leaves, commonly seen on the walls of houses
ne.ir London. I'he follon-ing are suitable for a vinery :— Black Fron-
tignan. Block Prince, Black Hamburg, West's St. Peter's, Black Morocco,
Red Frontignan, White ditto. Grizzly ditto, Royal Muscadine, Chasse-
laa Musqu^, White Muscat of Alexandria ; the last requires a strong
heat For walls, perhaps none fruits better, or forms a handsomer
bunch thiui the Royal Muscadine ; it is preferable to the Sweetwater,
which generally forms a ragged bunch in consequence of a great num-
ber of the berries being small and abortive ; the Black Prince and
Esperione will sometimes succeed ; and the Early Black July and
Burgundy Black Cliuter will ripen still better, but Uie bunches of the
latter are very small.

The only fruits still remaining to be noticed, the varieties of which
are of any importance, are figs, gooseberries, and currants, and pine-

^ples.

In some parts of England the Pig bears in the open air ; but in order
to ensure its doing so, a warm, or more strictly speaking, a dry subsoil

is absolutely neoeasaty, whether it be grown as a standard in the open
ground or against a wall, or forced imdier glass. Wherever the soil is

retentive of water, it will retain the coldness of winter till late in the
spring. In fact, if the subsoil be very wet, its temperature will

approximate to that of spring water, which in England is little above
60" Fahr. throughout the whole year ; an amount of cold which the
roots of the fig are certainly not accustomed to in summer in its native

climate in Asia and Barbary, or even where it has been naturalised in

the South of Europe. Or, if the springs should fall so low during
iommer, as to leave the roots of the fig tree unaffected by their pre-

aenoe, the temperature of the surface will be suddenly nused by the
first rain that falls. This often takes place towards the end of summer,
and a superabundant growth ensuee, too late for being completed
before wintei. Figs succeed well in Sussex, where the subsoil is chalk,

and the rain passes off as it falls ; and in preparing borders for it, the
whole should be composed of such materials as sre pervious to water.
Some of the finest varieties of figs for this climate ate the Brown
Turkey, Brunswick, White Marseilles, Nerii, Preguaaata, White Ischia,

Brown Ischia, Yellow Ischia. The Brown 'Turkey ia well adapted for

forcing, for which purpose the Pregussata, White Marseilles, and tho
White, Brown, and Yellow lachiaa are also proper.

Oootberriet are brought to greaterj perfection in Britain than in

any other countr}-. The varieties are numerotu, and many of them
have been raised in Lancashire, chiefly by the manufacturing popula-

tion, witli a view to prizes. It is to be regretted that the latter have
generally lieen awarded solely with reference to weight ; hence a
number of hu;ge but coarse sorts have been brought into cultivation.

In making the following selection, flavour and not (ice has been kept
in view.

Fruil, rtd : Red Champagne ; Red Warrington ; Kacn's Seedling
Warrington; Rough Red, used for preserving; Red Turkey; Rob
Roy ; Ironmonger. Pnil, j/rlhic : Yellow Champagne ; Early Sulphur

;
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Rumbtdlion, which is much used for bottling. Pruil, gren> : Early

Green Hairy ; Pitmaston Green Gage ; Green Walnut ; Parkinson's

Laurel ; Massey's Heart of Oak ; Edwards's Jollv Tar. Fruit, u*iU :

White Champagne ; Earlv White ; Woodward's W^hiteamith ; Taylor's

Bright Venus ; Cook's White Eagle ; White Honey.
"Hie varieties of Curraw^s preferable for cultivation are very few.

Of block currants, the Black Naples and the Black Grape are the best.

The White Dutch, Red Dutch, Knight's Sweet Red. and Knight's

Large Red, are the best sorts of white and red ourranta.

The Pint-AppU is the only tropical fruit which is cultivated to any
extent in this country. The best varieties are the Queen, Moscow
Queen, Black Jamaica, Brown Sugarioaf, and Black Antigua; the

Enville and VMiite Providence are cultivated more for their size than

flavour.

FRUITS, PRESERVATION OF. The i^le and pear, the two
staple fruits of this coimtry, are of so much importance to great num-
bers of persons, that we shall not dismiss this subject without giving

ome information conceruing the best means of preserving them during

the autumn and winter ; for it is an object of no little moment to be

able to prolong the diuation of the season of these froita even for a
single month.
A few early varieties may be eaten from the tree, or when recently

gathered ; but the greater and by far the most valuable portion re-

quire to be kept for some time until they acquire a proper degree of

mellowness : thus, most pears arc extremely hard when gathered

;

some even remain so during the winter, and only l>ccome melting, or

of a buttery consistency, in the spring. Apples, although it is their

property to remain a long time nearly as crisp as when gathered, yet

are at first too acid for the dessert, and i-equire to be stored up in the

same manner as pears, until their juices acquire a rich sugary flavour.

Many varieties indeed permanently retain their acidity, but such are

only proper for culinary purposes, for which indeed their briskness

renders them eligible.

With regard to tho gathering and storing of apples or pears, having
in view their most perfect pre8er\'ation, it is necessary that the gather-

ing should be perfomted in ail cases when the trees and fruit are per-

fectly dry. No precise time can be specified as to the period of the

season when any particular variety ought to be taken; for this is

influenced variously by circumstances connected with soil, climate,

and situation. The best general rule is, to gather when the fruit-stalk

separates easily from the spur, on the fruit being raised by the hand
from its natural or pendulous position. There are scarcely any excep-

tions to tlus rule, unless as regards a few of the summer and early

autumn varieties, in which the flavour is improved by gathering a
Uttle earlier than is indicated by the above criterion.

The treatment of the fruit after gathering is by no means uniform
;

some lay it directly on the shelves of the fruit-room, or wherever else

it is intended to remain till fit for use ; others cause it to undergo a
process of fermentation, called sweating, by throwing it in a heap, and
covering it with some dry substance, generally straw ; in some instanoes

even blankets have been used for this purpose. After it has perspired

for ten days or a fortuight, it ia spread out at a time when the air is

dry, in order to expedite tho evaporation of tho moisture. All mi-
sound specimens, or even such as are suspected of being so, are then
separated. In the cose of particularly valuable sorts, it has been
recommended to wipe off the moisture with flannel; but this pro-

ceeding, for reasons hereafter to be explained, is not advisable.

With regard to the final storing up, aa it has been proved by experience
that certain methods successfully practised by some, have turned out
a failure when attempted by others, and as these fruits are extensively

cultivated by persons variously circumstanced, some of whom are com-
pelled by necessity to practise perhaps not the very best mode, but the
beat they can command, it will be proper to detail the various methods
that have hitherto been tried, in order that such as are most deeervmg
of recommendation may be pointed out, as well as those which ought
to be avoide<) in every possible case.

The following arc the different modes in which apples and pears-

have Ijcen depoBilc<l for winter use :—1. In single layers on the bare

shelves of a fruit-room. 2. In the same manner, but covered with
light canvas, which must be dried occasionally, as it absorbs the
evaporation. 8. In close drawers ; one layer, or several layers in

depth. 4. In dry casks without any inten>oeing material ; a few weeka
after they are first put in they require to be carefully picked over, the
caaks made perfectly dry and re-filled, the head closely fitted, and the
fruit on no account disturbed until unpacked for use. 6. In boxes, casks,

large garden pots, or jars, with pure and dry sand interposed between

the layers of fruit. 6. In jars in which no sand or other substance is

allowed to come in contact with the fruit, the mouths of the jars being

covered with a piece of slate, and the whole plunged in o quantity of

dry sand, so aa to be several inches from the free atmosphere. The
and being a slow conductor of caloric, the sudden changes of tempe-

rature and their powerful effects in causing the decay of fruits are

avoided. 7. In heaps in a dry airy loft, a slight covering of straw

being given to protect them from frost. 8. In baskets Uned with
straw. 9. In close cellars excluded from the light, which is in all

cases injurious. 10. In dark but airy vaults. 11. On a small scale,

under a beU-glaas cemented down air-tight ; this must not be done on

wood the leaat reainotis, for even the white deal, which, when made
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into open shelves, communicates none of its flavour to the fniit, yet

when supporting a close bell-glass, strongly taints -whatever fruit is

placed in it, by the confined and accumulating exhalation. 12. Buried

in a box jjlaced on four bricks, imder •mother box inverted, in an
excavation so deep that the upper portion of the fruit may bo 1 J or 2

feet below the surface of the earth. 13. In threshed grain, or in com
stacks. 14. Reposing on wheat straw, with or without a covering of

the same. 15. In chaff of wheat or oats. 16. In flax-seed chaff. 17. In
powdered charcoal ; this, if it cannot prevent, will in no degree con-

tribute to decay, either internally or externally. It is the substance

in which the imported Newtown pippins are frequently packed, .and

they would arrive much soimder than they do were it not for the

bruises they evidently appear to have received previous to exportation.

18. In dried fern leaves.

Amongst so great a variety of modes, it hi obviously of considerable

importance to .ascertain not oiUy which are the be.st, but which ex-

perience h.as proved to be the worst. This inquiry is most adv.an-

tageoualy pursued by settling in the first inst-ance what the circum-

stances are that have been univers.ally found detrimental to the

preservation of fruits. Aa was remarked when mentioning the sixth

mode, atmospheric chauges have very great, if not the most powerful

influences ; firstly, as reg^irds their caloric eflecta, and secondly, their

hygrometrical. In the former respect, the eximn.sion and condensation

occasioned by the rise and fall of temperature must work a change m
the .state of the juices, doubtless often at variance with the gratlual

chemical change which these juices naturally undergo ; hence, those

fruits that are most exposed to vicissitudes of temperature are found
to be most apt to faU in attaining their full sugary mellow perfection.

Again, when warm weather suddenly succeeds cold, the air in the

room is of a higher temperature tlian the fruit, until such time an the

latter acquire from the former an equality of temperature ; and until

such time as this takes place, the fruit, from its coldness, acts as a

condenser of the v,apour existing in the warmer atmosphere by which
it is surrounded, and the surface consequently becomes covered with a

great deposition of moisture, aa will be the case with a glass filled with

water colder than the atmosphere of a room into which it is brought.

The more smooth and glossy the variety of .apple or pear, the greater

is the condensation on its surface. Rus-scted apples and pears exhibit

the least effects in this way, their rough dry coat being in less imme-
diate contact with the cold juices of the fruit.

From the above it is sufficiently evident that variations in the state

of the atmosphere, as regards its temperature, have inj urious effects by
the expansion and condensation of the juices, and Vjy the deposition of

moisture on the surface, partly owing to .atmospheric humidity, but

chiefly to the circimistance of the latter being condense<l upon the

fruit, as .alwve explained. This deposition of moisture tends to decom-

pose the skin, and to render it less efficacious as a protector. It there-

fore follows, tliat where fruit is not kept closely packed, it should be

exposed to as little change of temperature as possible, .and should also

be preserve<l from the full effects of an atmosphere sat<irated with

moisture. If a circulation of air could be secured of a uniform tem-

perature and dr5'nes.i, or nearly so, there is no douVjt as to the supe-

riority of flavour which the fruit would acquire. The watei-y p,article8

wo<ild exhale, and .at the same time shrivelling would not take place

to any great extent, for this chiefly occurs in consequence of expansion

and contraction, and alternate moisture .and drj-ness of the surface, the

results of irregiUarities in the state of the atmosphere. It may bo

here observed, tliat wiping the fruit is injurious. The skins of fruits

are more or less covered with a secretion, technically called the bloom,

which every one will have observed on grajjes and plums, on both of

which it is very conspicuous, .and although less so on apples and pears,

yet it does exist on them, and its u.so is to protect, in a great measiu-e,

the skin from the effects of moisture. Some fruit-growers are so well

aware of this that they will not even handle their most choice wall-

* BSir* '" gathering, except by the stalk.

• ^TCSght isfouud to be injurious; all agree that fruit keeps best in

t/ital darkness. This arises from a s]jecific stimulus being exercise<l

upon the vegetable tissue by this .agent. If a leaf, a green branch, or

such a green surface as that of an apple or pear bo exposed to light,

even in the most diffused state, evaporation takes place ; bv(t as soon

.as the stimulus of light is withdrawn, evaix)ration ceases. Speaking of

plants in general, ev.aporation from the green parts takes place all d.ay

long and cc.ascs at night.

The preceding observations will explain the re.ason why a fruit-room

is best in a dry situation, on the north side of a wall or other building

where the sun's heat will not readily distm-b the temperature. The
roof should be double, and the walls hollow ; the windows small.

There should be a full command of ventilation ; but the room should
also be capable of being entirely shut up.

Ventilation should bo used only when the air, owing to the exhak-
tions from^the fruit, is not perfectly sweet ; when this is not the case,

air must be admitt(?d in whatever condition it may happen to be ; but
it would be most desirable to .admit air copiously only when it is of an
erjual temperature mlh that of Ike interior of the roi/m. The latter

should be in two or three compartments, in order to keep the lato

sorts entirely free from the contaminating effects of exhalations of

fruit in a fully ripe state.

These Ijeing Uie conditions under wliich the ripening, decay, and
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preservation of apples ,and pears always fcike place, the reader will
h.ave no difficulty in judging of the reliitive .odv.antages of the 18 methods
already n.amod. It is obvious th.at Nos. 1, 2, 3, 4, 5, 6, 7, are plans in
which the circumst.ances essential to the preservation of fruit .are nearly
completely complied with. Nos. 8, 11, 14, 15, .and 16, .are bad, either
becau.se of the liability of the materi.al in which they are packed to
decomposition, by which the fruit acquires a tainted'musty t.a.ste, or
because they can only be .applied on a very small scale. Nos. 9 and 12
are chiefly objectionable because, owing to the almost total absence of
evapor.ation, the fi-uit, although well prefjerved and plump, is apt to be
watery and ta.steless. No. 17 is a troublesome and dirty practice

;

Nos. 13 and 18 are excellent when opportunity occurs of practising

them ; but No. 10, in d.ark but airy vaults, is imdoubtedly th.at which
most completely compUes with the conditions necessary for preser-

v.ation, and is much the best. We have known apples, th.at .are usually
decayed in February, preserved till Midsummer in this m.onner, in all

their freshness and colour, and nearly all their fl.avour.

With regard to nuts and walnuts, the only precaution th.at it is

neces.sary to take for their preservation is to maintain the air in which
they are pliace<l in a constant stato of moisture. Burying in the e,arth,

pLaciug in a damp collar, mixing with damp sand, ,aiul many such plans
have been recommended; but they .are all objectionable, either because
they keep the fruit too moist, or do not ofier any impediment to its

becoming mouldy. We believe the best of aU plans is to pack them in

glazed earthen jars, throwing a small quantity of salt on the last layer
before the jar is closed.

Apples and pears dried in ovens may be presor\-otl for years. Bosc
states that he has tried the latter, after three years' iireservation, and
found them still good ; but they arc best during the first year. "They
are placed in the oven after the bread is drawn. The process is re-

peated a second, third, or fourth time, .according .as the size or nature
of the fruit may require. The heat must not be so great .as to scorch,

nor must the fruit be dried to h.ardues3. When properly done, they
are kept in a dry place. Another method, chiefly practised on the
rousselets, and of these the rousselet de Rheims is the best for tho
purjiose, is to gather the fruit a little before maturity ; after being
h.alf boiled in a small quantity of water, they .are peeled and drained.
They are then placed in the oven, and heated to a suitable degree, for

twelve hours. They are then steeped in syrup, to which h.ave been
added brandy, ciim.amon, and cloves. They are again returned to the
oven, which is heated to a less degree than at first : this operation is

thrice repeated.

The flattened dried apples, called heaufins, so abundant in the London
8hop.s, are, as stated above, prepared in Norfolk, from a variety of

.apple called the Norfolk beaufin : it has a thick skin, which resists,

without bureting, the heavy pressure to which the apples are subjected
in the oven, during the slow and lengthened process of drying.
FRUIT-TRADE. This trade, as far as printed returns can show,

is necessarily confined to foreign produce. Almost all the fruit grown
at home is consumed at home. Our orchards and market fruit-

gardens, however large, yield no sui-plus produce for us to sell to the
foreigner ; nor, indeed, could we sell it at a price that would yield

an adequate profit after defnaying the cost of carri.age. Nor have we
any means of knowing how much fruit is grown and eaten in England ;

the orchard-keepei'S and fruitgrowers are not required to render to

.any one an .account of the amount of their tr.adu. Occa.sion.ally .at-

tempts .are m.ade to estimate these quantities. Some years .ago, Mr.
H. Mayhew, in the 'Morning Chronicle,' gave a tabiilation which
professed to be an account of all the fruit sold at Covent Garden
Market in one year. Mr. Braithwaite Poole, goods'-man.ager on the
greatest of our railw.ay8, presented an estimate of the quantity of

fruit sold in .all the markets of the metropoUs in 1850, comjirising

such items .as 17,000 tons of apples, 'JOOO tons of pears, 7000 tons of

goosebeiTies, 4500 tons of plums, 4000 tons of currants, 1000 tons of

damsons, 900 tons of cheiries, 700 tons of 6tr.awberrie8, 230 tons of

filberts, 230 tons of h.ozel-nuts, CO tons of mulberries, .and so forth.

In so far are these cstim.atcs are reliable, they give a curious insight

into the vast dealings and consumption of the metropolis ; but they do
not .afford safe data for any inferences concerning the United Kingdom
at large.

Wo will select 1356 as a year to illustrate the extent of the foreign

fmlt-tr.ade; not because it w.os tho latest .availiWe, but because it

.affords a pretty fair avei-age of recent years. The imports of foreign

fruits, in kinds and quantities, in the above-mentionecl year, were :

—

Almonds, sweet 34,000 cwts.

„ bitter . » . . . 8,000 „
Apples, raw 530,000 bushels

„ driod . . . . . . 2,000 „
Currants, dried 350,000 cwts.

Figs, dried 44,000 „
Grapes 12,000 bnshols

Chestnuts 67,000 „
Cocoa nuts 1,880,000 No.
Hazelnuts 218,000 bushels

Walnuts 66,000 „
Oranges and Unrnnj 690,000 „
Pears 22,000 „
I'lums 3,500 cwts.
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Prnaes .

Tuaarliuli

Vmriooi

17,000 ewii.

370,000 „
1,400,000 lb*.

97,000 bttitheU

Somo of tiMW irare exported to other countries; the home con-
sumption did not quite reach the shore qu&ntities.

FBUSTUU, » portioD cut off (mm any solid Bgure. The term is

most irequsntiy sppUcd in the esse of the cone, and conoidsl surfsces
of rsTolutian. By " frustum of a ooae " is mesnt sny pait oat off from
a oone whiah does not contain the vertex. This diimnctinn is drawn
because any pert of a oone which contains the vertex is another cone.
FUCUSAIIIDE (C„H„N,0,>. An organic compound much re-

ssHlUliim furfuramide, with wluch it is isomeric; obtained by the
•OtioB of ammonia u|K>n fucmul.
FUCUSINE (C„U,^,0,). An alkaloid isomeric with furfurine,

obtained by boiling /twnwaaiMfe with caustic potash or soda.
FUCUSOL (C,„H,0.). An organic substance isomeric with fur-

farol, obtained by distilling marine algai with dilute aulphiu-ic acid.
FUEL is any ci>mbuiitible matter employed for the purpose of

creating and maintaining heat. In the early ages of the world, wood
must hare constituted, as indeed in many countries it does to this day,
the principal fuel employed. Wood consists chiefly of three elements,
-;<arbon, hydrogen, and oxygen. The two former are both of them
hij^lily combustible, hydrogen being especiaUy so, and giving rise to
tba uime with which wood is well known to bum. When the smoke
occasioned by the combustion of wood is found inconvenient, or when
the fuel is required to last for a longer i«riod in a given bulk, then
charcoal is employed, which is merely wood that has undergone imper-
fect combustion, so as to expel its hydrogen and oxygen, and to leave
the greater part of the carbon.

Another kind of fuel, which doubtless was early in use on account
of the faoiUty with which it is obtained from its nearness to the surface,
iapeat, or, as it is sometimes called, turf. This is a congeries of vege-
table matter, in which the remains of oigamsation are more or less

visible. Peat is the common fuel of a large part of Wales and Soot-
land, and of many districts of Ehigland, where coal is not readily
procured.

In this country, however, coal furnishes the great supply of fuel,

and its various kinds are employetl in different ways and for different

purposes, according to its nature and that of the substance to be acted
on by its agency. When coal, by a process analogous to that by which
charcoal is procured from wood, is freed from its more volatile con-
stituents,—hydrogen, oxygen, and nitrogen,— it is converted into coke.
It then burns with but little Same and no smoke, and is used for
giving an intense degree of heat in the reduction of most metallic
ores, especially those of iron. In some cases a mixture of coke and
charcoal is very advantageously employed, especially in assaying in
the small way. The mixture gives out a great degree of heat while
burning, and being more combustible than coke alone, small fur-

naces, in which the draught is less powerful than in larger ones, are
particularly adapted for its use ; and though it consumes faster than
coke, it lasts longer, gives a greater heat, and is more economical than
eharooal alone.

In some countries, even the dried excrement of animals is used as
fuel ; and from the use of cameb' dung the formation of sal ammoniac
was derived in Egypt ; this salt subliming from the excrement during
its combustion.

In small chemical operations, as for the blow-pipe, tallow or wax
candles are fretjuently employed ; and in lamps, oil, spirit of wine, or
mothylated spirit are employed, and at the present time coal gas is

almost univenally used, either for the ptirpoee of boiling or evaporating
nail quantities of fluids, or dissolvmg various bodies in different
nMnstrua.

During the combustion of different kinds of fuel, the products vary

:

thus, when wood, coal, wax, tallow, oil, alcohol, or coal gas is employed,
the principal products are carbonic acid gas and water ; when charcoal
is uaed, carbonic acid is .ilmost the only volatile substance formed,
for the hydrogen which the wood contained is expelled by the process
of charring.

The sources of ordinary fuel will be found sufliciently described
uiid«r Cbabooal, Coal, Cokx, OAB-i.iuimxo, Ac. A few words may,
however, usefully be said concemipg some of the kinds of artijicial

fuel introduced within the last few years. Oram's patent fuel was
planned with a view to make use of the small coal which is so exten-
sively left to waste at the mouths of the pits; this cool to be mixed
with earthy substances, such as sand, marl, clay, or alluvial deposit

;

or with some bituminous substance, such as mmeral tor, ooal tar, gas
tar, pitch, resin, or asphaltum ; or with saw dust, coke dust, or breese.
In short, this was one of those vague patents which defeat tiieir own
purpose hj the widoiiess of their grasp. Mr. C. W. Williainn,
wmiaging director of the Dublin Ste.im Packet Company, luis psituntol
three or four inventions for artiHcUl fuel in which peat shall be one of
Oie ingredionta. The peat, aft<T being partially dried, is pressed
with great force, to expel the remaining moisture; and it is then
mixed with some bituinmoiis substance. By different modes of treat-
ment Mr. Williams pniduccd a very dense brown combustible solid, a
charcoal twice as oomnact as hard wood charcoal, an artificial coal, and
an artificial coke. Mr. Bethell's patent fuel consists of saiaU coke and dust

from gas works, ur broese ; the brouse is tiiixod with coal tor and put
into a coke oven, where it is burned into good ooke. If l>univ<l in

open heaps, it woiUd also psoduoe coke, nut of inferior qtudity.

Seventy-five per cent, of breese is found to be a good proportion wiUi
twenty-five of pitch or coal-tar. Instead of ooke, bricks of artificial

fuel are sometimes produced by casting the mixture into iron moulds,
and baking. Mr. Warlich's patent fuel is employed rather extensively

;

it is made of some such mixture of materials as Bethell's, but with
especial attention to its fitness for use in marine engine furnaces,

locomotive fumacas, and stationary engine furnaces. In the investiga-

tions made by cononissioneni employM by the Admiralty, into the
qualities of various kinds of fuel adapted for the engines of H. M.'s

steam navy, Warlich's, and some other kinds of art^cial fuel, were
found to be favourable, when alternating under certain conditions with
good ooaL Dr. Amott, in a Report on the Paris Exhibition of 1825,
said :

—" A very important object exhibited was a prepared fuel called

the Charbou de Parit. The manubuiturer takes fragments or dust of

bituminous coal, or of anthracite, charcoal, or coke, and mixing theae

in certain proportions with coal-tar, ttc. makes a soft moss, which, by
moulding, he shapes into cylindrical pieces about four indies long by
one and a quarter in diameter ; an<l he afterwards hardens them by
heat, these being veiy like charcoal, free from slate, and giving

intense hmt. There are now many makers of such fuel, seeming to

believe tlie excellence of their product to depend chiefly on the

proportions of the ingredients, and attributing too little to the uniform
size and shape of the pieces, which allow that rightly-proportioned

approach of air to them on which perfect combustion so much dejiends.

There were in the Exhibition many specimens, both contincntti and
English, of artificial coke or fuel of kindred composition, in much
larger mosses. An obvious advantage of such over coiuuion cool i.^

that tlie lumps, when put together, occupy less space than an e>|ual

weight of irregularly-broken common ooal, and therefore can be stownl
more advantageously in ships. And in the composition, there may be
of bitumen or pitchy matter just what aids the steady combustion
without causing smoke ; having, therefore, neither the excess nor the
deficiency found in many natural coals."

Nearly all these kinds of artificial fuel consist of small coal, small

coke, ashes, and bituminous substauccii, combined iu v.irious niiu.l

and various degrees, and subjected to different modes of manipi:!

There is one exceptiou, however, in the case of the Trinithui pitcli i.i>^i.

with which no kiud of coal or coke is mixed. There is a great pitch-Like

on that ixlimd ; and a company has been formed for converting the jiitch

into fuel, by mixing it with wood shavings. The pitch, thoroughly
wetted, is mixed with about eight per cent of shavings, and is then
moulded into blocks. For engineering purposes, these blocks of

bituminous fuel are mixed with about half their wei^t of Merthyr
coal. The pitch combined with coal alone is not found to bum well ',

but the small per centage of wood shavings or lignt-ous fibre is said to

impart the necessary qiulities for steady and pi-olitablo combustion.
FUGUE, in music, is a composition in which a subject, or brief

air, ]>assee successively and alternately from one port to another,

according to certain rules of harmony and modulation. Such is

Rousseau's definition, which would liavo been more com]>lete if he liad

added that the Fugue is also formed after rules ]>eculiar to itf<clt.

The term seoma to have originated about tlie middle of the \bth

century, and is commonly supposed to be derived from the Latin
word fuga (flight), because the theme, or point, flies from port to

part ; but this etymology is by no means satisfactory, though we
certainly have no better to offer.

Writers on music enumerate many kinds of Fugue, the chief of

which are, the Strict Pnyw, the Free Pugtu, the JioMe Fugue, and the
Inrtrted Fugue ; to which we shall add that species—for it decidedly
belongs to the Fugue genus—called /mUatlon..

" In a Strict Fugue," says Dr. Crotch (' Elements of CompositiiMi '),

" the subject is given out by one of the parts, then the answer is made
by another; and afterwards the subject is repeated by a third part,

.-md, if the fugue consist of four {uirts, the answer is sgaiii made by the
fourth part : after which the composer may use either the subject or
the answer, or small portions of them, in any key that he pleases, ur
even on diSerent notes of the key." In this severe kind of com-
position, when the subject, or leader, or (Hiint, or dux, or by whatever
name the theme m.iy bo designated, is comprised between the toaio

and the dominant the answer (or Come*) mutit be given in the notes
contained between the dominant and the octsive. Example

:

AiuK*r,

The chorus, ' Ho truste<I in God,' in the ' Messiah,' is a fine specimen
of this sort of fugue, to which we refer the reader; for few i>ersons
are without that sublime onitorio in some form.

In the Free Fugue much more latitude is allowed the composer

;

he is not so restrained by the subject, but m.iy introduce what
Albrecbtsbei;g«r terms episodes—^passages not closely ralated to the
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theme, though they should never be very foreign to it. The overture !
double fugue which has no superior of its kind. The first few bars

to the ' Zauberflote ' affords a splendid example of this species. The
;

of this will more clearly explain than words can do the nature of so

Double Fugue consists of two or more subjects moving together, and elaborate a species of comixjsition.

dispersed among the different parts. Dom. Scarlatti's in D minor is a
I

Fugues of more than two subjects are classed, not very correctly,

,i i:3J: i ^^#_

among double fugues; they are, however, rare, for which reason

perhaps they have never received a distinguishing name. Of these

the fugue of four subjects in the finale to Mozart's grand symphony in

C, and that of the same description in Handel's Alcxander't Feast, the

chorus ' Let Old Timotheus yield the prize,' are master-pieces of their

kind. All of this species must be considered as free fugues. The term
Fugue by Inversion retjuires little explanation. In this the theme is

inverted, as the name implies, but the effect arising out of such con-

trivance is appreciable only by those who know its difficulty, and
estimate its merit by the quantity of labour it has cost. In the Fugue
by Augmentation, the notes of the an-swer are doubled in length. In

the Fugue by Diminution, exactly the reverse takes place. There are

other kinds of Fugue, but they are now almost forgotten, and it would
be useless to revive their names.

Jmitalian is a species of fugue, and by theorists is generally treated

on previously to and as the prcciusor of the latter. As the word
indicates in this kind of composition, the theme is more or less

imitated in the different parts. It is not required, says Fux {Gradm
ad Pamassum), that every note should be imitated, but only some
part of the subject; and Imitation is rather to take place in the

middle than in the commencement of a composition. It may be made
in .iny of the intervals, and in fact is governed by scarcely any rule.

The learned contrapuntist just named gives the following as an
example of Imitation in the Unison :

—

The effect of technical imitation in music is unquestionably great ; it

is felt by all who have the slightest skill in the art, therefore employed
by all great composers of every schooL ancient and modem. Canon,

which is sometimes called a perpetual fugue, may perhaps be admitted,

though cautiously, an part of a course of professional study, but should

rarely, if ever, be allowed to pass the boundaries of the school.

[Canok.] Fugue, but not of the pedantic or fantastic kind, should be
an object of serious attention with those who are ambitious of becoming
great composers, though in its severe form it ought to be almost

confined to cathedral music and to the oratorio, and is admissible there

only when introduced with great discretion, and guided by the hand
of an experienced sensible master. But without that which is here to

be understood by the term imitation—or the recurrence, in some
shape, of the chief subject—music in parts, of even a very simple kind,

loses one of its greatest Iwauties. Let it be used however with a view

solely to effect : if resorted to for the mistaken purpose of dispLiying

what a young or a dull composer may call bis learning, imitation will

prove to be nothing better than mere plodding, and capable of exciting

no emotion exct'iit tliat which is the very reverse of pleasing.

FULCRUM. [Leveb.]
FULGURITE. [Liohtni.vo ; and Fuloubite in Nat. Hist. Div.]

FULLING. [Woollen Manufactubes.]
FULMINATING MERCURY (HgO„ C.N,0.). The compound of

PiUminic A ciU with mercury. It is prepared by dissolving 1 part of

mercury in 12 of nitric acid, sp. gr. 13(5, and then adding 11 parts of

alcohol, s]). gr. '850. If a gentle beat be now applied by means of a

water-bath violent reaction ensues, metallic mercury is deposited, and
minute crystalline grains of fulminate of mercury separate, these must
be washed with cold water and dried at 100° Fahr. They explode
violently Viy percussion or heat, or by contact with sulphuric acid.

The preparation even of small quantities of fidminating mercury is

attended with considerable danger, and ought nut to be attempted by
any one unacqu.'xinted with chemical mjinipulation. Mixed with six

tinica its weight of nitre it is used for priming jwrcuseion caps.

FULMINATING SILVER (2AgO, C.N.O,). This salt of fulniinic

acid is obtained by dissolving 1 grain of silver in 20 grains of nitric

acid diluted with 50 grains of alcohol. The remaining processes are

similar to thfme used for the preparation of fuhninating mercury, than
which it is still more dangerously explosive. [Fulminating MEiituiiY.]
FULMINIC ACID (2H0, NjC 0,). An acid which is isomeric

with cyanic acid [Ctanio Acid], that is, comjwsed of the same
elements in the same proportions, and they appear to have similar
saturating powers. Fulminic acid has not yet Ijeen isolatecl, but it

exists in the detonating mercury and silver discovered by Mr. Howard.
These mlminates, as shown imdcr the respective metals, are pre-
pared by the .stmultineous action of nitric acid and alcohol upon
them : in this operation the metals are oxidized, and such portions of

the carbon of the alcohol, and nitrogen and oxygen of the decomposed

nitric acid combine, as to form the fulminic acid. Fulminic aeid may
be separated from the oxides of silver and of mercury, and combined
with other bases, as with jiotash, and. it still retains its power of

forming detonating compounds. [Cyanogen.]
FULMINURIC ACID (HO, C.H^NjOs), hocyanuric Acid. A

recently discovered acid isomeric with cj-anuric acid. The salts of

this acid are obtained by boiling the different fulminates with a solu-

tion of a soluble chloride. They crystUlise generally with f.acility,

and explode feebly on the sudden application of heat. [Cyanogen.]
FUMARIC ACID. Buktic acid. Tliis .acid was first procured by

Braconnot from the boletm psettdu-iyniariiut by the foliowing process : the
expressed juice is to be evaporated to the consistence of a syrup, and
then treated with alcohol, which leaves a white matter ; this is to be
washed with alcohol, then dissolved in water, and precipitated with
a" solution of nitrate of lea<l ; the precipitate diffused through water
is to be decomposed by sulphuretted hydrogen g:>8 ; by evaporating
the remaining solution there are obtained impure crystals of fumario
acid, [and a very acid mother-water, composed of fungic and phos-
phoric acids. "The crystals of fumario .acid are redissolvetl in alcohol,

which leaves a calcareous salt, and by evaporating the solution purer
crystals of fumaric acid are procured. Fumaric ;icid may also be
obtained by.submitting malic acid to heat, and it is also present in
Iceland moss, fumitory and other vegetables.

Fumaric acid is colourless, crystallises in four-sided prisms; its

taste is acid, like that of bitartrate of pota^lh ; it reddens litmus, does
not alter by exposure to the air ; is gritty, like sand, between the
teeth. It is soluble in 180 parts of water at 68°, and in 45 parts of

alcohol. By heat the greater part of it is sublimed either in prismatic
crystals or in fine powder ; but towards the end of the operation

some empyreumatic oil is formed, and there is a strong smell of acetic

acid. It lias the peculiar property of precipitating the peroxide of

iron from solutions, V)ut not the protoxide.

This acid forms salts with the .alkalies and other bases; they are

called fumarates. They are not important compounds, none of them
being applied to any use. (Berzeiius. * Traite de Chimie,' torn. 5, p. 102.)

FUMARAMIDli (C,H„N,OJ. When the fumurale of oxide of

ethyl, which is a heavy oily liijuid, is acted on by aqua ammoniw, it

forms a white insoluble [jowJer, which isfiimaramidc, and possesses all

the characters of a compoimd amide.

FUMARIMIDE (C.HjNOj ?). A reddish amorphous powder, formed
by exposing bimalate of ammonia to a heat of about 400° Fahr. Heated
for several hours with hydrochloric acid, it yields asixirtic acid.

C,H3NO,-f4nO=C,U,NO,

Aspartic acid.

FUMIGATION is the application of the vapour or fumes from me-

tallic or other preparations to the body, with the intention of healing
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(ttharfBoenlly, or particular ports. The vapour* of hot \-inognr, burn-

ing (ulphur, and uf aromatio TageUbla matten, bare bean long uikmI t<

'

counteract unpleaMnt or anwhueaaoM amoUii : thia ia effected cliieUv

by the formation of luoh aa are atrongor. The moat important kimi

of fumigation i* that which consi<ta in the employment of such vapours

or gaaea ai do not merely deiitroy unhealthy odours by exciting such

aa are more powerful, but whi<^ by their chemical action convert

dangeroua miaatnata into innocuous matter.

"Hie fumigation of the first kind, that which U intended to jiroducc

a healing elTect, is nuw tnuch leas employed than fuiwcrly j still, how-
ever, the bi>ul]ihidd of mercury is oocaaionalljr used in vapour, a^

what is termed a mercurial fumigation, in certain forms of syphiliii.

The use of vinegar, of aromatic (lostillos, and even the smoke of burn-

ing brown paper, which constitute the second kind of fumigation, does

not r«iuire any particular notice ; their operation can hardly be
reganltxl ax any other than that of substituting one smell for anotlior.

In thu Uat kind of fumit^tion three substances have been chiefly

employed, and in the g:iseou8 state : first the vapour of burning

aulphur, or sulphurous acid gas, hydrochloric acid gas, nitrous acid

gas, and chlorine gns; all but the last of these, or at any rate the

first and second named, appear to have been first used and recom-

mvndcd by Dr. James Johnrtone, of Worcester, about the year 176S

;

in 1 773 Quyton de Morveau also mentioned the application of hyilru-

chloric and nitrous acid gases, and in 1802 their use was still furtlicr

extended by Dr. J. C. Smith, who received a public remuneration as

the discoverer, which ho certainly was not.

Chlorine gas, which is undoubtedly preferable to any disinfectant,

was first recommended by Dr. Kollo, who published a work on diabetes

in 1 71>7 ; he liberated the gas by the usual method of mixing sulphuric

acid, binoxide of manganese, and common salt. When it is desirable

to produce a great effect in a short time, this is still unquestionably
the best mode of proceeding.

We shall give an abstract of the mode adopted by Mr. Faraday in

fumigating tiie Peniteatiaiy at Kilbauk in 1S25. (' Quarterly Journal,'

vol. xviii., p. 92.)

The space requiring fumigation amounted to nearly 2,000,000 cubic

feet; and the surface of the walls, floors, ceilings, &c., was about

1,200,000 square feet. This surface was principally stone and brick,

most of which had been lime-washed. A quantity of salt rcducc<l to

powder was mixed with an equ-al weight of binoxide of manganese, and
upon this mixture were poured two parts of sulphuric acid, previously

diluted with one part of water, and cold. The acid and water were
mixed in a wooden tub, the water Ixsing first put in, and it being more
convenient to measure than to weigh the water and acid, ten mcisures

of water and nine of .tcid were used ; half the acid was first used, and
when the mixture had cooled the remainder was added.

Into common red earthen pans, each capable of holding about a

gallon, were put 3} lbs. of the mixed salt and manganese, and there

waa then added such a measure of the diluted acid as weighed 4^ lbs.

;

the mixture was well stirred and then left to itself, and all ai>erturc.i

were well stopped. The action did not commence immediately, so

that there was sufficient time for the operator to go from {laii to pan
without inconvenience. On entering a gallcfy 160 foot in length, a

few minutes after the mixture had Iwcn made, the general diffusion

of chlorine was sufficiently evident ; in half an hour it was often almost

impoasible to enter, and frequently on looking along the gallery the

yellow tint of the atmosphere could easily he perceived. Up to the

fifth day the colour of the chlorine could generally be observed in the

building ; after the sixth day the pans were removed, though some-

times with difficulty, and the gallery thus fumigated had its windows
and doors thrown open. The charge contained in each pan w.ia

estimated to yield about 5} cubic feet of chlorine gas ; in fumigating

• qiace of 2,000,000 cubic feet, about 700 lbs. of common salt and the

una of binoxide of manganese were employed : and it will ap|>e.ir by
a slight calculation, that atmut 1710 cubic feet of chlorine were
employed to disinfect this space. In common coses, Mr. Kanulay
conceives that about one-half to one-fourth of this quantity of chlorine

would 1)0 sufficient.

When any cause for fumigation is continually recurring, and in

OIM cases alm<ist ini|XTc<>plibly so, the chloride of lime or s<Kla,

and Mpeoially of the fonuer, li.'ui been within a few years success-

fully employed by M. Labarnuiue ; the exact nature of these com-
pounds is still under discussion, but the chloride of lime is a substance

well known and extensively employed under the name of bleaching-

powdcr.
Wo shall relate a few cx])erimcnts performed by M. Qualticr de

Clanbry, Ulostrativc of the mode in which these sumtances prod\ico

their effects. A solution of chloride of Uine exposed to the air for

about two months, ceased to act upon litmus, contained no chlorine,

but a precipitate «'a8 formed in it which consisted entirely of carlwnate

of lime, without any admixture of chlorine ; it was therefore evident

that the carbonic acid of the atmosphere had dccomposc<l the chloride

of lime, evolved the chlorine, and precipitated the lime. That this

wtm the case was proved by pasaing atmoHphcric air through a miliitioii

of potash, before it was nuwie to traverse one of chlori>le i<f lime; iu

this case the potash sefiaratoil tlio carliouic .tcid, so that no chlorine

was evolved from the solution of chloride of lime, nor was any pre-

cipitate formed in it ; in fact no change whatever occurred. That it

was the carbonic acid which produced this effect, was further proved
by poaaing a current of thia gas into a solution of chloride of lime ; by
this it lost its bleaching power, the whole of the chlorine was expelled,
and all the lime converted into carbonate.

In order to show the manner in which these oompotmds of chlorine
and lime, and of chlorine and soda, act on putrid miasmata floating in

the air, some further experiments were made in the following manner :

Air was paasod through blood which had been left to putrefy for eight
days ; being then paoied through a solution of the chloride of lime,

carbonate of lime was depodted, and the air was rendered incHloroiis

and completely purified. In a second similar experiment the fetid air

was passed through a s.aturated solution of (Mtash Ixsfore it arrived
at the .solution of chloride of Ume ; the latter lia<l then no etTcet upon
it, and the air retained its iusupixirtable odour; this happened
evidently because the carbonic acid, which would otherwise liavo

evolved chlorine to have acted upon the putrid matter, was abs(jrbed

by the potash. Another experiment was made with air left for

twenty-four hours over putrescent blood; the portion of it which
waa pas8c<l directly through the chloride was perfectly i>urified, but
when previously freed from carbonic acid tlie chloride had no ctt'cct

upon it.

These ex])oriment8 sufficiently prove that the carbonic acid in the
air, arising from the various sources of respiration, combustion, and
the decomposition of animul and vegetable matter, liberates the chlo-

rine from its combination with lime or Bo<la ; and as this action is

slow, the chlorine, though scarcely susceptible of affecting the animal
economy, reatUly decomposes putrid mi;ismata. It is therefore true

fumigation by chlorine, only it is less violent than that elTectcd by the
rapid evolution of the gas, and it continues for a longer time.

It is to be observed that chloride of lime is used in solution, and is

obtained by dissolving one part of bleaching powder in about 100 times

its weight of water, and allowing the solution to become clear. This
is to be exposed to uifected air, or in rooms which have any unpleasant

odour, in fiat vessels, in order that a sufficient surface may be acted

uixin. If it should be required, the operation may bo quickened by
the addition of a UtUe vinegar, or of muriatic acid largely diluted. In
some cases, where the disagreeable smell is extremely strong, and
where it would be difficult to expose a solution to slow action, it may
be thrown into the place, or the powder may be used, the action of

which would be more gradual and effectual. Chloride of soda is pro-

pared only iu solution ; the process is given in the last edition of tlio

' London Pharmacoixeia :
' it is however less easily obtaine<l than the

cliloridc of lime, is more ex|)eiisive, and not in any respect preferable

;

the solution is then called liquor soda> chloriuatio.

FUNCTION, AUBITRAKY. In the mt^raUon of partial diffe-

rcutiid equations, arbitrary functions are introduccil, that is, functions

which may be of any form whatsoever. Thus, in the problem of the

vibrations uf a thin column of air, which leads to an equation of the

form
<Pz _ ^ cP:

dji* - "' df

the complete solution of the equation is

r = .^ (y -h ox) -n)- (y - our)

when ^ and <^ stand for any functions whatever. The determination of

these arbitrary functions must depend upon the d.-ita of the problem.

Thus, if it were rojuired so to determine ^ and + as that z should

become x wheny is x, and x' when ySahx: we have tlien to dctermiuc

the forms of 4> and ^ from the two o<|uatioua

* (j: -f <tr) ^ (x — nj) = X
^(bx-^ax) * ^(bx— ax) = 3?

Those two ftmctional equations might bo solved without much
difficulty, and forms of ^r and Aix found. Theoretically, the determi-

nation of the arbitrary functions, so as to satisfy given conditions,

resolves itself into the solution of functional e<]uation8.

But when these questions were first considered, it was soon seen

tluvt the problems from which they are derived present very jicculiar

circumstances. For instance, when the problem is that of liiidiiig tlio

manner in which a disturbiuioe travels along a thin coluuui of air, the

preceduig equation exists, where x represents the amount of comprei-

sion or rarefjiction wliich exists in the air ot a distance y fi-oin a fixed

origin at the end of the time x from the beginning of the luolioii.

Now, in practice, there is no disturbance of the state of the air at the

beginning of the motion, except in one small lart of the column (as in

a sound excited at one end of a cylindricsil tube). Suppose, for ex-

ample, tliat by introduction of oxtoriud air, a certain amount of com-

pression, e, is generatc<l at the first moment (x = 0) throughout the

iwrtion of the tulie which extcmls from j/ = to y = >«. When .< - 0,

:\b^j \ ^n, and the conditions of the j>roblem rcpiiro that <f;i -H if-y

shoidd be eKjual to c when ;/ lies between and m, and always equal tj

nothing when f/ is greater than m. Houcc, <^ij + ^<J must bo a dis-

continuous function ; so that in this simple problem mathematical

methods are insullieient to express a solution, uuhaw iliscontinuous

functions can bo admitted among the solutions of partial differential

otiuations.
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There was, at one time,[a spirited discussion between Euler, D'Alem-

bert, and Lagrange, as to whether discontinuous functions could

properly be admitted among the solutions of differential equations.

We cannot enter into the details of this discussion, but we shall state

the manner in which the question has been settled.

The considerations in CnRVE give some approach to the notion that

curres which are perfectly independent may be combined in one equa-

tion ; and also that a continuous curve may be drawn, the arc of which

runs as near aa we please to two distinct branches of two indejiendent

cur\'e3. The power of expression given by means of definite integi-als

and periodic series [Integrals, DuFrNiTE], puts this result in a

stronger light. Suppose, for example, that an axis of x being taken,

we want to express mathematically the ordinate y, iu such manner that

it shall be nothing from x = — «> to .r = 0; that of a certain straight

line from x = to x = o ; that of a certain circle from x = ato x=b,
and nothing again from x = b to x = ^ . In other words, we ask

whether a Une which is both limited and discontinuous, being a part

of a straight line and a part of a circle, can be put upon the same

sort of footing as an algebraic curve ; so that a definite equation y= <px

shall always give y = when there is no ordinate, and shall give the

proper value of y whenever there is an ordinate. The answer to

this is, that such an exiiression for ipx can be given, when the not-ition

of the integral calculus is assiuned. And more than this, a contlnmwi

curve can be foimd which fulfils all the conditions above noted, as

nearly as we please. That is, m being a small quantity which we may
name as small as wel please, it is possible to find a continuous curve,

the ordinate of which shall never be so great as m from x = — <a to

X = 0, shall never differ by so much as m from the ordinate of the

straight line while x passes from to a, nor from that of the circle

-while X passes from o to 6, and finally, shall never be so great as m
from a; = 5 to a: =00 . Having the power of making m as small as

we please, wo thus trace the expression, as it were, into its final

discontinuous form when m = 0.

In this manner, it appears that every discontmuous function may
bo regarded as the Umiting form of a continuous one; and the

various modes in which this is established take away all idea of

danger from admitting discontinuous functions among the solution

of differential equations. This subject is well studied in its application

to physics.

FUNCTIONS, CALCULUS OF. By the ttvm function of a quan-

tity is meant any algebraical expression, or other quantity expressed

algebraically or not, which depends for its value uj)on the first. Thus

the circumference of a circle is a function of the radius ; the expres-

sion {a?—3?) (b^ + y-) is a function of a, b, x, and y. For the distmctivo

names of functions, see Tka.\sckxde.stal and Alokbraical.

All algebra is, in one sense, a csJculus of functions ; but the name

b peculiarly approjjriate, and always given, to that branch of investi-

gation m which the form of a function is the thing sought, .ind not its

value in any particular case, nor the conditions under which it may
have a particular value. [EquATio.NS, Functional.] For instance,

" What is that fimction of x which, being multiplied by the same

function of y, shall give the same function oCx + y? "—is a question of

the calculus of functions.

Various isolated questions connected with this calculus have been

treated, from the time of Newton doivnwardf, particularly by Lagrange,

Laplace, Monge, and Euler. But the direct solution of functional

eqaationo, or at least the first attempt to form general methods in the

case of fimctions of a single variable, apjjears to have been made by

Mr.Babbage and Sir J. Uerschel (1810-1»13). To the treatise entitled

• Elzamples of the Calculus of Differences,' by the latter, the former

appended another, containing examples of the solutions of functional

equations. This last, and the article ' Calculus of Functions,' in the

' Encyclopiedja MetropoUtana,' are the only formal treatises on the sub-

ject of which we know.
A function of x is denoted by <t>x, ^x, x^> f^> P-'i *^> *<=•' *<=•>

the first letter being a symbol of an oi)eration to be perfoi-med. Thus,

Vfx denotes that when the operation signified by / has been performed

upon X, that signified by F is jierfonned upon the result. When the

same operation is repeated, the results may be denoted by /x, ffx, fffx,

&c., which may be abbreviated into fx, fx, f^x, &c. For difi'erent

points of interest connected with the rcLitions of functional forms, sec

Periodic; Inverse.
FUNCTIONS, THEORY OF, a name given by Lagrange to a view

of the principles of the Differential Calcidus, of which wo have

expressed oiu- opinion in the article DiFfEBENTiAL Calculus. The
works of Lagrange, in which its details are to be found, are ' Thdorio

des ,Fonctions Analytiques,' first edition, 1797, second edition, 1813;

and ' Lemons sur le Odcul dcs Fonctions,' of which the first publi-

cation is vol. X. of the 'Lemons de I'Ecole Normale' (1801); the

first separate edition was published in 17U7, and the second was pub-

hshed in 1806.

Taking Lagrange's intention to have been the proof that algebra, as

it existed in his time, was sufficient to demonstrate the piiuci[)les of

the Differential Calculus without the introduction of liniitH, we have

only to remark that the end is completely attained. [lJitfEni;NTiAL

Calculus.] It is plain to any one acquainted with that calculus,

that a demonstration of Taylor's Theorem being once attained, all

the rest follows. We now proceed to look at the proof of this

theorem given by Lagrange, with reference to absolute correctness or
incorrectness.

Lagi-auge first attempts to prove that every function <j>x has this

property, that fix + h) can be expanded in a series of the form

i(.r + A) = (fx + aA + Bh- + c7i,3 +

He says, firstly, that no negative powers of h can enter the expansion,
for if such were the case </> (x-H 0), iustavi of being ^.c, would be
infinite. This is true as to any finite number of negative powers of A,

but does not exclude an infinite serieS of negative powers. For
instance,

1 1 X x'

x + h A2 A'

when h=0,aU the terms become infinite, but the first side of the
equation is not infinite. Secondly, he assumes that there cannot be
fractional powers of A, for if such were the case, there iuu.-it be frac-

tional lowers in the original function tpx, and if <l>x had m different

p

values, and if K.4" were one of the terms of the development, the n
values of this latter, combined with the m values of tpx^ would give

m7i different values to ^ (.c -e A ), instead of m. In answer to this it

may be asked how is it known, a priori, that there must be a series of

powers of A, erery value of which is an expansion of <)> (x + h) '! May
it not possibly be trae that there is an expression of the form

M m

<p{x-fh) = tpx + Ah' +bA' + . . . .

which is true under certain conditions, determining which of the values

of the several terms are to be taken '! ThiriUy, he assumes that (h.aving

thus obtained a series, in which only whole powers of A are found) the

supposition A= must reduce it to its first term; an assumption
which can only be admitted of such a series as u + Ah + bA'+ .. .

.

when it can be made convergent by giving sufficiently small values

to A.

Having once proved or assumed that (p (x + A) can be expanded in a
series of the form ^x-(-AA + ii/i'--t-. .. the jjroof of Taylor's Theorem,
given by Lagrange, does not differ from the common one. He calls a
the derived function of </>.(', and denotes it by <p'x : generally, if

changing x into x + h change !• into v + i"'A ^ . . .
.
, p' is the derived

function of r. The derived function of (p'x, denoted by <(>".«, is called

the second derived function of (px, Jind so on. By changing x into

X -t- k; ip {x + A), or <j)X + aA + oh- -^ . .
.
, becomes

(<px + <ti'x .l + ..) + {A.-i-\'l: + ..)h + {B + n'/c + . .)h- +

and by changing A into A + 1, ^ (.r + A) becomes

•px -I- A (A -I- i) + B (A + i) - +

These must be the same, since both represent :p{x + h + i) : and by
eqimting the terms which contain the first powers of k, we find

<t>'x + a'A + la'h' -H . . . = A -H 2bA +

whence A=(t>'x, 2b = a' = if) ".r, and so on. The reader will recognise in

this process the proof frequently given by means of the prehminaiy
lemma, that if

It = <l>(x + A), then Lii _ -ii .

(Ix ah

The works of Lagrange on this subject, though defective in their

fundamental positions, except upon the explanation given in Differ-

ential Calculus, yet abound in new and useful details, given with all

the elegance for which his writings are distinguished : and the student

will find them well worth his attention.

FUNDAMENTAL BASE, in music, is the lowest note of the

Perfect Chord, or Triad, as the Germans adl it, and of the chord of

the 7th : hence it is the root of all real chords ;—for chords not derived

from either the perfect chord or that of the 7th, aie considered as

suspensions or retardations ; or, to speak in unaffected language, the

discordant notes of which they are composed are simply appvyiatnras.

[Chohd.]
The following will show the two Fundamental CliorcU, and their

inversions, with the continued [Conti:(Ued Base], or ordinaiy base,

and the Fimdamenlal liase.

i^Uidamental Base,

This term is not the best that might have been chosen ; the same

meaning is much better conveyed by the word radical, introduced, we
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bvUere, by I>r. Okllcott The qiMna of the FuixbnKiital Bue, fonnded

on tuuinoBie*, sihI • oootinual addition of thirds to tho triiul, ia

indebted for its origin to Rametu, the eelebntad FVench composer
[Kameac, in Bioa. IJir.], umI was once almost uniraraally rce«iT«d.

jVAlambert wrote a book to explain and eulogiae it, and Marpurg, a

moat distinguiihed theorist, adopted it in his ' Handbuoh bey dem
OenvalbaaM.' But though it may be rendered in aaine degree

enlueaMe in the analysis of chords, it is in more than ooe reject
etroaeoua, aad the rules drawn from it by its author would cruelly

fetter tMliiw, were they allowed to exert any influence on the oom-
podtion of music. Rameau's once ratmted system is now therefore

entirely laid aside, even in the country that gave it birth.

FUNDS; FUNDING SYSTEM. [Natiosai, Debt.]

FUNERAL, the performance of the rites of sepulture or burial

;

noerally supposed to be derived from the Latin /hsu, "a torch,"

beoanse, at least in the Roman times, funerals were aometimea per-

fcnned by toroh-light. Others derive the word from p/i6no$ (^Mt),
" hughter," aa designating death.

The Egyptians are among the earliest people of whose religious

eeramonies we have authentic accounts, more particularly in what
nlated to their dead. U|)on this occasion the parent-t and friends of

the deceased put on mourning habits, and abstained from gaiety and
entertainmeats. The mourning lasted from forty to seventy days,

during which time the body was embalmed,|and, when the process was
completed, placed in a sort of chest, which was afterwards preaerred

either in their bouses or in the sepulchres of their ancestors. Before

the dead were allowed to be deposited in a tomb, they underwent a

Boleiiin juilgment, upon an imfavourable issue of which they were
deprived of the rite of burial. The funeral was conducted with great

ceremony. The embalmed body waa conveyed on a kind of sledge

drawn by cows or oxen, or placed in a boat and towed along the river.

In front of the bier, a seated figure representing Anubis is often seen

in Egyptian paintings. The sledge was preceded by hired female

mourners, with their breasts uncovered, and their hair hanging loose

down their backs. The relatives followed, and priests were in attend-

ance to perform the necessary religious ceremonies ; but, judging from
the ancient (Hiiutings of funerals, the arrangements varied considerably

with persons of <Uiferent ranks and at different times. (See Rossellini,

plates Na cxxvii., kc ; and AVilkinson.)

Among the ancient Jews it is clear that great regard was paid to

a due performance of the rites of sepulture. (Qen. xxiii. 2-4 ; 1. 7-13;

2 Chron. xxxii. 33 ; Amos v. 16 ; and the references to interment gene-

rally throughout the Scriptures.) In Egypt and Babylon the Jews
seem to have placed the Ixxly in a cutfiu ; but elsewhere, both in the

earlier ages and in the time of our Saviour, it was customary to nTap
the cori>se in linen cloths and carry it quickly to the tomb. That they

sometimes burnt the body is cleiu* ; but burial in a sepulchre was the

more ustial fashion. (See further, Jahn, 'Jewish Antiquities,' §§ 205-

211, and the various commentators on the Bible. The circumstances

attending the burial of the dead among the modem Jews ore minutely

detailed by D. Levi, in his 'Succinct Account' of their Rites and
Ceremonies, pp. 162-170.)

In the religious creed both of the Greeks and Romans, sepulture

was peculiarly an act of piety towards the dead, without which it was
supjxised the departed spirit could not reach a place of rest. To be

deprived of the profier rites was considered the greatest misfortune

(Homer, ' Od.,' v. 311, and xi. 68); and the abhorrence of certain

crimes was strongly marked by the refusal of biu'ial to criminals con-

victed of them. The funeral rites of the Greeks and Romans were in

many respects nmilar, and among both nations the practice prevailed

of burning the dead and collecting the ashes in urns. In the case of

public funenls, according to Servius's ' Commentary on Virgil,' the

deceased waa kept seven or eight days, and every day washed with hot

water, or sometimes with oil, that in case he were only in a slumber

he might be waked ; and at stated intervals, his friends, meeting, made
a shout with the same view: this was called amckmuUio. On the

seventh day, if no siguH of life appeared, he was dreaaed and placed on
a couch in the vestibule, with the feet outwards, aa if about to take his

departure,—a pieoe of coin l>eing ]>lac«d in his mouth for the purpose

of paying the fee of the ferryman in Hades. In the course of these

seven days, an altar was raised near the bedside, called aeerra, on
which the friends offered incense. The scene hero described is fre-

quently represented in ancient bas-roUefs : several such oro in the

BritiKh Museum. On the iwventh day the last " oonclomatio " ended,

when the couch and body were carried to the rottra, whero the nearest

of kin |ironounoed the nmeral oration, and afterwards to the funeral

pile. In the case of persons of importance, the funond procession was
often ver}- splendid. The cost of funerals of persons dying intestate

was dotenuinod by an officer appointed for the pur]xmv. The luidy

having been consumed, the ashes were gathered, inclosed in an urn, and
finally Uid in the sepulchre or tomb. An apothecaiB, or canonimtion,

was frequently part of the funeml ceremony of the emperor. A l>an-

quet was a port of the funenl ceremony among both the Greeks and
Romans. Although the practice of cremation was general with )»th
people, interment waa always more or less resorted to. The practice

of burning th* dead eventually gave way before the spread of

Christiiinity.

Id the British Museum are numerous marble cinerary urns (or those

which ooatained the aahas of the dead), both of Greek and Roman date,

and others of painted aartbanwara, both Greek and Etruaoan. There
are abo in the Britiah Museum many aolid funeral uma, which ware
merely commemorative of the deoeaisad ; as weU as inscribed moou-
meot^ tablets, and columna, or dppL We give cuts of two of these
Greek urns. The first, a fragment of a fine oinarary um, is in the
Elgin Saloon (No. 27£). The young man and woinan who are joining

Ciarrarj Um in the British Moseam.

hands have their names inscribed above,—Demostrate and Kallisto.

The second cut is from a aolid funeral um, 2 feet 34 inches high, found
in the ruins of the Corinthian portico iu the bazaar at Athens. It is

now in the Elgin Saloon (No. 192). From the inscription we leara

Airl/JLVCMUl?

Solid Funeral Urn in the BrltisU Muscnm.

that the standing figure in the centre of the bas-relief represents Pam-
]>hilus, son of Mixlades, of the deme .^gilia, the seated figure being
his sister Archip])e.

The funeral rites of the Greeks and Romans have been coUeoted
with great research by Guichard in his ' Fundraillea, et divorsea
Maniires d'enscvclir des Romains, Orccs, ct autres Nations,' 4to, Lyon,
1581 ; by Meursius, iu his treatise ' l)c Funere Gnecontm ct Ronuuu)-
mm,' 12mo, Hag. Com., 1604 ; by Gutherius, 'De Jure Maniuui, sou
de Ritu, More, et Legibus prisci Funeris," 12mo, Par., 1618. reprinted

in 4to, 1615, and again in 8vo, Lips., 1671 ; and by Kirchman, ' De
FuneribuB liomanorum Libri IV.,' 12mo, Hamb., 1605, and Lugd.
Bat., 1672. See al*> the ' Ceremonies Funibrcsde toutcs Nations,' i>or

Ic Sr. M.iret, 12mo, Par., 1677; Stackeberg, 'Die Uriibcr der Hollo-

nen,' and Kircliman, ' De Fiuicribiui Ronuuiis.'

For the funeral rites of the early Christians, the rea<ler may consiilt

Gretscr ' Do Funere Christiano,' 4to, Ingulst., 1611 ; and he may leam
the customs of a later period from Durand, who wrote his ' Rn^onolc
Divinoniui Ofliciorum' in the 12th century.

Investigations among the scixilcliral tumuli of the northern nations
show clearly that though liefore the introduction of Christianity the
practice of cremation prev-iilcd, that of burying the dead imbiirnt was
nltsorved also in the later jicriods of the |>rchi>iti>ric em, in Norway
and Denmark, as well as throughout (Germany, Knnce, and England.

(See Worsaae's ' Primeval Antiquities of Denmark," tranKlate<l by W.
J. Thoms, 18J0 ; and the articles CROMi.Ecn and TlJil-Lrs.)

Tacitus, in his treatise ' De Moribus Uermanonim,' (c. 27) notices

the simplicity of the funerals among the ancient Germans. Like the
l^||nan)l. they bumcd their dead. 'I'he things which a German valued



F0NERAL ORATIONS. FUNICULAR MACHINE. 23S

most were his arms and hi? horse : these were added to the funeral

pile, with a persuasion that the deceased would have the same pursuits

in his new state of existence. In the tomb of Childeric, king of the

Franks, his spear, his sword, with his other warlike weapons, and even

his horse's head, were found. (See Montfaucon, ' Monumens de la

Monarchie Francoise,' torn. i. p. 10.)

Brand, in his ' Popular Antiquities,' vol. ii., p. 139 to 212, has much
upon the English ceremonials, beginning «-ith ' Watching with the

Dead," called in the North of England the Lake-Wake ; he then pro-

ceeds with ' Laying out or streaking the Bo<ly
;

' setting salt or cindlca

upon it ; funeral entertainments ; sin-eaters ; mortuaries ; following

the corpse to the grave, and carrying evergreens, torches, and Ughts,

at fimerals ; black iised in mourning ; the p.ill and under-bearers

;

doles and donations to the poor at funerals ; church-yards ;
gar-

lands in churches ; and strewing flowere upon graves. Strutt's

' Manners and Customs,' Gough's ' Sepulchral Monuments of Great

Britain,' and ' Notes and Queries,' vols. vi. to xii. of series 1, are

other works to which the reader may refer for the older funeral rites

of England.
Funeral e«terlainnienl», called silioemia and efua feralea by the

Romans, are of very ancient date. They are still kept up in the north

of England, and are there called ar\'als or arvils. Among some
extracts from the Berkeley Manuscripts, we read that " From the

death of Maurice, the fourth Lord Berkeley, which happened

June 8th, 1368, until his interment, the reeve of his manor of

Hinton spent three quarters and seven bushels of beans in fatting one

hundred geese towards his funeral, and divers other reeves of manors
the like, in geese, ducks, and other poultry." Walsingham, speaking

of those who attended Richard Il.'s funeral at Langley, in 1399, says,

" Nee erat qui eos invitaret ad prandiiim post laborem." (' Hist.'

p. 405.) Shakspere has a wellkiiown allusion to these feasts in

' Hamlet/ act i. sc. 2 :

*' The funeral baked meats

Did coldly famUh forth the marriage tablei."

Lafitau, Charlevoix, and other travellers describe funeral ceremonies

not unlike some of thooe above noticed as prevalent among the savages

of America. Robertson (' Hist, of Amer.' vol. ii., b. 4) says, as they

imagine that d^)arted spirits begin their career anew in the world

whither they are gone, they bury together with the bodies of the dead,

their bow, their arrows, and oUier weapons used in hunting or war

;

they deposit in their tomb the skins or stnBa of which they make
garments, Indian com, venison, domestic utensils, and whatever is

reckoned among the necessaries in their simple mode of life.

FUNERAL ORATIONS, discourses at funerals, are of great anti-

quity. The second book of Thucydidcs (c. 35, &c.) contains the

laboured haraneue delivered by Pericles at the solemn funeral cere-

mony instituted in honour of those Athenians who fell at the beginning

of the Peloponnesian war ; and other simikvr orations are extant iu

Greek. Augustus, at the early age of twelve, performed this ofhce for

his grandmother, and afterwards, when emperor, for the young Mar-

cellus. Tacitus tells us that Nero pronouncetl a funeral oration over

his wife I'oppcDa. Fimeral orations were equtilly common over

Christian martyrs ; and Durand, in his ' Rationale,' says, " Ceterum
priusquam corpus humo injccta contegatur, defunctus oratione funebri

laudabatur." Fuller, in lus ' Appeal of Injured Innocence ' (part iii.

p. 75), and Misson, in his ' Travels in England,' show the continuance

of this practice to the close of the 17th century. Gay alludes to it in

his ' Dirge :

'

*' Twenty f^ood shillinfcs in a rng I l.iid.

Be ten the parson's for bia ecrmon paid."

The practice of delivering what m.ty be properly calletl funeral

orations, that is, addresses over the grave or at the interment of the

dead by laymen, is common among the French, and is not unfre(|uent

on great occasions among the people of the United States. In France

the ' Oraisons Funibres ' of Bossuet and Fldchier have deservedly a

high reputation.

FUNERAL SHOWS and GAMES frequentlyfollowed public funerals

among the Greeks and liomans. An early example of this occurs in the

funeral games celebrated by Achilles in honour of Patroclue. ( Homer,
' Iliad.') As the dead were supposed to be delighted with blo<j<l,

various animals, especially such as the deceased had been fond of, were
slaughtered at the pile, and thrown into it : and, in still ruder times,

captives or sLivcs. Among the Romans, gladiators, called Ijuntitarii,

were made to light. Junius Brutus exhibited gladiators at his father's

funeral ; and the ' Adelphi ' of Terence, at a later period, was produced
for the first time at the funeral of Lucius yEmilins I'aulus.

FUNGIC ACID, an acid discovered by Braconnot in the juice of

most fungi. This acid exists partly in a free state in thejieriza nigra,

and combined with potash in the boletus juglandit ; it may be obtained
from the juice of either of these vegetables by evaporating it to the
consistence of a syrup, and treating it with alcohol. The jwrtion in-

soluble in alcohol is the fungate of potish, which is to be decom[iosed
by acetate of lead ; the fungato of lead is to be decomposed by dilute

sulphuric acid, or by hydro-sulphuric acid, by which the lead is 8e|i.i-

rated in the state of sulphate or sulphuret, and the fungic acid is left

in solution.

This acid, when pure, is colourless, very sour, uucrystaUisable, and
deliquescent ; with lime it form.s a salt difficult of solution, and with
potash and soda deliquescent uncrystallisable salts ; in these and some
other properties it resembles impure malic acid. Some doubt exists
as to whether it is a distinct acid, and M. Dep.aignes states that it is

merely a mixture of malic, citric, and phosphoric acids.
FUNGIN, the name given by Braconnot to the fleshy substance of

mushrooms, purified by digestion in a hot weak solution of alkali : it

is whitish, soft, insipid, and but little elastic. It is not acted upon by
w-iter, alcohol, ether, dilute sulphuric acid, potash, or soda ; it is dis-
solved by hydrochloric acid when heated, and it decomposes and is

decomposed by nitric acid ; the results are much gas, oxalic acid, a
bitter yellow matter, and two iatty substances, one of which resembles
wax, iind the other suet ; the latter is most abundant. It is a highly
nutritious substance, and in many of its properties it strongly resembles
cellulose. [Cellulose.]
FUNICULAR CURVE. [Catenaky.]
FUNICULAR MACHINE is a name given by some mechanicians

to a cord or chain attached at one extremity to an immoveable point,
the other end passing over a fixed puUey or friction wheel and having
a weight suspended from it ; a weight being also suspende<l from the
cord or chin in some jxiit of its length between the fixed ex-
tremity and the pulley. The cord or chain becomes thus a mechanical
agent, since unecjual weights, applied as has been said, may be iu
equilibrio.

Let A c B in a vertical plane be the jKisition of a cord suspended
between two points A and B, but capable of moving freely on a pulley
at each of those points, and let v bo a given weight suspended from
any point c ; the weights p and i/, which should be applied to the cord,

at the extremities vertically below a and n, in order to produce equi-

librium, may be thus determined. Through c draw the vertical line

c 2 to represent the weight w, and draw z m, z n parallel to B c, A c,

respectively : then, by mechanics, the lines c m, c n will respectively

represent the strains in the tliroction* AC, B c, and consequently
the weights p and q, which, in the case of equilibrium, must be
equivalent to those strains. Now since the angles a c z, B c z are

known, representing them by a and b, the sine of the angle c m z may
be expressed by sin. (a + b); and by trigonometry,

sin. h sin. a

^ sm. a + b' ' sra. a + b

therefore if the cord were attached to a fixed object at one end, as A
or n, while cai>able of moring on a pulley at the other, and a weigh
w were applied at any point o in its length, a weight t/ or j), found
as above, would hold ic in etiuUibrio.

Again, let the weights p, q, w, and the position of the puUies at

A and B be given, the cord moving freely on the pullies and the
weight w being capable of sliding by means of a ring along the cord

;

then the position of the parts a c, B c of the cord, when the system
is in equilibrio, may bo found in the following manner. Imagine m n
to be the parallelogram of forces ; then since c z, c m, z m may be
represented r&spectively by the known cjuantities «', p, q, the values of

the angles A c z and C7,m or n c z may be found by tiigonoraetry.

With these, by a geometrical construction, or otherwise, the required

positions may bo readily determined, smoe AC and BC make with
horizontal lines, as A r/, Be passing through A and B angles equal to

the complements of A c z, B c z.

A cord suspended in a vertical plane between two fixed points and
acted on by weights placed at difl'erent points in its length, is called

a funiruiar polygon ; and the form of the suspended cord being

given, with the weight to be applied .it one .lugular point as c,

the weights at all the other angular points, in the case of equi-

librium, may be found thus. Let a and B be angular points on the

left antl right of c, and having determined the strains represented

by C n», C » by the p.arallelttgi'am of forces at C, construct a parallelo-

gram at A and another at B, having vertical lines passing through a
and n for the directions of their diagonals, and having two sides of

each coincident in direction with the adj.acent sides of the funicular

polygon, also milking the sides (at and d.*) on ac and bc et^ual to

c m and en respectively : then the diagonals will represent the weights

to be suspended at a and c, in order to counteract the strains in a a

and B c arising from the weight w .at e. By forming parallelograms in

a similar m.anner at the other angular points, the whole system may
be in equilibrio. See ' llutton's Tracts ' (Tract 1, sect. 2, prop. i.).
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In like mtaaer may the equilibrium of the nhien in a eurb-root bo
determined. [Roor.]
FL'KXEL, a hollow oonictJ roieel with a anal] tulie iaauing from

iU apex ; it in an instrument much used in common and domestic life

for conveying fluid* into renieli of email aperturce, and iu chumicU
operations it is uaed not only for thia purpoee but for the impurtaiit

oiii' of tiltvring. [Fll.TUATloN.] For the mere pur]>o«e of the traiwfer

trofu one vessel to another of atich fluids oa do not act upon niotnli,

funnel* are ooumonly made of cup|>er, pewter, or tin plnte, and tbix

ia eapedally the case when they are employed for conveying |>owdcrB

into bottlea. When, however, they are employed by the chemist with
acid, allialine, or such other eolutions aa diaaoWe or corrode Uio

Trt*lf, then funnels are made of earthen or stone ware, or of gloss.

'WImb naed for filtration, especially in smaller and nicer operations,

thole of glaas are alwayd to bo preferred.

FURFUIUMIDE (C„H,,N,0,). A product of the action of

ammonia upon fiir/urol. It la isomeric with furfurine.
FURKI'KINK, a substance artificUlly formed by Mr. Fownes,

poesessiug the pro|ierties of a vegetable alkaloid, and forming salts

with acids. It is procured by boiling farfuramide with solution of

eaustio potash. Its formula is C,„H,,N.O„.
FURFUROL (C,,H.O,). Wlicu sugar or sUixh in iictod upon with

n mixture of dilute sulphiu-ic acid and peroxide of manganese, there is

produced in addition to formic acid, a peculiar oily matter which lios

been named furfuroL It ia produced by the following reaction :

—

CiiH,,0,, + O. = SCO, + C,,U,0. + CHO

Btanh. Farfotol.

Tlie same liody con also be obtained by other reactions. Furfurol is

nn oily fluid, almost colourless at first, but on exposure to nir, it

gradually becomes brown, and finally block. It boils at 830" Fahr.,

nnd is easily soluble in water and in alcohol. Left in contact with
ainmonut for several hours, it is completely converted into a yellow

semiKrrj-xt.'dline mass of furfuramide.

FURIES. [Edmesibe-s.]
FURLONG. [Weiuhts asd Me.v.surks.]

FURNACE. The common grate is the most familiar example of a
furnace. It is constructed of iron, and of various forms. The fuel is

kept in it only by bars, in order to throw the heat out into the room.
Indeed this is its principal use; and although its heat is barely

sufficient to melt thin plate silver, yet many chemical operations may
be {performed in the common stove, and its flat sides or cheeks furnish

a lower degree of heat, by which evaporation and digestion may be
eflected. The term furnace is, however, usually applied only to the

fire-places use<l in manufactiuing o{)erations, such aa those of chemists,

metallurgy, and civil engineering.

For the smaller operations in chemistry a great variety of furnaces

have been inventcit The annexed figure represents one of these, a

Wind Fumacp. niaftt Furnncc.

vintl fwrnaee : in this a very high temperature is pnxluccti without
the use of Ixillows, bv means of a powerful draught The chimney of
a wind fiunace should bo narrow ond high ; the fnmacc, represented
aa connected with and projecting from the diimney, should be of such
• height aa to allow the operator to look into it ; it should be from 12
to 15 inches square, and fumiahed with moveable bars and a cover;
every port exposed to the fire should be conabiictod of the best flre-

reaisting bricks. In the figure a crucible ia repr«sentc<l aa placed in
the furnace, and its cover w on. Thia furnace is much employed in
the reduction of motala, and in the assaying of copper and varioua
other ores. The fuel uaed is either coke, a mixture of coke and
charcoal, or anthracite. Another kind ia the chemical Uatlfitmaee.
The uterior consists of a blue pot eighteen inchea in height and
thfatean inches in ext<!nial diamcttT at the top. A small blue pot, of
seven and a lialf inches internal diameter at tlio top, has the lower
port cut off, so aa to leave an aperture of five inches. Xlus, when put

into the larger pot, rests upon its lower external edge, the tops of the
two being leveL The interval between tliem, which gradually
increases from the lower to the upper p.'ut, is fille<l with pulverised
glass-blowers' |ioU, to which water enough has been added to moisten
the powder, which is pressed down by sticks, so aa to make the whole
a compact mass. A round grate is then dropped into the furnace, of
such a size that it rests an inch above the lower edge of the inner pot

:

the space beneath it therefore constitutes the air-chamber, and the
part above it the body of the furnace. A horizontal hole, conical in
form, and 1 4 inch in diameter on the exterior, is cut through the
outer pot, forming an opening into the air-chamber at the lower i>art,

its use being to receive the nozzle of the bellows. The fuel employed
is coke, and the furnace ia uaed with a pur of double bellows mounted
on an iron frame : the furnace being raised upon an iron stool ao aa to
bring the ajicrture of the air-chamber to a level with the nozzle
of the bellows. Such a furnace as thia ia sufliciently powerful
to melt pure iron in a crucible in 12 or 15 minutes. It will

^B'ect the fusion of rhodium, and even pieces of pure ploUnum
nave sunk together into one Initton in a crucible heated by it;

all kinds of crucibles, including the Cornish and tlie Hessian,
soften, fuw, and lxK;nnie frothy in it. Mr. Faniibiy had such a furnace
OS this long in use at the linyal In.stitution.

The atMt/ or cufieUinij fnmacc ia a small furnace mode of iron, lined

with fire-proof clay, and containing a mufUc ; it is used principiUly for

(^

I 1^

the cui^ellation of gold and silver, which is placed upon a cupel in the
mufUe, previously heated to rcdnea-i. The interior of the furnace con-

tains merely the mufilc resting upon two bars of iron ; it is put about
two-thirds into the furnace, an(I there is consequently left a space
between it and the iKick part of the furnace. In the annexed cut,

a is the oriGcc of the muffle, which may bo closed by iron slides

jilaced at the side. The opening 6, placc<l below the grate, and pro-

vided with slides, serves as well aa the upjter opening c to regulate
the draught. Cliarcoal is used in this furnace.

Recently gas furnaces for the analysis of organic subEtances, and for

the fusion of metals, have been ingeniously contrived : the first by Dr.
Hofmann, and the latter l>y Mr. Oriffin. The first will l>e found
described in the 'Quarterly Journ.il of the Chemical Society,' vol. xi.,

p. 30, and the second in the ' Chemical News,' No. 3. For metallurgic

o|>erations on the Urge scale, as well as in making alk-alies, red load, &c.,

the rcrcrberatary furnace is much usetl. This is shoBTi in the annexed
figure. A ia the space furnished with a grate or bars, to contain the

u^

ncTcrberslory Fnrnace.

combustible, which is either coke, coal, or wood, acconling to circum-

stances; B K F is the part on which the flame acts, K F is the roof, u c
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the hearth ou which the substance to be heated is placed, and this is

either horizontal or inclined ; lastly, c is a low wall or the bridge of

the furnace, which retains the fuel in its place, and serves to direct

the flame towards Ithe roof : a shows the opening of the furnace,

usually placed at its side ; through this the substance to be heated is

introduced, and it is afterwards closed ; often also there is an opening at

B, to allow of melted metal to flow out. H is a very high chimney
that produces the draught, and which may be closed by a damper. As
this furnace is employed for a vast number of purposes, it is evident

that various forms must bo used; these however it will not be neces-

sary to describe.

Pig.iion Fanuee.

The pig-iron furnace (see preceding flgure) is that used in South
Wales and elsewhere in the making of pig-iron ; the height of this

furnace, from the bottom at a to the fillmg-place at b, is 50 feet

;

ths height of the hearth, from A to c, 8} feet ; from c to the top of

tlie bostes at D, 84 feet. The diameter of the hearth from a to

increases from 3 feet to 34 feet. The extreme width at the top of

the boshes o is 11 feet. The diameter of the charging-place B is

6 feet. E E E E, the lining, is composed of a double circle of fire-bricks,

about 15 inches long each, with a space for an intermediate packing of

sand. T F, the hearth, is constructed of large blocks of breccia, or

plum-pudding stone ; G o are the tuycrs or openings by which the
blast is dischaiged into the furnace from the blowing cylinder, which
is worked by a steam-engine. The contents of this furnace are 6015
leet ; and it is capable of producing 100 tons of pig-iron weekly.

This important subject of blast-furnaces will receive further elucida-

tion in Iron Masufactuke.
In connection with furnaces generally, the new inventions are so

numerous as to be quite beyond even enumeration in an article such
as the present. Some of the improvements relate to the furnaces of
locomotives ; some to those of marine engines ; some to those of
stationary engines ; and some to furnaces in general. In one class of
cases the patentees seek to economise space, in another fuel, and in
ani>ther to eflect the consumption or prevention of smoke. Some
relate to metallic furnaces, and some to brick-furnaces. In some the
ol^ect is to raise steam in great quantity ; while in others it is to

obtain rapidity rather than quantity. Many of these new forms of

furnace will receive brief notice in the articles relating to Metallurgic,
Manufacturing, and CivU Kngineering subjects.

FURNISHED LODGINGS. [LoDODfos.]
FURRIERY ; FUR DRESSING. The various kinds of fur im-

ported from foreign parts, as well as some found in our own country,
may be classed acconlmg to their use aa felled fun and dresucd furt.

Peliedfun. These include all such as are employed in hat-making
;

and are principally the skins of the hare, the rabbit, the beaver, and
the neutria. If the skin be taken off the animal in winter when the
fur is full, soft, and fine, it is called " seasoned," and sells at the
ARTS AND SCI. DIV. VOL, IV.

highest price ; but if taken off at any other period of the year, it ia

comparatively short, coarse, hairy, and less valuable, and obtains the
name of " unseasoned skin."

In the preparation of hares' fur for the hatter, the skin, after being
opened and spread out flat, is rubbed with a kind of saw called a rahe,

for the purpose of clearing away the dirt and dried blood without
detaching any of the fur itself. This done, the skin is damped on the
pelt or inner side ; and several are pressed one on another to remove
creases and irregularities. Next ensues the separation of the furry

covering from the felt beneath. This covering is of two kinds : an
external coat of long hairs which possess no felting properties, and an
internal coat of fine or tnie fur. These are removed separately. A
pair of shears, something Uke those used in shearing sheep, are worked
all over the surface of the skin so as to cut off the coarse haii' without
damaging the fine fur beneath ; and to effect this properly is a difficult

operation. The skin before this shearing was of a brownish colour,

but when the external hair is removed the fur beneath appears as a

beautiful jet-black glossy fibre. To remove this fur is the nest stage.

The skin, extended smooth and even, is placed upon a squai-e cutting-

board, made of willow, wetted occasionally to avoid blunting the edge

of the knife employed in the cutting. This knife is about six inches

long by three broad, and has a rough edge ; it is shaped something like

a cheese-cutter, so as to be used alike backwards and forwards. With
such a knife the fur is cut gradually in every part of the pelt ; the

knife follows the direction which the fur natuially takes on the

animal's skin : that is, from the head towards the tail. The whole of

the fur from one skin is either collected together as a light fleecy mass,

or is separated into parcels according to the different qualities of the

different parts.

The preparation of rabbits' fur for the hatter is somewhat difierent

from the above in its earlier stages, on account of the greater greasi-

ness of the pelt or inner surface of the skin. By the use 'of a knife

in a peculiar way, the thin cuticle on which the grease or fat is

deposited is strippetl ofi', bringing the impurities away with it. The
surface beneath is then rubbed with whiting. The rabbit skin, like

that of the hare, has two kinds of hair or fur ; but the coarser, instead

of being removed by shearing, requires to be pulled ; this is done by a

short knife about three inches long, held against a leathern shield

worn over the thumb ; the hairs are grasped, a few at a time, between
the knife and the thumb, and pulled out. A double care ia here

requisite : to avoid cutting the hair instead of pulling it, and to avoid

pulling or cutting the fine fur beneath. When this is done, the fine

fur is cut off in the same manner as hare's fur.

For the neulria skins, obtained from' the coypou of America, the

processes are nearly the same. The skin has derived its name (vari-

ously written neutria, ntUria, neutra, nuetra) from the Spanish name
for an otter, to whose skin it bears some resemblance. It is full of

fat and grease, and requires a thorough washing mth soap and boiling

water before bemg " pulled." The outer or coarse hairs are treated

like those of the rabbit and not Uke those of the hare ; being stronger,

too, they require a sharper knife and a stronger pull for their extrac-

tion. Not only the pelt side, but also the fur-side is full of grease,

and need a thorough purification before the removal of the hairs and
fur. When the external hair has been pulled, the inner fur is cut in

the same way as the others.

The skin of the beaver is, in many respects, the most serviceable of

them all for the hatter's purpose. It is, however, so full of grease

that the pelt requires to be scoured with fullers' earth and wliiting

before it attains a sufficient state of cleanness. The coarse hairs are

pulled out by the knife and thumb ; and being of no use to the hatter,

they are sold as stuffing for cushions. Then comes the cutting or

cropping, which is, at the present day and in the largest establish-

ments, effected by a very beautiful machine. There is a long broad

and sharp blade, equalling in length the full width of the beaver-skin,

and so adjusted as to fall rapidly ivith a chopping action against or

near the edge of another blade beneath. The skin is placed between

the two, and is attached to a piece of mechanism by which it is
•

drawn gradiuvlly from end to end between them ; as it passes, the

sharp blade crops the fur from off the pelt, which it does so efl'ectually

that not a particle of fur is left behind, and yet the pelt is not out

through in any part. The fur falls down in a light flocculent layer on

an endless apron beneath, from whence it is removed when the pelt is

denuded. This fur is of three or four different qualities, that from

the cheek being the finest and most v.iluablc ; and to seiKirato them
one from another a method at once simple and elegant is adopted.

The fur is placed in a large chest or trough, where it comes within the

action of a fan revolving two thousand times in a minute ;
the current

excited by this fan is so i-iolent that it whu-ls the fur along a hollow

trunk or channel fifty feet in length. During the passage of the fur,

the relative specific gravities of the filaments effect a separation with-

out any farther interference : those which are largest and coarsest fall

first, and are deposited ou tlie bottom of the first compartment of the

trough ; those which are next heavier arc deposited farther on ; and

lastly, the finest and Irest parts of the fur are blo\vn to the extreme

end of the trough, whence they can be taken without admixture

with any of the others.

The cutting of the fur from the pelt by machinery has been

attempted for various furs, but it has succeeded only with the beaver

;



»m FXTRRIEBY; FUR-DBE88INO. FURS AND THE KUB-THADE. Ut

Om ii mU to be owing to the cireuoutimoe that the bWTer-pelt ii

ytrj r^^ilar in thl-lny— and uniform in Kurfaoe; whoryu, moet of I

||l( other pdta >re irregular or unwiunblv. If the blade of the
\

«»i«/»iilti« by rflrring orer oa irraguUr part uf the pelt should cut off a

noil bit of theUtter, it would be the meoni of qioiling the inaas of

fur unlen removed. Attempt* have be«o nude to detooh the fur

from the pelt by '^l^»r^^>«l instead of merhaninal meonik In tanning

and leother-dreadng, the hair and wool of the animal are often

lmMW««^ by beii^ ezpoaed for oome hours to the action of some acid

or other "trfp^"** agent : and it has been supposed that the some

lerniU would be obtained with the furs used by liatters ; but it is found

that, though separable by such means, the fur is injured in its felting

propattias—an objection tiktal to the adoption of the plan.

Mkrer skins have recently been brought to an excellent state for

robes and other garments, by processes devised by Mr. Roberts, a

London furrier. Other kinds of fur besides the four above-named are

employed iu hat-making, but are not so generally serviceable. Mole fur

it one and regular, but is almost too short to be available. MutquaA
or wuut-nU fur is employed to some considerable extent. Seat-fur

presents a dull appearance when worked up as a covering to a bat,

being deficient in the delicate glominww which distinguiKUee beaver.

Olttrfkr a finer than that of the seal, and is bo far more service-

able, but it does not take a good black-dye. According to the price at

which a hot is intended to bo sold, so is the selection of the fur em-
ployed. A good beaver hat contains in the foundation or body a

mixture of fine wool with rabbit's fur, and in the covering lieavcr-fur

alone ; this is the standard, from which a departure takes place accord-

ing to the price. The use of this last-named fur, however, has much
lessened in recent years.

Some kinds of fur which are rather deficient in the felting property

are made to itndergi> a process termed " carrotting," so called from the

colour imparted thereby to the fur. This consists in wetting the skin

(before the fur has been yet cropped from the pelt) with dilute sul-

phuric acid, and quickly drying it cither near a strong fire or by means

of a heated iron passed over it. The fur of the same spociee of animal

often diSers very much in felting quality, according to the district

where the animal is found. Tbiu, the fur of the rabbit is said to

poaeoB a stronger felting quality when obtained from on animal

reared near the sea-coast than from an inland animal ; those of the

eastern coast of England, from Lincolnshire to the Tweed, are con-

sideied the finest The fur of the English hare, as a second example,

is found to be both finer in quality and stronger in felting power than

that of any other variety of the bare.

Vraud Fun.—By this term m.ay be designated those furs which are

retained on the original pelt, au<l in that state worn as garments or

trimmings of garments, iu the forma of cloaks, tippets, cufb, collars, &c.

Such an employment of furs was very much a matter of necessity

among the rude tribes where the custom was firs^ followed. At first

the skins were worn almost in the state in which they were token from

the finim.la ; but OB the usc of luxuries advanced, the art uf dressing

the skins became established, and fur took rank as an adornment as

well as a covering.

The dressing of furs for this purpose, or farriery, is much more
simple than the prci)aration of felting-fur for the hatter, since it does

not involve the separation of the filaments from the pelt beneath.

The fur-hunters of America, when they have captured a beaver or

other fur-bearing animal, strip off the skin, and hang it up to dry,

either iu the open air, or in a dry and cool room where there is no
fire. Great importance is attached both to the drying and to the careful

packing of the skins ; for if the slightest degree of putrefaction ensues,

the fur loses its firm hold of the pelt, .ind is not lit for furriers' pur-

poMO. When the skins are brought to England, and placed in the

hands of the furrier, ho examines them minutely, to see that the

drying has been properly effected, and the pelt iu a firm state. He
then proceeds to the two processes which constitute the main part of

his businen, namely, extraicting the greoainess from the pelt, and also

a kind of oil which is in the va itoeU. The skin is put into a liquid

ocotaiiiing bran, alimi, and salt; ood after su6lcient steeping it is

worked about and scoured, so as to remove the grease. The fiu' is

flsrnml from its oiline« by an application of soda and fine soap. The
cleanaed skin is finally washed thoroughly in cold water, and hung up
to diy. The alum and other ingredients employed in scouring the

pdt efbot a kind of tanning or tawing process, by which the pelt is

converted into a sort uf thin leather, and thereby rendered more
durable.

When thus far prepared, the skins are ready to be worked up into

the form of garments, or materioU for garments. In order to give

the lurfaoe of the fur a uniform length and colour of fibre, it is often

aaoaMory to cut up a great many akhis, and lew certain pieces of each
•dg* to edge ; for it is rarely if ever the esse that ererr port of the
•MM akin ut of one uniform colour. The cutting up of a skin thus
bacomas an imptirtaiit atGkir ; for unless considerable tact be exhibited,

mMV of the smaller pieces would become waste. The furs which are
uaed for the— purposes ore in general different from those selected for

Mthig; they comprise usually the gray, the silver, and the black fox,

the oable, the bear, the lynx, the ermine, the mink, the chinchilla, the
marten, the wolf, the filcbet, and a few others of less common
character.

The preservation of furs, when kept in stock for manufacturing par.

pesos, is a point of considerable importance, from the several souroas
uf injury to which they are exposed. If kept too damp, they rot ; if

too dry, they diminish in weight " The great enemy to all furs," says
a praotioal writer on this subject in the ' Encyclopanlia Uritannica,'
" is the common moth. This destroys the feltmg principle. When-
ever the slightest appearance in the fur indicates the secure lodg-

ment of this little creature, it ought immediately to be used; or/a
this cannot be dona, it should be taken out of the paper-bogs, sod
broken all over with a small switch rod, or, what will answer the pur-
pose still better, a hatter's bow. The same rules apply to the keeping
of skins in good condition as to fur. The situation ou^t to be cool,

dry, and well aired. They will seldom keep longer ^an twelve or
eighteen montlu, without nmning great risk of suffering injury from
the moth or black beetle. Too many ought not to be heaped together,

and particularly if they be rabbit skms, because the bit or greose shoot
these skins will get heated, run amongst the fur, and become of such
an acrid nature as to corAde the very pelt itsell Many persons are
inclined to keep hare and rabbit skins a long time, from a notion that

the fur upon them will increase in length from the moistiu-e loft in

the pelt. This is an entirely erroneous opinion. Any one who will

make the exi>erimcnt will find that the amount of fur obtained off .-my

given quantity of skins is much greater in weight when manufactured
immediatelj- after they are taken off the ammal, than after having
been kept for six or twelve months."
FURS and the FUR-TRADE. The use of furs appears to have been

introduced into civilised Europe by the northern conquerors. In the
6th century the skins of sables were brought for sole from the confines

of the Arctic Ocean to Rome, through the intervention of many
different hands, so that the ultimate cost to the consumer was very
great. For several centuries after that time furs could not have
become at all common in Western Europe. Marco Polo mentions as a
matter of curiosity in 1252, that he found the tents of the Cham of
Tartory lined with the skins of ermines and sables, which were brought
from countries far north, from the land of darhtets. But in less than
a century from that time the fashion of we-iring furs must have
become prevalent in England; for in 1337 Edward 111. ordered that
all persons among his subjects should be prohibited their use unless
their free incomes amounted to one hundred pounds a year. The furs

then brought to England were ftunished by the traders of Italy, who
procured them from the north of Asia.

The fiu- trade was taken up by the French colonists of Canada very
soon after their first settlement on the St. Lawrence ; and through the
ignorance of the Indians as to the value of the skins which they sold,

and of the trinkets and other articles which they took in payment, the
traders at first made very great profits. The animals soon becoming
scarce in the neighbourhood of the European settlements, the Indiana
were obliged to extend the range of their hunting expeditions, in which
they were frequently accompanied by one or other of the French dealers,

whose object it was to encourage a greater number of Indians to engage
in the pursuit, and to bring their peltries, as the unprepared skins are
called, to the European settlements. When the hunting season was
over, the Indians came down the Ottawa in their canoes with the pro-
duce of the chase, and encamped outside the town of Montreal, where
a kind of fair was held imtil the furs were all exchanged for trinkets,

knives, hatchets, kettles, blankets, coarse cloths, and other attioleo

suited to native wants, including anus and ammunition. A large port
of the value was usually paid to the Indians in the form of ardent
spirits, and scenes of riot and confusion were consequently of frequent
occurrence.

The next stage in the Canadian fur-trade was when some of the
European settlers, under the name of Coure«r» da Boit, or wood-
rangers, set out at the proper season from Montreal in canoes laden
with various articles considered desirable by the Indians, and pro-

ceeded up the river to the hunting-groimds. Here they remained for

on indefinite time, sometimes longer than a year, ctrn'ing on their

tratiic with the Indian hunters ; and when their outward investments
were exhausted, they retume<l, their canoes in general loaded with
packs of beaver-skins and other valuiible peltries. While engaged in

these ezpeditionB, some of them adopted the habits of the tribe with
whom thqr were associated, and formed connections with the Indian
women. The half-caste children make excellent voyayeart, and are

readily employed by the company in that capacity.

This trade was for some time extremely profitable. The men by
whom it was conducted were usually witliout ca|iital ; and their invest-

mento of European goods were lumisbed by the storekeepers of

Montreal, who drew at least their full proportion of profit from the

adventure. The return cargo was generally more valuable than the

inveatments, in the proportion of six to one, in the tariff of the

Canadian markets. Thus, where the investment amounted to 1000
dollars, and the peltries returned sold for 6000, the storekeeper first

rq>aid himself the original otitlay, and usually secured for himself an
equal amount for interest and commission, aner which the remaining

4000 dollars were divided between himself and the Coureur des ISuis.

The Hudson's Bay Company, astablishe<l with the express object of

procuring furs, w.-ui chartered by Charles II. in 107(1, with the privilege

of exclusively trading with the Indians in the vast and not weU defined

region lying to the north and west of the great inlet from which the
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company takes its name. This association founded several establish-

ments, and has ever since prosecuted the trade under the direction of

a governor, deputy-governor, and a committee of management chosen

from among the proprietors of the joint-stock, and resident in London.
The comp;my'8 charter not being confirmed by act of parliament, it

was considered that all British subjects were entitled to engage in the

trade with those regions ; and, in conformity with this notion, a part-

nership was formed in 1783 imder the name of the North-AVest Com-
pany, which proved a j)Owerful competitor. This comi>any consisted of

twenty-three shareholders or partners, comprising some of the most
wealthy and influential British settlers in Canada, and employed about
2000 persons as clerks, guides, interpreters, and boatmen or voi/aycurs,

who were distributed over the face of the country. Such of the share-

holders as took an active part were called agents ; some of them resided

at the different ports established by the company in the Indian terri-

tory, and others at Quebec and Montreal, where each attended to the
affairs of the association. These active partner^ met once in every
year at Fort Willmm, one of their stations near the Grand Portage on
Lake Sujierior, in order to discuss the afiairs][of the company and agree
upon plans for the future. The young men who were employed as

clerks were, for the most part, the younger members of respectable

families in Scotland, who were willing to undergo the hardships and
privations accompanying a residence for some years in these countries,

that they might secure the advantage of succeeding in turn to a share
in the profits of the undertaking : the partners, as others died or
retired, being taken from .imong those who, as clerks, had acquired the
experience necessary for the management of the business. This com-
pany hatl a settlement, called Fort Chippewyan, so far west as the
Lake of the Hills, in 1 10° 26' W. long. ; and some of the Indians who
traded with the peraons stationed at this fort came from beyond the
Rocky Mountains.
A great degree of jealousy and hostiUty arose between the respective

agents of the Hudson's Bay and North-West companies, which more or
leas impeded the operations of both parties for several years, until in

1821 a junction of the two was effected, and the trade has since been
prosecuted peacefully and successfully. Their presumed exclusive right

of trading throughout the vast region which they have made the
scene of their operations, is still guarded with extreme jealousy, as we
shim see further on. All the furs collected by the Hudson's Bay Com-
pany are (hipped to London,—some from their factories of York Fort
and Moose River, in Hudson's Bay ; other portions from Montreal ;

and the remainder from the Columbia River.

The fur-trade is prosecuted in the north-western territories of the
United States by an association called the North American Fur Com-
pany, the principol managers of which reside in New York. The
chief station of this company is Michilimackinac, to wkich are brought
all the peltries effected at the other porta on the Mississippi, Missouri,

and Yellowstone rivers, and through the great range of country ex-

tending thence to the Rocky Mountain'! This company employs
steam-boats for ascending the rivers, which penetrate with ease to

regions which could formerly be explored only through ihe most
painful exertions in keel-boats and barges, or by small parties on
horseback or on foot.

We shall here notice a few of Ihe principal *ur-bearing animals,

referring the -eader to the Natural History Division for more
specific information.

The ermine, called by way of pre-eminence " the precious ermine," is

found almost exclusively in the cold regions of Europe and Asia. The
float, which in fact is identical with the ermine, but the fur of which
is greatly inferior to that of the Euroi>can and Asiatic animal, is found
in North Amcrici. The fur of the ermine is of a pure whiteness
throughout, with the exception of the tip of the tail, which is black

;

and the spotted appearance of ermine skins, by which they are pecu-
liarly known, is produced by fastening these black tips at intervals on
the skins. The nnimal is from 14 to 16 inches long from the nose to
the tip of the tail, the body being from 10 to 12 inches long. The
best fur is yieliled by the oldest animals. They are t-vken by snares
and in traps, and are sometimes shot, while nmning, with blunt arrows.
The table a a native of Northern Euroije and Siberia. The skins of
best quality are procured by the Samoids. and in Yakutsk, Kamtchatka,
and Russian Lapland : those of the darkest colour are the most
esteemed. The length of the saljle is from 18 to 20 inches. It has
Ijeen considered by some naturalists a variety of the pine-marteii.
Marlnia are found in North America as well as in Northern Asia and
the mountiiins of Kamtchatka : the American skins are generally the
least ^valued, but many among them are rich and of a beautiful dark-
brown olive colour. The fiery fox, so called from its brilliant red
colour, is tiken near the north-eastern coast of Asia, and its fur is

much valued, both for its colour and fineness, in that quarter of the
world. Neiitria skins are obtained from South America, and the greater
part of the importations in this country come from the states of the
Rio de la Plata. These skins are of comparatively recent intro<luction,
having first become an article of commerce in 1810 : the fur is chiefly
used by hat-manufacturers, as a sul>stitute for beaver. Sea-Otter skins
were firat sought for their fur in the early i«rt of the 18th century,
when they were brought to Western Eurojie from the Aleutian an(l

Kurile Ishnda ; where, as well as in Behring's Island, Kamtchatka, and
the neighbouring American shores, aea-otten are found in great numbers.

The fur of the young animal is of a beautiful brown colour, but when
older the colour becomes jet-black. The fiu- is exceedingly fine, soft,

and close, and bears a silky gloss. Towards the close of the 18th cen-

tury furs had become exceedingly scarce in Siberia, and it became
necessary to look to fresh sources for the supply of China and other
Asiatic countries. It was about the year 1780 that sea-otter skins

were first carried to China, where they realised such high prices as

greatly to stimulate the search for them. With this view several

expeditions were made from the United States and from England to

the northern islands of the Pacific and to Nootka Sound, as well as to

the north-west coast of America. The Russians then held and .still

hold the tract of countiy most favourable for this purpose, but the
trading ships which frequent the coast are enabled to procure these

skins from the Indians. Fur-seals are found in great numbers in the
colder latitudes of the southern hemisphere. South Georgia, in 55"

S. lat., was explored by Captain Cook m 1771, and immediately there-

after was resorted to by the coloni.sts of British America, who conveyed
great numbers of seal skins thence to China, where very high prices

were obtained. The South Shetland Islands, in 63° S. lat., were
greatly resorted to by seals, and soon after the discovery of these

islands in 1818, great numbers were taken: in 1821 and 1822 the
number of seal skins taken on these islands alone amounted to 320,000.

Owing to the system of extermination piuaued by the hunters, these

animals are now almost extinct in all those islands, and the trade for

a time at least has ceased. The seal-fishery, or hunting, in the Lobos
Islands, is placed imder restrictive regulations by the government of

Montevideo, and by this means the supply of animals upon them is

kept pretty regular. Beart of variotis kinds and colours, many
varieties of foxe», beavers, racoons, hadijers, minis, hjmces, mmi-rats,
rahbits, hares, and si/uirrels, are procured iu North America. Of all

the American varieties, the fur of the black fox, sometimes called

the silver fox, is the most valu.able ; next to that in value is the

fur of the red for, which is exijorted to China, where it is used for

trimmings, linings, and robes, which are oruameuted in spots or

waves with the black fur of the paws of the same animal. The fur

of the tilxer fox is also highly esteemed. This is a scarce animal,

inhabiting the woody country below the falls of the Columbia river.

It has long thick fur of a deep lead colour, intermingled with long

hairs white at the top, forming a lustrous silver-gray, whence the

animal derives its name. The hides of bisons (improperly calletl buflii-

loes), of the alieep of the Rocky Mountains, and of various kinds of

deer, form part of the fur-trade of North America ; and sometimes the

skin of the tr/iite A rclie fox and of the Polar bear are found in the

packs brought to the European traders by the most northern tribes of

Indians. There is but one species of fur which is peculiar to England,
the silrer-tipjied rabbit of Lincolnshire. The colour of the fur is giay

of different shades, mixed with longer hairs tipped with white. This
fiir is but little imed in England, but meets a ready s.iJe in Russia and
China ; the dark-coloured skins are prefeiTcd in the former country,

and the lighter-coloured iu China.

The fur-sales of the Hudson's Bay Company .are held every year in

the month of March, and being of great m.agnitude, they attract many
foreign merchants to London. The purchases of these foreigners are

chiefly sent to the great fair at Leipsic, whence the furs are clistributcd

to all parts of the continent of Europe.
Circumstances of a remarkable kind have recently given a new

intere.>)t to the American fur-trade, in relation to its political, pro-

prietary, and commercial aspects. In the articles Hudson's Bay
Terkitobies, Oreoon, and Vancouver, in the OEooRArHiCAL Division
of this Cyclopicdia, an accoimt is given of the mode iu which the

Hudson's Bay Company's operations received an extension on the coast

of the Pacific. Since the period when those articles were published,

important events have occurred which call for some notice here,

seeing that they are likely to affect the future course of the fur-trade.

In 1866 gold was discovered on the banks of Fraser River, within a

short distance of Vancouver Island, about 800 miles north of San
Francisco, in California; and in 1857 the discovery was amply con-

firmed. The region belonged to Englaud, but had been only in-

teresting to Englishmen in so far as the Hudson's Bay Company had
established fur-hunting stations upon it. Now, however, a new order

of things commenced. If the gold were at all plentiful, it wivs ceitain

to attract a large number of diggers from California, and adveutui'ers

from other quarters, and to bring about a state of society with which

the company's servants would be iucompetent to dcil. The company
have uniformly discouraged trading and colonising by any free trading

community, in order to retain the monopoly of the fur-trade iu

their own bands. When the island of Vancouver was leased to them
by the Crown, there was a virtual undertaking by them to colonise

it ; a condition which, though not actually evaded, has been but ill-

fulfilled. A town, called Victoria, was established on the island ; and
this became the head-quarters of the company's operations in that

region. The island is little more yet than an imcleared forest, with

20,000 aboriginal inhabitants and a small number of Europeans.

Victoria has many of the elements for a magnificent port ; it was a

mere hamlet of 400 souls when the gold discovery was made ; but it

was speedily overrun by 6000 or 8000 adventurers, who came to it from

all quarters as the nearest town to the gold-fields. Fortunately, Mr.

Douglas, the chief officer, was a man of tact and energy, and proved
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htiiMwlf equal to the difficultica of hi« new ponition. It mtut be under-

•tood that the ooin|»iiT had no governing puwcr iu the ialanil ; th«y

held a leaoe of the aoil for ten yean (llH\t to l$5f) fur tnuUiig |>ur-

poaea, on condition of mtahHihhig a ookmy and diaposing of land to

emigranta ; but the gororoor wai appointed by the Crown, and legia-

lativo hmiiwA were chinni by the |ico|>lc. Tho c<>ni|>aiiy iw wcU ah tliu

l^vcmmcnt felt that auch nn iin|H>rtant iitlnnd could not long roiuoin

in this onomaloiia condition ; for it haa all tho capabilitieB for being

.A great naval station for Britiah ahipe oo the eastern margin of the

Bacifie, and ia moreoTer very advantageously Hituated for commoroo.
It had become well understood that the lease to the company would
not be renewed iu 1859 ; but the gold discoveries on the adjacent

coast rendered additional nrnuigcuients neoeasary. In July 1858 the

government brought a bill into the House of Commons for the esta-

blishment of a new colony to be called New Calwlonia, to comprise

the island of Vancouver and a wide stretch of the a<ljacont main-

lan<L This mainland portion extends from the Pacific to the Rocky
Mountains, about 300 miles ; and from latitude 49° N. to about 55 >

a little over 400 miles. No governor or magistrate of any kind
existed within those limits, for Mr. Douj^ only governed the island

;

and therefore speedy legislation became necessary, to prevent anarchy,

and to secure the region to the British crown. The act proposed by
the bill was to endure oiUy until 1803, to i\fford an op|K)rtunity for

modification in tho governmental regulations. With a few amend-
ments and oltorations the bill became a law (21 &. 22 Vict. c. 99)

;

but the name of the colony was changed from New Caledonia to

British Columbia. A disagreement with tho United States Qovem-
ment, in 1859, did not affect the general ownership of this new colony,

but only referred to the small island of St. Juan, which is claimed by
both nations, owing to a want of clearness in a treaty which settles

the boundary in those regions at the 49th parallel of north Lititudc.

,Tho eventual colonisation of British Columbia will interfere a little

with the [fur-hunting arrangements of the Hudson's Bay Company

;

but it will exert still more influence by introducing the principles

of unshackled trade into a region where strict monopoly has hitherto

been maintained. There seems a probability, also, that the fur-trading

privileges of the company in other <|iiarter8 will shortly be curtailed

;

the wishes of the legislature in this respect were pretty strongly

expressed in 1858 and 1859, in reference to certain licence-privileges

erminable in 1860,

A committee of Inquiry, appointed by the House of Commons in

1857, was the means of bringing to light much curious information
concerning the fur-trade. Occurring before the events just noticed
were fully known, the inquiries could not bear relation to the
gold deposits, nor to the new i>oliUcal relations of the western coast;

but as for as concerns the fur-trade, the information remains as true in

1860 as it was in 1867. This is the more valuable, because the com-
pany have always been very chary of communicating information con-

cerning their commercial transactions; on this account, a few facts

may suitably be introduced here.

The company's vast territories are ruled by a govemor-in-chief,
invested wiu large powers. For forty years this office has been held
by Sir George Simpson. Under him are sixteen chief factors, control-

ling districts or provinces into which the territories are divided. Sub-
ordLoate to these are twenty-five chief traders. Each factor or trader
has a sort of metropolis or head-quarters, called a fort, factory, or post,

. laige enough to accommodate a considerable number of persons, and
throng enough to be defended against any hostile attacks by Indians.

The diief factors and chief traders are not salaried servants ; they are
partners or shareholders, receiving, in return for their personal services,

a definite percentage on the company's amiu.-d trading net profits.

Under the factors and traders, or associated with l£em, are five

uigeons, forty chaplains or missionaries (belonging to four Christian
denominations), about a hundred and fifty clerks and postmasters or
maaengers, and twelve hundred servants or subordinates. Nearly all

these peiaons receive their a|j|>ointment from the directors of the
company, and a large number of them are Orkney men. They go out
at first under an engagement for five years ; but most of them stop
much longer, some as long as twenty-five or thirty years, and the
average as many as fifteen. The first wages for servants, labourers, &c.,

is about 20L a year, besides board, lodging, and other necessaries;

and the men gradually rise in station and in salary according to their
ability. The chief factors, with the govemorin-chicf, constitute the
members of a council, which meets aimually in June, to review the
whole events of the past year, and to make arrangements for the
year next ensuing. If the factors from tho more distant stations
csnnot conveniently come to make up a fuorum of seven or eight, a
few of the chief traders are admittc<l to complete the number. The
govemor-in-chief and the cotmcil of factors bou- some such relation to
the Hudson's Bay Board in Loudon, as the govemor-gcnenU and
supreme council of India bore to the board of directoni in the old
East India Com{iany ; there are certain general rules and orders sent
out from home, but a wide discretion u left in the application of
them.

So much for the relations Iwtween the company and their white
servants ; those witli the natives bring us at once to the present mode
of managing tho fur-tnule. Besides the persona already mentioned,
tho company employ five hundred xoyarienn, to manage the canoes on

the riven and portwes; sad an indefinite number of persons as servants,
labourers, hunters, Odiers, andistsnts generally, just as their services

are wanted. Nearly all these penons are Canadians or Europeans

;

or they are half-breeds, desoendanta of white men and native women.
The Indians, the natives proper, are not aervante of the company

;

tlicy kill the aniniaU, and bring tlic skins and furs in tlie trading
posts; hut each one \* an in<le|>enilent trader, bartering and ku^Kaining
for himself. The iudc|ienilonoe is, however, a peculiar one. During
the summer montlis the Indians work for the company at any odd
jobs, if willing, and if their servicee are needed : but when winter is

coming on, they set off to the hunting-grounds. Being i>our and im-
provident, they have nothing to set out with ; the company give tltem
blankets, guns, and ammunition, which are to be paid for in the fol-

lowing spring, each article being valued at so many beaver-sldna.

During the winter they obtain what furs they can. The com|>any do
not inform them what kinds are most highly valued, or bring most
money, in England. Dr. liaf!, the enterprising Arctic explorer, and
one of the most energetic of the company's servants, said in evidenoe
before the committee :

—" The company a tariff with the Indiana ia

formed in a (leculiar way, and necessarily so. The sums given for furs
do not coincide with tAe rafue of the furs traded for ; because the
musk-rat, or the less valuable furs, are ]xiid for at a higher [propor-

tionate !] rate. Were the company to [lay for the fine furs at the same
rate, the Indians would hmit up the finer furs, and destroy them off,

as has been done all along the frontier of America ; and we should
require to reduce the price for the musk-rat and the inferior furs, and
the Indians would not hunt them at alL The Indians would never
understand our varying the prices of the furs according to the prices

here (in England)." The meaning of this is, that the company, by
giving a comparatively high price for common furs, realise only a small
profit thereon ; but they get an enormous profit on the best furs, such
as the beaver and the sUver fox ; and it may be doubted whether their

motive is altogether so disinterested as is stated, in concealing the
European estimate of furs from the knowledge of the Indians. These
Indians would gkdly obtain ardent spirits in barter for furs ; but the
company have wisely forbidden this, except in a few frontier districts,

where the company have to compete with the Americans, who enter-

tain no such scruples. The comi>aiiy send out yearly about 60,000f.

wortli of blankets, cloth, guns, ammunition, knives, and miscellaneous
articles; of which about one-third is for the use of the company's
servants, and two-thirds for barter with the Indians for furs. Money
ia never paid for the furs, except near the frontiers, where competition
exists. The Indians mostly live upon fish and buffalo ; all their other
necessaries (and luxuries) they obtain from the comfiany by bartering

furs. Beads, needles, thread, and numerous small articles, are kept at

the trading postv, not for barter, but as presents to retain the good
will of the natives. The company are nurtiny the northern half of their

territories : that is, encouraging the hmiters to bring in the cheaper
and more plentiful furs, instead of exhausting the stock of those which
are scarcer and more valuable ; as a consequence, the whole stock and
the whole trade have been gradually becoming more valiuible between
1840 and 1860. An average beaver-skin is the standard of currency
between the company and the hunters ; European articles are worth
BO many "beavers" each. A sort of tariff w.i8 agreed upon many
years aga> and is only in a slight degree altered, once now and then.

The company are virtually the makers of this tariff, for they sedulously
keep the Indians in ignorance of the rehitive values of furs in Europe,
Ten musk'rats equ^ one beaver ; so many beavers equal one silver-

fox ; &C. But when we come to compare English goods with Indian

furs, the nature of the company's profit peeps out. A blanket equals
" four beavers

;
" a gun (bought at Birmingham for 22>.) is equal to

" twenty beavers
;

" a slop-made coat is equal to " five or six beavers."

A gun, in consideration of the relative high price given for inferior

skins, may sell for only il. or N. in musk-rats ; but estimated in silver-

foxes, it sometimes brings 60/. worth—a startling profit on a cheap
Birmingham gun. Beaver fur has varie<l in price, during the last few
years, from 88. to 80«. jier lb. in tho l.on<lon market : an avenge skin

yielding about 1 lb. of fur ; so that the company's profits vary greatly,

seeing that the Indian tariff does not vary with the London prices.

Moreover, it is asserted by the company, as a drawback on their

apparently excessive profits, that a period var}-ing from three to seven
yean elapses before capital can be rotumed : that is, between the time
at which goods are bought in Eng^d, and the time at which the fun
are sold m England which have been procure<l by bartering those
goods—so extremely slow and tedious are all tho operations in the
wid»spreading and thinly-inhabited territories of the company. It ia

undisputed, however, that the com))any's (irofits from the fur-trade are

quite out of the line of ordinary commercial transactions ; and if the

statements of many writers on the subject are to be received as correct,

the profits are quite enormous. Lieutenant Chappel, some yean ago,

estimated the profits at 2000 per cent. The Rev. C. O. Nicholay, in

his ' Oregon "Territory,' says, " A fourpenny comb will barter for a
bear's skin worth il." Dr. Kingj in his ' Arctic Narrative,' says, " A
coarse knife, worth, all expenses included, no more than sixpence, is

bartered for three marten skins, worth in London five guineas ; and
for the r.kin of the black sea otter, worth fifty guineas, the natives

obtain in exchange only goods to the value of two shillings."

It is beUeved by oomi>otcnt authorities, that even if the fur-trade
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were tlirown open, a long time wovild elapse before the trading of the

company would cease to hold its prominence ; because of the wide rami-

fications of their system, and because also of the ties of various kinds

which bind the native hunters to them. There are not many furs

procured from Vancouver.
Concerning the qiuintity of furs and skins brought to England, the

oiBcial returns are not quite clear, seeing that sheep and goat skins

are combined in the same entries as those which we are more in

the habit of denominating furs. The Hudson's Bay Company, during

the last five years, have imported about 700,000 skins annually.

Only a small number are sold for consumption in England ; the

greater part is bought up by foreign merchants, who come to

London for that purpose ; or rather, they are purchased and partially

prepared in England, and then sold to foreigners, especially the mer-

chants of Leipsic. Our total imports from all quarters nearly reach

4,000,000 skins annually, of which 400,000 are racoon and 600,000

seal ; the greater portion of the remainder comprises weasel, marten,

beaver, neutria, musk-rat, rabbit, and squirrel skins. It is roimdly

estimated that the retail value of all the furs put to use annually in

all parts of the world cannot be much less than 7,000,000/., of which
one-third is producetl by Russia.

Taking one particular year, 1856, we may usefully, in addition to the

number of furs imported, quote the average prices assigned by the

importers in computing the real values.

No. Average I^ce.

Bear . . . 11,870 i:2 4
Beaver 82,830 9 6
Coney . . 142,285 4

Ermine . 98,523 1 1

Fitch . . . 158,955 2 8
Fox 81,487 11 10
Lynx . . . 15,(388 13
Marten . . 206,777 12
Minx . . . 112,466 7 9

Musquash . 1,190,430 1 2
Neutria . . 175,821 12
Otter 19,930 2
Racoon . . 490,128 4

Sable 844 2 10
Seal . . . 681,234 (about) 5
Squirrel . . 2,188,737 4

FUSCOBALTIA. [Cobalt, ammoniacal compound) nf coball.]

FUSE is a tube filled with a peculiar combustible composition.
Fuses are principally used in firing shells. They are made in such a
manner, that either by cutting or boring, or adjusting as in the fuse
used in Sir W. Armstrong's gun, the length of the composition may
be proportioned to the intended range of the shell, so as to burst the
shell when it strikes the object, or before if required. The common
wooden fuse is made of well-seasoned beech-wood in the form of a
slightly tapering cylinder, with an enlargement at the larger end. The
cylinder is pierced by a bore of ^ inch in diameter, which terminates
in a hemispherical cup in the enlargement. The bore is driven with
fuse composition consisting [of nitre, 3 lbs. 4 oz. ; sulphur, 1 lb.

;

mealed powder, 1 lb. 12 oz. ; which is hammered in hard by the hand,
and then bums .it the rate of '2 inches per second. The cup is primed
with quick match, in order to be easily ignited by the explosion of
the shell. The exterior of the wooden cylinder is marked with rings J
inch apart, so that by sawing off a piece or by boring out the com-
position from the lower end it can be made of any length required ; the
fuse is then fixed in the shell by gently hammering it in. For sea
service metal fuses are employed. They are made of gun-metal of
the same shape as the wooden ones, but are screwed into the shell,

which is fitted with a gun-metal collar to receive them. They cannot
be cut or bored to any particular length, as it is not considered safe to
do so on board ship, but are made of three lengths, 4, 3, and 1 4 inches,
which bum 20, 74, and 2 seconds. The priming is protected by a
metal cap which is unscrewed when recjuired.
The old wooden fuse has been nearly superseded by one invented by

Captain Boxer, R. A. a few years ago. The extemal form is much the
same, but the bore is slightly eccentric, and parallel to it ; two much
smaller bores or channels are made ui the thicker side of the wood.
These small bores contain quick match, and fine grain powder, which
communicate with the fuse composition at the bottom. Small holes
•2,inches apart are made from the exterior to the bore containing the

quick match and fine grain powder, and are filled up again with putty.

By boring through the putty and the wood between the channel con-

taining the fine grain powder and the fuse composition, these two are put
in communication as it were, and when the composition has burned down
to that point in the fuse, the flame drives through the hole, lights the
powder and the charge of the shell at once. The small holes are bored
at "2 of an inch apart, those in one row being opposite the blanks of

the next, so that the fuse can be adjusted to tenths of an inch, with
much greater ease and precision than with the old fuse. Boxer's fuse

also has the advantage of being solid at the end, the bore with com-
position not running the whole length, hence there is no chance of the
composition being driven through by the concussion of the discharge.

Sir W. Armstrong, by a very beautiful arrangement, which it would
take too long to describe here, has made his fuse so that without
removing it from the shell, by turning a dial-marked plate at the top
which carries the composition in a circular ring, any jX)rtion of this

ring is brought opposite a channel of fine grained powder, which com-
mimicates with and fires the charge of the shell.

FUSEE. [Horology.]
FUSEL OIL. The oils which contaminate potato and grain spirit

are classed by the Germans under the common name fuseloel, and the
same terra translated is applied by English chemists to these oils.

Potato spirit is accomjjanied by the hydrated oxide of amyl, or oil of

potato spirit [Amyl], whilst grain spirit is accompanied by an oily

matter consisting of margaric, capric, and oonanthio acids, which pro-

bably, with the spirit, form their corresponding ethers. Dr. Gregory
suggests that this is probably the composition of the oil of grain, the
Oleum siticum of Professor Mulder.
FUSIBLE METAL. An alloy of 5 parts of bismuth, 2 of tin, and

3 of leatl, melting about the temperature of boiling water. It is used
for stereotype plates, and for the blocks of calico printers. [Bismuth].
FUSION. The difiereut temperatures at which cei-tain solids are

rendered fluid have been already mentioned. [Fheezinq Points.] In
addition it may be merely remarked that fusion is sometimes used with
the prefix of watery, and at other times iyneous. Watery fusion is that
which occurs when a salt, such as sulphate of soda for example, con-
taining much water of crystallisation, fuses or melts in its water by
exposure to a moderate heat ; it may afterwards undergo igneous fusion
by exposure to a much higher temperature.
FUSTIAN is a kind of cotton fabric similar in the mode of manu-

fewture to velvet, having in addition to the warp and weft common to
all woven goods, a pile consisting of other threads doubled under the
weft, and thrown at intervals so close together that when the goods are
finished the interlacing of the warp and weft are concealed by them.
[Velvet.] While in the loom the pile forms a series of loops, which
are afterwards cut and sheared. The cutting is performed by rvmning
a knife through each series of loops as they occur in the weft ; this
gives an uneven and hairy appearance to the cloth, which is after-
wards remedied first by the shearing process, and aftenvards by
singeing and brushing— which latter operations are repeated until the
fustian has acquired a smooth and polished appearance. The shearing
of fustians is a separate art, employing many thousand persons in
Lancashire. Until lately the operation of fustian-cutting was con-
ducted by hand ; but the aid of machinery has now been obtained

;

and instead of the tedious operation of cutting open only one set of
loops at once, a series of knives are brought to act together and con-
tinuously, until the whole piece is finished. By this means the work
is not only done more quickly, but is also better performed than when
its excellence depended upon the uniform precision of the human
hand.

Various kinds of fustians are made, and are known by different
names, according to their form and fineness. The i best kinds are
known as cotton velvet and velveteen ; besides these there are beaver-
teens, moleskin, corduroy, and cords. DiflTerent jKitterns are produced
by difi'crent dispositions of the pile threads. Fustians are woven both
in the hand-loom and with the power-loom ; they are made of different
widths, some pieces being 18 and others 27 inches wide : a piece of
velveteen of medium quality, 90 yards long and 18 inches wide, weighs
about 24 or 25 lbs. The yam for the warp is made of New Orleans
cotton, or of Upland Georgia and Brazil cotton mixed, of the fineness
of 32 hanks to the pound ; the weft and pile are usually spun from
Upland mixed with East India cotton, and the yam is commonly of
the fineness of 24 hanks to the po'.md. For further illustrations, see
Cotton Manufacture ; Velvet ; Weaving.
FUSTIN. The nonazotised yellow colouring matter of fustic. Its

composition is not known.
FUTURE. [Cosjuqation; Time.]
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G. ThU letter u deriTed from th« Latin klpbftbet, in which it first

•ppaan. In tb« Oredc alphabet its plaoa ia supplied by ttta.

U, a* aaana probable, the aoond of thia Greek letter waa the aame aa

the ooaaonaDtal bouikI at the beginning of the word judge (aee Z), it

may perhana be inferred that the hisiting sound now given to the letter

ff eiklsd already iu ooim.' iliolcct uf uucient Italy. The suiind at any

lata is fcmili^ to the modem Italian. The sound of the letter g in

tlia P.ngliA lanpisgn ia two-fold. Before a, o, and «, and oocaaioiully

before • and e, it ia the medial letter of the guttural order. The other

aound, which it posseaaea only before i and e, is one of the medials of

the sibilant series, and ia also represented by the letter j as pronounced
by the English. [Alphabet, coL 234.] The sibilant goumi is written

in Italian by two letters, gi, aa Qiacomo, Jacob, or by gg, as o;tgi,

toKlay. The two-fold nature of the sound correspouds to the double

sound of the letter c, which is sometimes a I; sometimes an <. [See C.j
The guttural g is liable to many changes in diU'erent dialects or

languagaa.

1. g and k are oonrertible. Thus the Oreek and Latin forma genu,
yn; gea, ytr, as seen in gen-us, yir-os, gi-g{e)n-o, yi-y{t)y-oiuu ; gnoic,

aa seen in gnoic-c, yi-yntaxtt—severally correspond to the German and
English hiU, knee : kind, kin.

2. g and an aspirated guttural : as, Greek, xv ',
German, pans /

English, giXJie and gander. Perhaps X""" niay be related to the

Qerman gafin and Kngli«h gape. There can be no doubt as to the

ooimection between the Greek x'"> ^he Latin lia-temut, and the

German get4tm. The close connection of the two sounds may also be
seen in the pronunciation of the final g in high Oermau like ch, as

Ltuheig, &c
8. g and h. As the letter h, when pronounced at all, is only a weak

aspirate, this interchange strictly belongs to the lost head. As an
adilitiuual example, we may refer to the Latin word gallui, which lias

all the api>eatance of being a diminutive, like beUiu, uUiu, cuettut, from
beutu, uitue, atiuue. If this be admitted, the primitive was probably

gmu* ; and we see its corresponding form in the German hahn, a cock.

^. g often disappears : First, at the beginning of a word, as in the

Latin anter, a goose, compared with the forms given above, and in the
li-.ngli«h enmtgh compared with the German genug. A large number of

wampltw of this may be seen in the poetical participles of the English

language, commencing with a ;/, as j/dri'l, yclad, tus. ; also in ago for

ag(i»e ; in all of which the fuller form began with ge, as is still seen in

German. The loss uf </ is ]>articularly common before I and n, as

Eng, like, Oerm. gleich ; Lat. no«ro, natcor, nilor, from ynoeeo, gtuucor,

gmUtr. Secondly, in the middle of words between vowels. This may
be seen in French words derived from the Latin, as : Ugere, lire, read

;

magieler, maittre, master; Ligerit, Loire, &c. ; also in English words
ooonected with German, as nagd, nail ; tegel, tail ; rtgen, ruin, Ac.

In such cases the vowel is generally lengthened. Lastly, at the end of

woids, as, tagot, toj/ : mag, «u>y ; tag, dag ; here agahi the syllable is

strengthened.

6. g and jr are convertible ; as, gteler-day, com|iared with the Germ.
golem; gaum with gdkn-en ; yellow with i/db. Iu our own language

we find related words showing this lUiference : yard and garden ; gate,

• dialectif. variety of gale ; yare for gave (Perry's ' Reliques,' i. p. 294,

note) ; and yutfe, a jierfcct of to 'jo (Glossary of same).

t. g\M convertible with gu and ir. In uie Latiu language there co-

exist'the forms (<ayiu>, tingo; ungiio, ungo; urgutii, urgfn,lLC. In the

IVench language gtt is presented to the eye, but y to the ear, in the

following : gntrre, gut/ie, guarder, Ac ; while in English wc have inir,

mwp, iMinf, or guard. I'lider thb head it may be c^nerved, first, that

» final w in Uie Kiiglivh Ijmguage often coneaponds to a guttural iu

other Teutonic dialects, as soiv, rair, crow,row, maw,Ac ; secondly, that

we often have two letters, oir, where the German has a guttural g, as

felioK, torroir, marroir,/itrrmr, gatlinre, viarrow, borroie, bem-ow.

7. g and b interebangeoble. This ia generally confined to those coses

at the beginning of words, when an r or f follows, as in the MoWo
forms, y\t<(iapor, 7At)x<»', TaAavai.in place of jSAt^opor, /BAi7X»>', doAarat,

Ueoce the Latiu giant. Ho the Turks have given to Prussia the
name of IJharaudaberk, that is, Brandenburg. This change of a gut-

tural to a labial is more intelligible, where a syllable originally com-
mencing with such letters as gu or yuit lias subsequently apjiendcd to it

a syllable which contains a weak vowel, c or t. By such addition there in

produced the vowel assimilation which the Germans cill umlnul, but at

the aame time a small remiuint of the original vowcl-Boun<l Ik rclaiuetl

in the form w. Thus gouz-oul in Breton is an infinitive signifying to

know, coniultre. The suffix of the first person of the future is in*,

the effect of which ia to moflify the base gtiuz, so as to pnxluce the
form, gicii-Inn, je coiuialtrai, and in a compound, ana-tifinn, ju rocon-

naltrai. Here the g wholly disappears, and wc have in its place a lip-

letter r. ttuch a change is of repeated occurrence in Breton : and it is

on this account that our eiampw haa been taken from this outlying

language. We have, however, aa eiam^ of » iindkr hA""'^ fat

E^liah, where good, Germ, gui, on reoeivug the compantival loflx <r
noons through loine such form aa gwtUtr, and beoumes erentually
hetUr.

8. a and d : as hi-niirnp for yn-iiftrvf- Examples of this interchange
may be heard from the mnuth uf noariy every chil<l in its first attempta
to speak, aa J)u JPlol for Oay h'aickee, dooi boy, dn away, kc. This
change, as in the Ust case, is common before I ; hence the' Latin (fajcu
by the side of the Greek yKvKvs.

9. The guttural g and the sibiUnt g. It was stated in C that the
hard sound uf that letter in the Western languages u{ Europe often
corresponded to a hissing sound in the Eastern. Uo too the hard g
belongs to Europe, the ) sound to Asia. Thus rtg, a king, is in the
East rajah.

10. The sibilant a and di or it before a voweL For examples, sea
Danda
GABION. A hollow cylindrical basket open at both ends. They

were formerly made of diU'erent dimensions, according to the service

for which they were to be employed ; they are now, however, all made
of one size iu the British service, namely, 2 feet in diameter (exterior),

and 2 feut 9 inches high in the wicker-work. They are con8tructe<l

in the following manner :—A circle of 22 inches in diameter is traced
on the ground, each quarter of this circle is divided into 4 or 5
parts, according to the suppleness or stififaess of the mthei to be used
in u-ailing this basket work ; at each of these points upright pickets
3 feet 6 inches in length are driven. The wicker-work which then
follows may be either performed with two rodj«, called pairing, or
with three or more, called wailing ; all that is retiuisite is tliat each
rod should be successively twisted over and outside those before it,

passing as many pickets or stakes as there are rods to be waled,
before being brought inside. Fresh rods are introduced as fast as each
rod used in wailing comes to an end, and they should not be all of one
length to terminate together; each layer ia hammered down tight

on the one preceding. When the wicker-work has risen to the
height of 2 feet 9 inches, the whole in stitched together with rope
yarn or twisted withes, the gabion pulled up and the pickets cut off

and pointed nt a length of 8 inches on each side beyond the wicker-
wofk. Gabions are used in the revetment of field works. Saps, Paha-
PETS, Batteries, &c. ; they are then placed on end, the earth from
the excavation thrown into them, when they act as a retaining wall to

the earth which is thrown over and in front of them. When the
height of the jiarapct requires it, two rows of gabions are placed one
over the other, genemlly with a line of Jascines between, the whole
being terminated with three rows of fascines placed pyramidally, that
is, two as a base and one at top, the revetment having a slope of

3 uiches in 2 feet to the front. The weight of a gabion varies much
according to the density of the wood from 20 to 40 lbs., and upwartis

;

in fact, like many other points iu militar}' art, this requires great fore-

thought. In the West Indies, after gabions had been uutdo of tie
usual size for the attack of a post, they were found so h&xvy that it was
impossible to carry them.

There is anotlicr description of gabion termed tap roller, used in

sapping. The sip roller consists of two gabions each 6 feet long, the
larger one 4 feet in di.imeter, the smaller 2 feet 8 inches, both strongly

made, fastened together, the smaller inside the hunger, and the iutcrvol

filled with faggots or pickets of strong wood, so as to be musket proof.

This ia used in pushing un in front of a sap aa a mantlet [Sap.]

During the siege of Sebostupol it was foimd difficult to procure
brushwood to make gabions, and llajur Klpliiustoue, R.K., prupu.'^ed

using the iron hay-bands (hoop-iron) cinployod in packing the com-
pressed hay instead of the withes ; these were trie<l and found of

great service, not so liable to be de^itroyed by the explosion of guns
when tiaed in the revetment of embrasures, tc Since then this

idea haa been further developed by Captain Tyler, RE., whose g.tbion

has been adopted to a certain extent in the service. This gabion
consists of a plate of thin galvanised iron, which, when required to

serve aa a gabion, is formed into a cylinder by being sewn together by
eyes provided for the purpose at its edges, but which, from lying flat,

is eadly carried. It is doubtful, however, whether a square gabion of

sheet-iron would not answer all parpodes bettor.

GABLE, the triongiJar u)>per prirt of the end wall of a building.

corr«s|Muding to the sloping sides of the roof which tcrininatos iu it.

The acutenoas of the angle depends therefore on the pitch of the roof,

and difTers considerably in different examples. Formerly the entire

end of the building of which the gable is a part was not uncommonly
termc<l the gable, but it is now more commonly colled the gnblo-

cnd. The term gable is not used in classical architecture, the place

of the gable being occupied by the pediment. In Elizabethan

domestio architectuie, the open ornamental terminations of |>rojocting

winga, &o. are called gables, though they have no comicction with



233 GADUIN. GAGE. 251

the roof ; false gables are not uuoommon in Italian ecclesiastical archi-

tecture.

In eoclesiaBtical architecture of the Romanesque and pointed Gothic

periods the gables are very important features. In our own country,

church gables of the Norman and Early English periods are usually

finished with a fiat or moulded coping at the sides ; and frequently

terminated with a cross or finial at the apex. Sometimes in rich

Early English and Decorated examples crockets are carried up the

coping. Gables of Decorated and Perpendicular date, sometimes have

a parapet, either plain, pierced, panelled, or battlemented. In old

English secular architecture also, the g.ible was made a highly decora-

tive feature either constructively or by the addition of ornamental

barge-boards. [Bakge-boabd.] Nimierous examples of all the kinds of

gables ihere referred to will be found in Messrs. Brandon's ' Parish

Churches,' and Paley's ' Ornamental Gables.' For examples of some of

the many varieties of Elizabethan gables see Elizabethan Akchi-
TECTURE. In some English houses of the time of Elizabeth and James I.,

and commonly in f>ld Scottish and continental buildings (especially

those of Flanders, Holland, and Germany) the sides of gables are formed
like a series of steps : these are known as itepped-r/abUt, in Scotland

they are termed corbietteps. The small giible-Uke ornaments over

niches, on buttresses, &c., in Gothic architecture are called GabUtt : see

examples under Buttress, col. 472.

GAJDUIN. A brown matter said to bo contained in cod-liver oil.

Its composition is unknown, and its existence aa a distinct compotmd
Tery doubtful.

GAEL, GAELIC. Although the language spoken by the Scottish

Highlanders is familiarly known among the Lowlanders by the name
of the Er»e, or, according to the more usual pronunciation, the £rsh,—
that is, plainly, the Eirish or Irish,—the people themselves are never
called by that name. Among the Highlanders the name Erse is

unknown, either s>3 that of the nation or of the Language. They call

themselves only the Oadlid, also sometimes written and always pro-

nounced Gael ; and their language the Gaedlieilg, pronounced Gacily,

or, nearly, Gaelic. The name Gaelic is also m familiar use among the

Lowlanders as that of the languag8. Further, the only name by which
the Irish are known to the Scottish Highlanders is Gael ; the latter

call themselves Gatl Albinnicli, or the Gael of Albin, and the Irish

Gael Erinnich, or the Gael of Erin. The Irish also call themselves the

Oadkel, or Gad ; and their language the Gaelic. Finally, the 'Welsh

call the Irish Gmyddel, which is evidently the same word with Oadhel,

or Gael.

This is nearly all that can be stated as matter of {act in regard to

the name Gael. The rest is all speculation and conjecture ; of that,

however, few words liave given rise to so much. We sliall not here
attempt to do more than U> indicate and arrange the various points as

to which many volumes of philological and historical controversy have
been written.

It has been generally assumed and admitted that the modern Gael
are a portion of the Galli, or Gauls, of antiquity, the people who gave
its former name to the country now called France, and who were prin-

cipally, though by no means exclusively, known to the Greeks and
Romans as the inhabitants of that region. This opinion has been
adopted upon the grounds of the similarity of the two names,—some
historical and tnulitional testimony to the fact that South Britain was
originally peoplefl from Gaul,—some traces, rather faint and disputaWe,
of identity of institutions and customs,—and, what would be the
strongest argument, if it were well made out, the evidences of identity

of language conceived to be establuihed by the comparison of the names
of places in France, and a few other remains of the old language spoken
there, with the modem Gaelic of Scotland and Ireland. The Rev.
Archdeacon Williams, in an essay printed in the ' Transactions of the
Royal Society of Edinburgh,' vol. xiii., has been the strongest supporter
of this theory, and maintains that the Galli Veteres, or Umbrians, of

the Romans, the inhabituits of Gallia Cisalpina, were of the Cumic or
Cymric races ; that their language " formed some portion of the non-
Hellenic elements of the Latin tongue ; that the race was cognate
with the Cymri of Wales, and that they were Celts, and not Germans."

Supposing the Gael to be the GaiU of the Roman writers, and the
Galatai (rdAarai), or Ktltai (KfA.Toi), of the Greeks, sometimes spoken
of by the ancients as a general name for the Gauls, sometimes as the
name of only a certain portion of the Gauls, the question arises, whence
did the Gaels of Ireland, ScotUnd, and Wales derive their origin ? A
tradition exists thsit Ireland was colonised from Spain, where Celtic
tribes certainly existed, and that the Highlands of Scotland were
peopled from Ireland. This is not improbable; and Wales might
have received the stock from the coast of France. This would account
for the variations of the dialects. Diefenbach (' Sprachliche Docu-
mente zur Geschichte der Kelten ') conjectures Galloway and Northum-
berland to have received the Celtic element from Ireland, and concludes
that the Picts were the sea-rovers of Scandinavia. See also Zeuss's
' Grammatica Celtica e monument vetustistam Hibemicae ling, quam
Britannicae Dialccti Cambricie, Comica;, Armoricie, nee non c Gallicae
priscae n^iquiis constniiit,' Leipsic, 1863, as well as J. von Gorres,
' Die drei Grand-Wurzeln <les Celtlschen Stammes in Gallien und ihre
ICinwanderung." Munich, 1846-6.
There has been a world of controverBT, also, about the origin and

meaning of both Gael and Celt (anciently, it is to be remembered,

pronounced Kelt) • the confusion here again being increased by the
difference of opinion as to whether these are dififerent words or only
different forms of the same word. The Greek Galatai and Kdtai, the
Latin Galli, the Gael of the Scotch and Irish, and the Galles of the
French for Wales, seem all but variations of the same word. It is

hardly neces-saiy to enter into the meanings which the words Gael and
Celt bear in the ancient Gaelic language, though they have caused much
discussion.

It would occupy much more space tlian we can afford to enumerate
even the more important works in which these various controverted
points have been discussed in our own and other languages. We shall

only mention ' The Highlanders of Scotland, their Origin, History, and
Antiquities,' by W. F. Skene, 2 vols., 8vo, London, 1837, being an
essay to which a prize had been awarded by the Highland Society of

London. Mr. Skene's views and reasonings are of considerable inge-

nuity ; but whatever may be thought of the part of it which relates to

the origin of the Gael, the work is an imporfcmt contribution to early

Scottish history. The essay by the Rev. Archdeacon Williams, ' On
One Source of the Non-Hellenic Portion of the Latin Language,'
printed in vol. xiii. of the ' Transactions of the Royal Society of

Edinburgh,' read in March, 183tJ, has much ingenious argument and
learning in support of the theory we have already mentioned.
GAGE or GAUGE, any apparatus for measuring the state of a

phenomenon. But the term is usually restricted to some particular
instruments, such aa the gage of the air-pump, which jKiints out the
degree of exhaustion in the receiver ; the steam-gage, for measuring the
pressure of steam ; and the gaa-gage for that of gas ; also the tcind-gage

[Anemometer], the tide-ga/je, &c., all of which are mentioned in con-
nection with their several subjects. There are also various gages tised

in certain trades and manufactures, such as the rod-hoti gage, the nail-

rod gage, the button maker't gage ; others are used in leatcli^work ; there
are aLso the gun-maker's gage, and gages for measuringjwires and sheet
metals. These generally consist of thick plates of steel of several sizes

and forms, around and near the edges of which holes are drilled, with
a notch leading from the edge into each hole. There is no system in
the gages in common use, so that much confusion arises in attempting
to reduce the measure to a common standard. Thus, the Birmingham
gage for iron-wire, sheet-iron, and steel, differs from that useS for
sheet-brass, gold, silver, &c., and both these differ from the L.anca.shire

gage for round steel wire. To render the confusion worse, gages
nominally of the same value are made by different manufacturers
without sufficiently agreeing as to the unity of measure.
To avoid these inconveniences, our be.^t tool makers have long

advocated the adoption of a uniform scale. Mr. Holtzapffel, in the
appendix to the second volume of his ' Mechanical Manipulation,'
proposes to employ only the decimal divisions of the inch, and those
under then- true appellations only. The lUvision of the inch into a
hundred parts would be sufficiently minute; and the measures 1, 2, 5,
10, 50, &c. hundreds would be sufficiently impressive on the mind.
It does not follow that the entire hundred notches should be used ; as
in the greater thicknesses of wire and sheet metal the gradations from
one size to another are not so minute as in those of the thinner kind.
In the measurement of precious metal, where a hundredth of an inch
might be too much, either there might be half-degrees or numbers, or
a finer scale might be adopted below one-tenth of an inch. Holtzapffel
enumerates the following advantages as likely to result from the use of
such a decimal scale for denoting the thickness of wires, sheets, plates,

&c. :—It would introduce a system which would be easily and equally
known to all whom it might concern, and who would all interpret it in
the same sense. It would facilitate the employing of verbal and
written instructions, by lessening the chances of mistake or misinter-
pretation. It would render very easy the proportioning of various
magnitudes so aa to form a series. It would enable quantities to be
written down more easily .and accurately than at present. It would
facilitate the comparison of one size with another; seeing that in
vulgar fractions each has a apecijic relation to the unit, whereas in
decimal fractions all have a general relation in common. It would
bring all foreign measures within more ea-sy reach of our knowledge.
It would allow the exact weight in every superficial foot of sheet
metals and other substances to be readily arrived at, by taking the
specific gravity as the other element in the calculation. Lastly it

would fiuTiish constant multipliers for determining, from the specific

gravities of substances, the exact thicknesses of plates or sheets of the
same which shall precisely weigh one ounce or one pound, troy or
avoirdupois. The gratluation into hundredths being eHectod, the
nomenclatures would follow easily ; let a mre one-tenth of an inch in

diameter, or a plate or sheet one-tenth of an inch thick, be called No.
10, and so on for other dimensions : there will then be swept away a
large amount of confusion which now besets our factories and work-
shops.

Nearly related to this subject is Mr. Whitworth's exquisite con-
trivance for gaging or measuring minute quantities. In the Proceed-
ings of the Institution of Mechanical Engineers, for 18C9, an account
of this remarkable machine is given ; showing it to be the most accurate

measuring api>aratus yet devised. Newton's colures of thin plates,

interpreted by fonnidie of later introduction, show that a millionth of

an inch is an a])preciable quantity in relation to the breadth of waves
f light; but Mr. Wliitworth is the first who has felt justified in
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daaliag with auoh aztremdy miouto quantitic* as being messurable by
iteielly ineeh«alc«l maana. Ha can meaaure the reUtire lengtha A
tiro nan piaoea of ateal, of which one ezoeeda the other by not more
tiMB OM millionl^ of a» tact. Nay, he feeb confident of being able to
taat eren one-half of thia minute quantity. If we touch a piece of

cold metal for an inatant «-ith the nngen, it expaoda by the increaae

of heat and the amount of thia expanaion we can meaaure. If the bar
be a yard long, the touch even by a flnger-nall ia sufficient to produce
ao aUmmtioo whidi hia machine can (k'termino. The mechanism by
whidi tiie aatoniahing reanlt is produced mainly cooaista of exquiiiitely

cut acrewf with graduated nuta or heads. At preaent, this is rather a
aciantific than a manufacturing agent; but Mr. Whitworth has
neoaaded in bringing into use new gagea for wire<liawerB and the
mainifarturera of aheet metal, in which the thousandth of an inch is an
admitted and practicable element. Oagea are now made, having
decimal numbers on one aide from No. 18 to No. 300, measuring from
'018 to *300 of an inch. It will be for the manufacturers to decide
how ntany thousandths of an inch there shall be in any i>articular

aheet or wire ; but this point once determined, Mr. Whitworth's gage
will enable them to measure it. He obaerves, " I consider that for the
shop the use of standard gages ia better than any measuring machine,
on aoootmt of the difficulty of using a sufficiently delicate instrument
in regular shop-work, and the greater li.tbility there would bo to
alteration in the standard both of diameter and length."

OALATIANS, ST. PAUL'S KPISTLE TO THE, one of the
canonical books of the New Testament. Its authenticity has never
been doubted : it was frequently cited by the iq)ostolical and succeed-
ing bthers (Lardner's ' Credibility of the Oosp. History,' vol. ii),

and was admitted by Harcion to a place among the apostolical

writinga. The date of this epistle is much disputed, some critics sup-
posing it to have been written as early as a.d. 48, and others as late

as 58. Two journeys of St Paul to Qsdatia are mentioned in the Acts
;

one in a.d. 50 (Acta xvi. 6) ; and the other in 55 (Acts xviii. 23). It

must have been written shortly after one of these visits, since St. Paul
complains (L 6) " that they were so soon removed from him that called

them into the gospel of Christ unto another gospel." Michaclis,
' Introduction,' vol. iv., contends that it was written soon after the first

visit, which took place probably iibout A.D. 49 or 60. But in ch.ip. iv.

18, St. Paul himnclf says, " Ye know how through infirmity of the
flesh I preacheil the gospel unto you at the Jint (t4 rtpirrfpov)" which
proves that the apostle had visited them twice; and thus we may
conclude that it was written after the second visit, or about A.D. 56 or

67, an opinion coincided in by the greiit majority of critical authorities.

It is stated at the conclusion to have been written from Rome, but
this is probably incorrect, though Michaclis and others support it.

It ajipeara thai shortly after St. Paul had left Galatia,8ome Judaising
teachers had effected a great change in the churches of that country
by t«nhing the Oentile converts that it was necessary for them to

obaenre the ceremonial law, and submit to the rite of circumcision.

They alleged that the other apostles taught this doctrine, and that

St. Paul aloiia diflered from them. They argued that the Qalatians
ought not to rely upon the authority of St. Paul, since he was uot
an apostle. These individuals were so successful that some of the
Qalatians appeared to have submitted to circumcision. To counteract
thaw errors St Paul wrote thia epistle, in which he maintains that the
authority of the other apoatlai could not be quoted as superior to his

own, since he had received hia apostleship from Christ himself, and had
on this very subject " withstood Peter to the face, because he was to be
blamed." (i. iL) After thus vindicating hia apostoUcal dignity, he
aigues in the remaining |«rt of the epistle that the law had only l)een

intended as a preparation for Christianity, as a " schoolmaster to

bring men unto Christ, that they might be justified by faith," and
that thoae who considered the observance of the Jewish law as neces-

sary for salvation deprived themselves of the blessings of the Oospel.
He concludea by exhorting them not to use the liberty which the
Ooapel gave them " for an occasion to the flesh, but by love to servo
one another." On the undesigned coincidences with the ' Acta,' see
Paley'a 'Horn Paulinic.' The number of commentaries on this

E|rfma hare been very numerous, in Latin, German, French, and
WnglUh One by Luther is still highly esteemed.
GALAXY. [MilktWat.]
OALENA. [Lead, Sulphide of.]

OALILEE, in ecclesiastical architecture. In medieval churches a
portion of tha weatem end of the church was frequently ported off

from the rest and ^ipropriated to strangers or those' not numbered
among the buthfuL Thu was U-nnol the Oalilee, in alluslim, as is

nppoaed, to the oriptnnl " Galileo of the Oentiles." Sometimes in
cathedrals it was an entrance porch, aa at Ely and Lincoln ; sometimes,
aa at Durham, a Uige chapel at the weat end of tho nave : see the plan
of Diu-hatn Cathodnil uniler Church. It is said that this Galilee waa
built for the use of fem.Mes, who were prohibited passing beyond the
north (torch in Durham Cathedral In some parish chtirches a portion
of the wastam end of the nave was marked off by a step or line of
division, and called the OalUee.

QALtPEA. (Maleria Medica.) The genuine Angostura or cusporia
bark ia obtained from a apecies of thia genus, but whether from the 0.
auparia, aa stated by Humboldt, or from a distinct species, (J. officinaiu,

aa asserted by Dr. Hancock, is not determined, Angostura bark is

obtained both from the stem and branches; tha specimou from the
atam are flat, from 2 to 3 lin«« thick, while those from tha btandiea
are often quilled, and from 4 to 1 lino thick. The pieces are aome-
timee from 6 to 15 inches, but more frequently only from 2 to 6 indiaa
long, and from ^ to 2 inches broad. Soma specimens have the surface
covered with a thick, fungus-like, whitish-yellow or clay-coloured

crust, which may be more or leas eaaily acrapad off, and beneath which
ia a ^Uowiah-r»d smooth bark, often exhilnting small cracks. Other
specimens have thia covering much thinner and doaely adhering to
the bark. The internal surfsoe is generally smooth, of a tawny or
reddish-yellow colour.

The l»rk is eaaily broken, and the leoent fracture is of a brownish-
red colour, smooth, with a resiny shining surface. The shining
appearance ia best seen when a tnuuvene section is made with a sharp
kiiife. The smell ia disagreeable : the taate pleasantly bitter, wann,
aromatic, and causing a flow of saliva. The powder haa the colour of
rhubarb. The infusion ia of an orange-yellow colour ; tho decoction a
clear light brown.

Brandes thought that he had discovered an alluloid, which he
proposed to call Angosturin, but it has not been detected by subae-

quent chemists. This bark contains neither gallic acid nor t.«niim

According to the analysis of Fischer it consists of

—

Volatile oil (of an acrid nature) . . .0*3
Bitter hard resin 1°7

Balsamic soft resin I'S

Elastic resin 0-2

Bitter matter (Angosturin bitter) .37
Gum 67
Woody fibre 891

102-6

So minute an accotmt of this substance would not be necessary,
were not the true Angostura bark liable to be confounded with the
false, which possesses such poisonous properties that very fatal con-
sequences have resulted from the substitution of the one for the other.
It has been ascertained beyond any doubt, that the false Angostura
bark which comes from the East Indies, is the bark of the Strychnos
nux vomica. But even in Calcutta this fabe bark is confounded with
rohuna, the harmless bark of So;/mida febr^fuga. [Sovmida.]

False Angostura bark waa first observed in 1804 by Dr. Kambuch,
of Hamburg, by iwisouous effects following the use of a decoction of
the bark ; and similar consequences having been observed at Vienna,
the Austrian government ordered all the Angostura bark in the
empire, genuine aa well as false, to be burnt, and interdicted its future
importation. The Russian and Wilrtemburg authorities made kuown
the danger, and published the marks of distinction, which are
sufficiently characterised, and to prevent accidents, may be here
enumerated.

Spurious.

Pieces of greater breadth than
length ; thickness never less than a
line, often two linos.

Epidermis generally clear (but
sometimes undergoing a peculiar
transformation),and seldom having
any, or not more than two lichens

(Ojxgrapha PtiUtieri, and PgrmtUa
niiida). A apeoiea of chiodecton
has been supposed to be found on
it, but this appearance arises from
an alteration of the epidermis.
Tho crust has tho general pro-

perties of the bark, and aanunea a
deep green by the action of nitric

acid. It contains a resinous colour-

ing principle, Strychnochromiu.
Crust not easily removed.

Inner sur&ce brown, or even
black, not separable into layers.

Texture compact, heavy, not
easily broken, fracture even, but
not shining or resinous, exhibiting

two layers. Very difficult to cut
Soaroely softens in water.

No smell.

Taste in the liighest degree dis-

gustingly bitter ; very durable, and
uot at aU aromatic or astringent.

Spurious Angostura l>ark, in the doae of eight grains, killc<I a dog in

two hours ; ten grains killed a young dog in a few minutos. A very

small glassful of an infusion endangered the life of an .-ulult, while a

dose of the decoction deatroyed a child with acute suffering. Ether

and laudanum seem to act as antidotes. Oil of tui-pontine may be

GEJvUI.NK.

Pieces 2 to 4 inches long; from

} to 2 inches broad; from ^ to }
of a line thick.

Epidermis having on it a number
of different Uchens (often as many
as 40 species), and a yellow mem-
branous crust.

The incrustation spongy and in-

sipid, and not changing colour by
the action of nitric acid.

Cnut easily removed by the

nail.

Inner sur&ce yellow, and sepa-

parable into layers.

Texture uot close, weight light,

easily broken, fracture even, shin-

ing, and resinous. Cuts trans-

versely without difficulty.

Placed in water it soon imbibes

it, and becomes soft

Smell strong and disagreeable.

Taate an aromatic and enduring
bitter, but not at all disgustingly

bitter.
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used, but vinegar must be avoided. The dread of similar casualties

from the employment of the spurious instead of the genuine Angos-

tura bark, has prevented the use of the latter to that extent which
it merits. In the treatment of the bilious diarrhoea, frequent in

damp autumns in this country, after proper evacuants, it is of the

most decided utility. lu common English cholera likewise, and

slighter cases of Asiatic cholera, it is the most beneficial agent which
can be resorted to. It is best given in the form of infusion, and may
either be administered alone, or with the addition of dilute nitric acid

and tincture of opium, which last may be discontinued after a few
doses. (Abercrombie, ' On Diseases of the Stomach,' &c.)

Re-ageuts produce the following effects on a cold infusioa of each :

—

Colour of Infusion of Genuine, Orange YeUom. Colour of Jtifusion of Spurious, Light Yellow.

Cold Infusion,
Tincture of

Calls.

Bi-chloride of

Mercury.
Sulphuric

Acid.

Frotosulpbatc

of Iron.

Percliloride of

Iron,

Carbonate of

Potass.

Genuine
Angostura.

YeUowish
precipitate.

Copious
precipitate.

Very turbid.
Whitish-gray

precipitate.

Yellowish

brown
precipitate.

Dark red
colouring, with

slight

Ijrecipitate.

Spurious
Angostura.

White
precipitate.

Renders
turbid only.

No action.
Green colour,

slightly turbid.

Yellowish
green colour.

Greenish

colouring, with
dirty yellow

' precipitate.

GALLSTONE. [Ciiolestebis.]

GALL-STONES. [Calcclus.j
GALLAMIC ACID. [Tannic Acid.]
GALLATES. [Tannic Acid.]

GALLEON (gaUnun in French, galen in Spanish) was the name
given to very large ships, with three or four decks, of which many
were employed in the Spanish Armada in 158S. Subsequently the

name became restricted to the largo vessels which the court of

Spain used to send at fixed periods to the coasts of Mexico and
Peru, to receive on board the gold and silver bullion extracted from
the mines, and bring it to Spain. Commodore Anson intercepted,

and captured after a short engagement, one of these galleons on its

way from Acapulco to Manilla.

GALLERY of Mine is the passage leading from the shaft or entrance

'

of the mine to the place where the powder is deposited. [Ml>'£,

Military.]
GALLERYTHRONIC ACID. [Tannic Acid.]
GALLEY (galire in French, gaUra in Italian and Spanish), a large-

sized vessel propelled by oars and sails, which was much in use in the
Mediterranean until the end of the ISth century. It carried two
masts with lateen sails, was long and narrow, and drew but little

water; it was therefore calculated for coast navigation, and for

making the shore in shallow water ; and by means of its oars it had a
great advantage, in the dead calms so frequent in the Mediterranean,
over sailing vessels, an advantage in which it has been effectually

superseded by the introduction of the steam-boat. Even long before

that invention the use of galleys as a naval force bad been given up by
France, their construction rendering them unfit for long navigation,

and for encountering the waves of the ocean. The Knights of Malta,

Naples, the Pope, and other Italian states, were the last to continue
the use of galleys for the purpose of coping with the Barbary
privateers, whose vessels, although of a similar description, were
generally smaller and unable to resist the large and well-disciplined

galleys of the Christian power*. The largest galleys were IGti feet long

and about 32 wide, with 62 oars. The rowers, who were generally

convicts or Turkisli prisoners, with chains to their feet, sat on benches
on the deck. The ship carried a 24-pounder and two 8-pounders.

(See a description and plate of a large-sized galley in the ' Dictionnaire

de Marine,' article dalire in the ' Encyclopedic Methodique.')
The galleys appear to have been an imitation of the ancient triremes,

and they retained the ancient names for several i>art8 of the rigging,

such as " antenna," &o. The felucca is a kind of small galley.

[Feujcca.] The Venetians had a sort of large galley, with a very
lofty poop, called " Galeazza."
GjVLLIARD (Gagliarda, Ital.), a lively dance in three-crotchet time,

which had its origin in Rome, but has fallen into disuse.

GALLIC ACID. (3HO,C,.H,0,-(-2Aq.) The well-known astringent
property of various parts of plants is due to the presence of tannic or
gaUic acids. Gallic acid occurs in far less abundaiice than tannic acid.

It may be extracted directly, by precipitating tannic acid from an
aqueous infusion of a bark, root, &c., by means of solution of gelatine,
and then evaporating the filtered liquid, which contains the gallic acid,
to dryness. The residue, digested in alcohol, treated with animal
charcoal and the solution allowed to evaporate spontaneously, yields
the gallic acid in a crystalline state.

Gallic acid is, however, usually prepared by a kind of fermentation
from the tannic acid in nut-galls. [Galls, in Nat. Hist. Div.]
Powdered gallf, well moistened vrith water, are exposed in a warm
place to the action of the air for two or three months. Mould rajjidly
forms on the surface of the mass, and must be occasionally removed

;

oxygen is absorbwl and carbonic acid evolved. On subsequently
boihng the whole in a considerable quantity of water, gallic acid is
dissolved out, and is deposited in crystjU on the oooiing of the
liquor.

When obtained quite pure, by reciystallisation from alcohol, and
ABTS .\.NU set DIV. VOL. IV.

the usual treatment with animal charcoal, gallic acid is obtained

in long, silky, nearly colourless needles or prisms of astringent taste,

but no odour. They are soluble in one huntlred times their weight
of cold water, but in three parts of boiling water. Alcohol dissolves

them readily, ether only sparingly. A heat of from 410° to 420°

Fahr. causes the decomposition of gallic acid into pyrogallic acid

which sublimes in brilliant white crystals, and carbonic acid, which
is evolved as gas. The sudden application of too high a temperature
(above 480°) to gallic acid causes the evolution of water as well as

carbonic acid and metagallic acid or gallulmic acid remains. Ebul-
lition with strong solution of potash converts gallic acid into tan-

nomelanic acid. Gently heating with sulphuric acid converts it

into rufigaUic acid, while nitric acid rapidly oxidises gallic acid to

oxalic acid.

QaUalet are formed by the union of gallic acid with bases. In this

way three classes of salts result :

—

Monometallic salts

Bimetallic salts .

Trimetollic salts

MO, 2nO, C14H3O,
2M0, HO, Cj.UaO,
3M0, Ci.HjO,

In the solid state the gallates are tolerably stable, in soltition they
rapidly absorb oxygen if exposed to the air and are decomposed. The
characteristic reaction for the detection of gallic acid is the production

of a deep bluish-black solution on the addition of a mixture of proto-

and per-salts of iron.

GALLIOT, a strong-built flat-bottomed vessel of a peculiar con-

struction, used as a bomb-ship to fire against forts or batteries on the
coast. The largest are of the burden of 400 or 500 tons, .ind above
100 feet in length. See account and plate of the same in the ' Diction-

naire de Marine,' in the ' Encyclopedic Methotlique,' art. " Galiotte."

Galliot is also a kind of small galley or large felucca, used chiefly in

the Mediterranean, especially by the Barbary corsairs. [Gallbv.]
The Dutch, Swedes, and other northern nations have a sort of

merchant-ship which they call Galliot, heavy and clumsily built, but
strong of timber, rounded both fore and aft, and of the burden of

from 200 to 300 tons.

GALLITANNIC ACID. [Tannic Acid.]

GALLON, an old English measure of cai^acity. The Latin of the

middle ages is goto, gahma, jalo, lagena, &c. Dr. Bernard thinks the

latter is the original. Ducange cites an old assize of David of Scotland,

in which it is said the lagena should contain 12 lbs. of water, namely,
4 of sea water, 4 of still water, and 4 of running water. But that

various gallons were used is evident from statutes of Henry III. and
later kings, in which it is enacted that ale, wine, and corn shall be
measured by the same gallon, containing eight troy pounds of dry
wheat from the middle of the ear. These statutes produced no effect,

and distinct gallons for wine, ale, and beer, and corn and dry goods,

continued in use until the Act of 5 Geo. IV., 0. 74, which came into

operation May 1, 1825.

By statutes of 1689 and 1697, the wine gallon was declared to con-

tain 231 cubic inches. But in 1688, by .-in experiment, at which
Flamsteed, HaUey, and others (among whom w.is Ward, author of the

'Yoimg Mathematicians' Guide,' who relates the circumstance) were

present, it was very distinctly proved that the sealed gallon at Guildhall

(which was the usual standard) contained only 224 cubic inches.

" However," says Ward, " for several reasons it was at that time thought

convenient to continue the former supposed content of 231 cubic

inches." The fact was, that the Guildhall gallon was an incorrect

copy of the old Exchequer standard, placed in a more accessible

locality. Previously to this. Dr. Bernard had stated his full con-

viction, from the measurements of predecessors whom he cites, that

the said gallon contained 223-549 cubic inches ; the agreement of these

two experiments leaves no doubt as to their accuracy. By the Act of

the 6th of Queen Anne, the wine gallon of 231 inches was mnde the

standard ; and a gallon was accordingly constructed for the Exchequer,
s
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wliUi 41m oommittee of the Houm of Commoni, in 1758. fuund to

oootain 831j)| cubic inohca. The koeount of the experiment in 1088

wu preaarred, aod ia oitad by the oommittee.
The ala gallon waa maasured in 1700 or thereabouta, and found to

contain 382 cubic inchaa Ward imaginea that thia gallon waa meant
to bear the aame ralation to a pound avoirdupoia which the wine
gallon did to a pound troy ; and 231 ia to 282, very nearly aa 5760 to

7000, the latter Deing the proportiona o{ the two pounda. But if the

wine gallon were coly 224 cubic inchea, then the ale gallon ahould
have been 272| ; or, aa we ahall aee, the com gallon much more nearly

ooinoidea with the hypotheaia.

The com gallon was thought, in the middle of the last century, to

contain exactly 272} cubic incbce. Dr. 13eniard, on the same autho-

ritiee, atatea it to hare been determined at 2G0 cubic inchee; and the
tatute of 1697, which tU-clarcH that a ruuud com-bushel must be
8 inchea deep and ll>4 inches wide, had in fact fixed the gallon at

2681^ cubic inchea.

The imperial gallon, aa settled b^ the Act of Geo. IV., ia to contain
10 Iba. aToirdupois of distilled water, of which it ia declared that
252°458 grains fill a cubic inch l consequently, the imperial gallon oon-
taina 277°274 cubic inchea; being very nearly a mean between the old
ale and (previously to 1687) com gallon. Acoonliug to the parlio'

mentary standards, then, we have

Old wine gallon, 231 cubic inches.

Old com gallon, 268-6 cubic inchea.

New imperial gallon, 277°274 cubic inchea.
Old ale gallon, 282 cubic inches.

OALLULMIC ACID. [Oaujo Acm]
OALVAKIC BATTERY. An apparatus for generating current

electricity. The Bim|Jest combination which can be formed for this

purpose, is that of a plate of ainc and a plate of copper placed,

generally, in vertical positions and parallel to one another in a vessel

containing a diluted acid, the upper edges of the metals being con-
nected by a copper wire. In this state a current of positive electricity

pasaea from the zinc, tlirough the acid, to the copper, and from the
latter, along the wire to the zinc : at the same time a current of

negatiTe electricity pasaea from the zinc, along the wire, to the copper,
and from thence, through the acid, to the zinc. It is evident that the
quantity of flvud furnished by a combination of this kind will be
proportional to the superficies on which the acid can act; and an
apparatus designated a battery, which may be said to consist of two
plates only, one of zinc and the other of copper, was executed many
yean ago for the London Institution. Each plate was 50 feet long and
2 feet wide, and the two were coiled together upon a cylinder of wood,
so aa to leave everywhere an interval between the two metals : in that
interval rope-bands of horse-hair were passed roimd with the coils so
aa to keep the metals asunder. The dilute acid was contained in a
cyHndricu vessel ; and when the battery had to be used, the coils of
metal were lowered by machinny into the vessel.

Une of the earliest forms of apparatus was the piU of Volta, in
which were combined together a considerable number of small plates

of zinc and copper, alternately, with the acid
between them. Under Qalvanisu are expla-
nations of the electrical action that tsUccs

place, and we here merely describe the con-
struction of the pile. A circular plate of zinc,

t, usually about 1^ inch diameter and ^ inch
thick, is hud upon and generally soldered to a
thin plate of copper e, of equal diameter; and
any convenient number of these are placed
above one another, with the copper aide tmder-
most in all : between every two compotmd
plates is a circular piece of paper p, or cloth
moistened with diluted sulphuric acid; and
the whole column or pile is mode to preserve
a vertical position by being formed within
throe pillars of gUsa or baked wood, which are

coaoeotad together by having their extremities inserted in boards,
of which the lower one serve* as a baae for the column. The
paper or cloth should be rather less in diameter than the pUtes of
metal

; and no moisture should be allowed to escape over the edges of
the plates.

In this state the lowest plate of rinc attracts the positive electricity
from the copper below it, and this continually receives a supply from
theearth through the table, or the base of the pile ; the quantity thus

'

aMaetod is conveyed to the copper pUte immediately above, throughW« motetmed cloth, the hrtter serving as a conductor ; again, the rinon tta* aaoond plate attracts eleotricitv from the copper below it, and,
a* tba aame time, receives that which is transmitted to the latter from
the idne in the lowest plate. Thus the quantity of positive electricitym the zinc of the second plate becomes nearly twice as gnsat as that
which IS in the lowest plate ; and the procesa oontiliuing, the quanUty
in the imc uf each plate above may be conceived to bo such a multiple
of that which IS fai the lowest pUte as is expesMd by the number of
the ooupound plate from the bottom of the pOe. There is oonae- i

rin*ntly obtained a current of positive electricity passing upwards from !

tha sioo, through the acid, to the corpcr; and if a copper wire be '

made to pass from the top of tlie uppermost ainc plate to the copper
in the lowest plate, the same current will retum downwards, ao that a
ciroulation of the fluid will continue till the energy of the pile is ex-

hausted. At the aame time tlAre is a current of negative electricity

paaaing down the pile from the copper, through the acid, to the ainc,

and returning upwards along the wire.

If a aeoond pile be formed, the plates in it may be placed in a reverse

order, the copper side above and the zinc side below : if a third pile be
formed, the oraer may be tlie same as in the first pile ; if a fourth, the

same as in the second ; and so on : theii, in uniting them together, a

metal wire passes from the copper at the bottom of the first pile to

the zinc at the bottom of the second ; another n°iro passes from the

copper at the top of the second to the zinc at the top of the third,

and so on.

When a wire connects the opposite ends of one pile, or of a system
of piles, the circuit is said to be eompUtt : it is said to be broim if

there are two separate vrires, one proceeding from the copper at bottom,

and the other &om the zinc at the top. If an animal body were in

connection with the brther extremities of the wires it would complete
the circuit, and experience shocks.

The opposite extremities of the pile, or of the wires which are in

contact with them, are called the jxtlet of the battery. Aa ihe current

of positive electricity seems to issue from the zinc at the top of the

pile, that extremity is called the poativt pole of the battery ; at the

same time the negative electricity seems to issue from the copper at

the Imttom, and therefore the terminating copper plate is called the

n^/ative pole. These designations are reversed when a single pair of

platee separated by an acid is mentioned. In that case, since the posi-

tive electricity passes from the zinc plate, through the acid, to the
copper-plate, and the wire passes through the air from the edge of

tlie copper to that of the nno plate; it is evident that the positive

electricity will flow from the copper, and therefore the copper is the

positive pole of the combination ; the negative electricity flowing at

the same time along the wire, from the zinc, the latter is the negative

pole. The terms poative and negative poles, as appUed to the extremi-

ties of the Imttery, have been objected to on the ground that before

connecting the two terminal wires no electricity is evolved, and when
the connection is formed the electricity moves in a circuit, no portion

of which is apparently more positive or more negative than another
portion. Hence Faradoy propoeed, instead of pole, the word electrode,

which signifies a vray : for the negative pole cathode, aigniMng the

deteending way or dcnim«ardt ; and for the positive pole anode, which
signifies ateending vcay or upKordt. In fomiing these terms he sup-

posed the battery to be placed on the ground with its copper or -f end
to the east, and the wire connecting the ends of the battery to be bent

.

into an are, similar to the course of the sun ; in such caae the electric

current would flow up from the east end of the battery, and descend
into it at the west end. The fluid decomposed by a current passing

through it was termed an dectroKte: the elements liberated by the

decomposition were termed I'oiu ; those which appeared at the cathode

were named catiom, and those set free at the anode ani'ont / thus in

the decomposition of sulphate of copper the metal is the cation, and
the acid tne anion. Daniell employed the word pUttinode for the

negative, and dncode for the positive pole ; while Graham introduced

the terms zincout and chloroui poles, to represent the -(-and — . Much
of this nomenclature appears to us to be as uncouth as it is unneces-

sary : it w-is introduced at a time when the introduction of the constant

battery by Daniell, and the splendid discoveries by Faraday, had some-

what unsettled the scientific mind on the subject of voltaic electricity.

The new terms, with a few exceptions, have scarcely obtained a footing;

which is not surprising, seeing that the old expressions potitite and
negative polet, and electro-po$itive, and Hectro-negaiite bodie$, are far

more simple and quite as accurate as the terms by which it is proposed

to supersede them.
As the arrangement of the pile was inconvenient for experimental

purposes, and, moreover, did not give much power, and the )>ower that

it did give was soon exhausted, an arrangement was introduced called

the trowih battery, of which there were m.iny forms. The first con-

sisted of the pile, with the plates on edge, cemented into grooves made
in thrse sides of a wooden trough, spaces being left between every two
compound plates for pouring m dilute acid, which took the place of

the paper or cloth. In another form, the trough was made of glazed

earthenware, by nine or more parallel partitions of the same material,

which permitted no communication between one cell and another. As
many paire of plates, zinc and copper, of equal superficies, as there

were partitions, jvere provided; the two plates of each pair were

soldered or fastened together at their upper extremities, so tliat they

might be parallel to one another t and all were united together by a

rod of wood, so that ihev could at once be placed into or rcmovod

from the cells. The bridges or connections between the zinc and
copper plates stood directly over the partitions, so that there was a

copper and a zinc plate in each separate cell, except at one extremity

of each trough, in which, till two troughs were connected together, the

cell had only a zinc plate. When one trough was to be connected with

another, in order to increase the batteir, a alip of copiier, aa at a,

soldered at the top of a dno phite, was bent and made to enter the

cell B, containing only o zinc plate at one end of the preceding trough.

In Older to form the complete circuit, one extremity of a wire was
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made to enter the cell A, for example, which was the positive end, and

the other extremity was brought to tie opposite end of the trough, or

If
iiiiiiiiiiirMi

series of troughs, where it was placed in contact with the copper slip,

as a : the positive current then flowed along the wire from the ex-

tremity first mentioned to the other.

The above form was contrived by Mr. Children ; but Dr. Wollaston
proposed, as an improvement upon it, to have in each cell a zinc plate

between two plates of copper ; for thus both surfaces of each zinc plate

would become efficient in producing the electric current, and the power
of the battery would be increased by one half. The battery at the

Royal Institution was of Mr. Children's kind ; it contained 2000 pairs of

plates, each 8 inches long and 4 inches deep, and with it Sir Humphry
DavT made his principal discoveries.

The battery invented by Professor Daniell consists of any number
of cylindrical Teasels of copper, open at the top, about 16 inches high
and 3 inches in diameter, and containing a saturated solution of

sulphate of copper ; the exterior surfaoe of each may be painted, but
the interior, which alone is efficient in producing electricity, is made

bright. On the top of the cylinder is

placed a hemisphere a of wood, through
which, in the direction of the axis of

the cylinder, is a perforation above an
inch in diameter; and to its base is

attached a short tube b of copper, less in

diameter than the cylinder, and carrying

near its upper extremity an annular plate

c of copper, in which are pierced several

small holes. When the wooden cover is

placed on the cylinder its base rests on
the top of the latter; and the part of

the cylinder between the short tube
and the annular plate is filled with
crystals or pieces of sulphate of copper,

which, gradually dissolving, preserve the
strength of the solution in the lower port
of the cylinder.

To the interior of the short tube was
affixed, in the original arrangement, one
end of a piece of ox gullet d, about the
same length as the copper cylinder, and
having its lower extremity tied so that

the whole formed a membranous bag ; this is to contain diluted sul-

phuric acid (eicht parts water to one of acid). A rod of zinc z, about
the same length as the cylinder, an inch in diameter, and terminating at
the upper extremity with a brass ball, is passed through the perforation

in the wood, down the interior of the membrane, so that its shoulder
rests on the top of the wood ; the surface of the zinc being previously

covered with an amalgam of mercury. Instead of a membrane, a bag
of paper or canvas, or a vessel of porous earthenware, may be more
conveniently used.

If now, a connection, by means of a wire or metallic rod, were made
between the ball at the top of the zinc rod and the top of a stem e

which rises from one side of the copper cylinder, the zinc will be
corroded by the sulphuric acid, and the electric fluid will pass to the
copper through the acid, the membrane, and the solution in the
cylinder. [QalvaMSM.]
The battery invented by Mr. Grove consists of several porous vessels

containing strong nitric acid, and, in each, a rod or plate of platinum

;

each of these vessels is placed between two plates of zinc within a
trough in which is diluted sulphuric or muriatic acid. The rod of
platinum holds the place of the plate of copper in Children's battery,
and constitutes the neeative pole of each combination ; the zinc plate
being the positive pole. By mixing sulphuric acid with the nitric
acid ir» the porous cells, a more tmiform current is obtained. This
battery is expensive, and must be placed under a chimney or a hood to
carry off the nitrous fumes. For the sake of economy Bunsen uses,
instead of the platinum, cylinders of carbon prepared by heating a
mixture of powdered coke and caking coal, or powdered coke moistened
with a strong solution of sugar. The carbon answers very well while
fresh, but it soon deteriorates by absorbing the nitric acid. Poggen-
dorf uses sheet or cast iron, which is not acted on by strong nitric acid.
In Smee's battenr the negative or conducting plate is of silver, on
which finely divided platinum has been deposited, this roughness of
Burface facilitating the escape of the hydrogen ; each side of the silver
plate is exposed to a plate of amalgamated zinc of the same size.

which acts as the positive plate, and is excited by dilute sulphuric
acid.

Grove's gat battery possesses a theoretical, rather than a practical
interest. It is stated, under Galvanism, that the amount of force set
in motion in a voltaic arrangement depends on the difference between
the affinity of the two metals for the active principle, or radicle of the
acid. The liquid which excites the chemical action is decomposed, its

elements are separated, and they either combine with the metallio
plate, or accumulate on its surface. By these means the voltaic action
is opposed and enfeebled, in consequence of the tendency of the com-
ponent parts of the fluid to re-unite ; for example,'when dilute sulphuric
acid is used, it is important to get rid of the hydrogen which adheres
to the platinum, and produces a counter-current, which may be made
evident by connecting a platinum plate, opposed to a zinc plate with a
galvanometer wire, when, on attaching to the other end of the galva-
nometer wire another platinum plate, free from hydrogen bubbles,
and plunging both into dilute acid, the needle will be powerfully
deflected. In the gas battery a plate covered with oxygen, is opposed
to a plate covered with hydrogen. A cell of this battery consists of
two tubes ; through the upper end of each is soldered a platinum wire
attached to a platiaum plate extending to the bottom of the tube.
The hydrogen tube has twice the capacity of the oxygen, and the tubes
are supported in a vessel containing dilute sulphuric acid. At the
beginning of the experiment the tubes are filled with the dilute acid,
and are charged with gas, by being connected with a voltaic battery.
When the tubes a:e in this way charged, they are separated from the
battery, and the mercury cups at the top of the tubes being connected
with a galvanometer there is a strong deflection of the needle, and by
connecting 8 or 10 cells in such a way that the oxygen of one cell may
be connected with the hydrogen of the next cell, sparks between
charcoal points and various chemical decompositions may be obtained.
The gases gradually diminish in bulk, but the current is maintained so
long as they remain uncombined.

For the formation of a voltaic circuit, it is usually stated that two
dissimilar metals, and a fluid acting upon one of them, are required.
AVe have seen in the case of the gas battery a variation from this rule,

which may be still farther departed from in various ways. For ex-
ample ;—if a single metal be plunged one end into a liquid capable of
acting on it, while the other end is dipped into a different liquid com-
municating freely with the first liquid, but having little or no action
on the metal, a current will be established. If, for example, we place
in the bend of a (J tube a piece of tow, and in one limb pour in a
solution of chloride of copper, and in the other limb one of common
salt, and connect the two open ends of the tube by means of a strip of
copper dipping therein, crystals of copper will be formed upon the
end of the strip immersed in the metallic solution, while the end of
the strip immersed in the salt and water will be corroded, and chloride
of copper be formed. By using various liquids in the two limbs,
Becquerel has obtained many of the metals in beautiful crystalline

forms. It has also been shown that similar actions are going on
within the earth's crust; for by connecting, by means of wires
attached to a galvanometer, the surfaces of two contiguous lodes of

ore, the existence of feeble but continuous currents was detected.

The battery used at first by Professor Wheatstone for his electrical

telegraph was formed nearly on the same principle as that of Mr.
Daniell. A small outer vessel contained a solution of sulphate of
copper, together with the plate of copper which formed the negative
pole ; within this, a small porous cell contained diluted sulphuric acid,

and at the bottom was an amalgam of zinc and mercury, which con-

stituted the positive pole. Various other forms of battery, and also

an electro-magnetic apparatus, have been employed for working the
telegraph. [Telegraph.]
A notice of galvanic apparatus would not be complete without

referring to Deluc's dry piCe, which consists of circular disks of paper,

one surface of which is coated with leaf gold or silver, and the other
surface with zinc foil. Some thousands of these disks are arranged in

a glass tube, with all the zinc surfaces in one direction, and the silvered

or gilt surfaces in the other direction. If these disks be pressed

together, and a wire attached to each end, the leaves of the goldleaf
electroscope may be made to diverge by touching the cap of the instru-

ment with one end of the pile, and connecting the other end with the
earth. If the two ends of the pile be made to terminate in metal
disks placed about an inch or eo from each other, and be well insulated,

an insulated slip of gokl-leaf suspended midway between them will

oscillate backwards and forwards for months, and even years. A dry
pile consisting of 20,000 disks gave sparks, and charged a Leyden
battery so as to produce shocks. The term di-y pile is, however, a

misnomer, since the action depends on the moistiu-e contained in paper

when exposed to the air : if the paper be artificially dried the pile

ceases to act. Zamboni substituted finely-powered peroxide of manga-
nese for the gold or silver leaf, with good effect. The pile terminated

in metal plates, which compressed the paper disks by means of ligatures

of sUk, and the pile was insulated by giving it a coating of sulphur.

In all voltaic actions power is transferred by means of a polar

influence propagated through the solid as well as the liquid particles of

the circuit. As a consequence of polarisation we get electric tension,

the effects of which may be shown by a numerous series of alternations

of zinc and copper (Mr. Gassiot's battery consisted of 3620 pairs), each



OALVAmSM. GALVANISM. Ml

espmliwbot a rerj imill mirboe, and ezdted with diitillad wstor

oo^^ Suoh an •mogBment U ealled a wain- hatttry, and when well

<imiiB»-iM< its oflieeta are mnariwUe. With 1000 oouplM dirergeoce of

the guld leaves of an electroaoope waa produced, a charge waa given to

a Leyden batteiy, which, though weak, could be dischatsed and renewed
any number of times in r^>td auooession. In Mr. (Mssiot'a arrange-

ment, when the wires terminated in brass disks, placed very near

together, a rapid succession of qiariu was kept up, on one occasion, for

five wedcs ; toe galvanometer was Ipenuanvntly deflected, and paper

mdataasd with iodide of potaanum gave iudicittions of decomposition,

although the chemical effects of the water battery are but feeble.

Under Electro-Dthamics will be found some formuke for esti-

mating the force and resistance of galvanic currents ; and we gave a

brief statement of Ohm's method of representing the mutual actions of

the electro-motive forces, and the resistances of any circuit in the form
of a fraction. Now as the power of any combin.ition, simple or com-
pound, is directly proportioned to the electro-motive force, or chemical

energy between the active metal, and one of the elements of the liquid

on which it acts, and inversely proportioned to the resistances to be
overcome, the numerator of the fraction will be represented by E, the

eleotro-motive force, and the denominator by R -t- r, B representing the

reaiatance in the cell or the battery (chiefly due to the affinity between
the elements of the liquid for each other), and r all resistances exterior

to the cell and the battery, such as that of the connecting wire : then the

ezpceasion =awould represent the effect of any combination where

A indicates the amount of force in circulation, whether measured by its

heating or by its magnetic effects. If the connecting wire be very thick,

so as to offer Uttle or no resistance to the current, r goes out, and the

fraction becomes -= A. Now, suppose that when a pair of zinc and plati-
B

nnm plates, 6 inches in length and 1 inch in breadth, and 1 inch apart, is

E 1
immersed in dilute acid, E=l and B=l then _ = .=!. If a pair of

B 1
plates, 6 inches broad and 6 inches long, be immersed in the same acid,

since the resistance is inversely as the surface of the plates immersed,
E 1

the fraction becomes B or 1 = 6, or the power is increased six-fold, as

6 6

compared with the former. If each of the plates be cut into six

similar slips, and these be arranged in pairs, all the platinum plates

connected by the same wire and opposed to all the zinc plates simi-

larly connected, the same fraction stiU represents the result, since the
relative size and distance of the plates remain unclianged ; but if the
plates lie made to alternate, the zinc of one p.air connected by a wire to

the platinum of the next ^aii, so as to produce a compound circuit,

the fraction becomes — =- = 1, the electro-motive force is increased
6b 6

sixfold, but the resistance is also increased in the same proportion.
The force,which in this case circulates through the connecting wire, is

not greater than if a single cell, containing a pair of plates 1 inch broad
and 6 inches long, had twen employed. If, however, the connecting
wires were several miles in length, as is the case in the electric tele-

gi^h, r becomes important. We will suppoee the resistance to be
twenty-fold greater than tliat of the liquid in each cell : then, in the case

b 1

of the simple circuit, the fraction becomes B = 1

6
+ 20= 0-049;

and in the case of the compound circuit, -55- = —L_ = 0'23 ; so that
6R + r 6 + 20

althongh in both cases the resistance greatly diminishes the amount of
cirenlsting force, the power in the compound circuit is five times as
great as that produced by the simple circuit, so ttmt wherever there is

a great external resistance, a compound battery is very much to tie

preferred to the simile circtiit. For, let n = the number of plates in
n compound circuit, B the electro-motive force, D the distance between
the plates, a the area of the plates, { the length of the conducting wire,
1 the area of a section of the wire, then the action of a compound
battery with its extremities connected by a thick metallic wire, is

nE

ezprsMed by the fraction no 2= a. In Professor Miller's ' Elements

s ^'t

of Chemistiy,' part i., the reader will find some further instructive
applications of Ohm's theory. The chemical decompositions produced
by the galvanic battery are stated under Electro-Chehistbt ; and
the briliinnt light furnished by the voltaic am is noticed under
Elects ic Lioht. See also Electbicai. Eoo.
0ALVANI8M. This department of electricity takes its name from

Oalvaoi ; but its infant progress was duo in a much greater degree
to his confempomry Voltn, by whom piles were first constructed for
inoreaaingtbe intensity of the electricity produced by a single pair of
ploteo. The production of electricity in this case ariws from the
action of the acid in the cell between two plates of dissimilar metals,
that which is the more oxidable giving out positive electricity, as
oxpUined under Electho-Otxamics. The forma in which the piles

have been constructed are various, and the number of plates is adapted
either to the quantity or intensity of electricity which may be de^red.
^^'hen quantity with a feeble temdon is requisite, a single pair of plates,

such OS zinc and copper, with extenaivs surboes, separated by very
dilute acid, will answer; but with a system of pairs of plates, where
the capper of the first pair condnett its electricity to the zinc of the

second, and so on, the quantity and intensity are increased with the

number of the platies. In some constructions, as Hitter's dry piles,

the plates are simply laid on each other, tiiose of each pair being

seponted by moistened paper ; in others the plates lie puallel in a
trough of baked wood, by which means the cells are easily filled and
emptied. In the Couronne de Tattet of Volta the plates are placed

circularly or in a bowl shape ; while in Hare's CcMrimotor there is

merely one zinc plate and one copper twisted into a great number of

coils, which form increases the intensity, as may be seen from the
article ElectroDtkamics. All these forms have however been
superseded by the constant Ixittery, as noticed under QALVAmo
Battebt.
The electricity thus produced is of the same nature as that given by

the common machine; the only difference i>eing that the mode of

producing galvanism is continuous, tliat is, when in any way discharged

it is immediately reproduced by the oxidation of the zinc ; and hence

many galvanic phenomena liave lieen successfully imitated by a series

of sparks of ordinary electricity. When the positive and negative

wires are made strictly to communicate by metalUc conductors, the

combination of the opposite electricities causes all phenomena analogous

to those produced by the ordinary machine to cease, but gives birth to

the electro-dynamic and electro-magnetic phenomena. [Electro-

MaQNETISM.] But when the wires from the opposite pmes of the

battery are only brought sufficiently near that the current may pass

through an interposed substance, or when the circuit is completed by
imperfect conductors, the physical changes which the interposed

substances undergo constitute the phenomena of galvanism. It may
be observed that the relative conductibility of substances for Voltaic is

nearly the same as for common electricity, but the alterations pro-

duced by the former in the temperature and internal nature of the

substances through which the current is admitted interfere in some
degree with that order of conductibility.

The deflagration of metals is effected by boating them into thin

leaves, which are then interposed between the extremities of the

positive and negative wires of the battery, brought within a quarter of

an inch of each other : they will then bum with a beautiful light, but
which is of different colours in different metals. Thus^zinc gives a

white light with a reddish border ; copper, a bluish white light, and
throws out red sparks; lead, a purple light; gold leaf, a l>eautiful

white light tinged with blue.

But if the interposed sulietances, instead of being laminn, be of

small irregular forms, or wire-shaped, their temperature rises rapidly

as the electric current permeates them. Steel burns, iron wire

dissolves in globules, while charcoal produces a light of such dazzling

brilliancy as to &tigue the eye, a property which has been happily

seized by employing it in the solar microscope [Electric Lioht]
; yet

this heat and light are independent of the ambient medium, no oxygen
is consumed, and the attenuation of the air rather adds to than
diminishes the light. As for the apparent diminution of this intense

light when the charcoal is immersed in water, it is attributable to

the imperfect conductibility of the latter medium; a thermometer
placed in water, in which the wires are immersed, will rise even to the

boiling point. Mr. Children has given a list of the order of facility in

which 8ui»tances thus acquire a red heat, and has succeeded in fusing

the oxides of molybdenum, tungsten, uranium, 4c., but found ruby,

sapphire, silex, quartz, &c., more intractable. It is obvious that, in the

estimation of such an order, we must take an account of the mass
heated, and of the extent of ite surface which is liable to cool by
contact, radiation, or both ; and lastly, of the loss of conductibihty due
to the increase of temperature of tiie sulwtance interposed. Ether,

alcohol, &o., may be inflamed, and gunpowder exploded, by making the
discharge through charcoal points.

Sir Humphry Davy avoide<l the increase of temperature in the wires

through which the current was discharged by taking them of a length

sufficient to discliarge the number of pairs of plates employed in the
pile, and thus found that the length of wire in this cose is inversely

proportional to the number of double plates. The diminution of

conductibility due to increase of temperature he exhibited by a
platinum wire made red-hot by the galvanic current; for when ho
raised one ])art of it to a white heat by means of a blow-pipe, the Iie.it

in the other parts of the wire became immediately reduced. The
order of heating in metals, beginning from ttiat most susceptible,

which he has given, ia as follows:—iron, palladium, platinum, tin,

zinc, gold, copper, silver.

Under ELECTRO-CKRMiRTnT will bo fo\md a statement of the rebtion
subsisting between cli'inical changes and givlvanic electricity. Wo
may however in this place stite some of the early results obttained.

"["he decom|iositii>n of w.iter by the battery is cITected by l)ringing

the points of the pooitivo and negative wires very near each other
under water, inverted glasses being placed over them tn collect the
gases which are evolverl. If the wires be not oxidable, then oxygen
gas will be formed st the extremity of the positive wire, and hydrogen
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at the negative, in the same proportions in which they constitute that

liquid ; but if oxidable, then the positive wire will be covered with an
oxide, while the negative wire still produces hydrogen gas. In general

oxygen and chlorine are found at the positive pole, and the other gases

at the negative ; but we are not to suppose that oxygen only is

disengaged by one wire, and hydrogen only by the other ; for the

particles of water in contact with the ends of either wire are strictly

decomposed into their constituent gases, but the oxygen formed at the
neg.itive wire is transferred to the positive, and the hydrogen at the
positive is transferred to the negative.

The chemical analysts were at first somewhat puzzled at finding

foreign products, when producing decomposition by galvanism ; soda,

which was sometimes found, was due to the decomposition of small

portions of the glass in which the experiments were made, and
muriatic gas to vegetable substances employed occasionally, as wet
cotton-thread, when the liquid was contained in separate vessels having
only this mutual coumiimication.
When neutral salts were held in solution and exposed in the same

manner to the galvanic action, their alkaline bases were found at the
negative wire, and the acid at the positive : thus zeolite was decomposed
into soda and lime

;
glauber salt into solution of soda and sulphuric

acid ; while the metallic solutions gave their crystals and oxides to the

positive pole, and transferred the acids to the negative. Davy made
the remarkable discovery that this transfer took place without any
combination being effected with the parts of the medium traversed,

even when the latter bad a great affinity for the elements which pa&sed

through it. He arranged three cups, in the first of which was a
solution of litmus, in the second a similar solution, and in the third

sulphate of Bo<la. The positive wire was immersed in the first cup, the

negative in the third ; and the intermediate one was connected with
the two extreme cups by means of a moistened thread, so as to com-
plete the circuit : the result was, that the solution of litmus in the

positive cup became red, indicating the transfer of the acid from the

third cup, while the similar solution in the intermediate cup underwent
no change, clearly showing that the acid in its transfer did not combine
with the solution through which it passed. Similarly, upon reversing

the poles, a green was produced in the first cup, while the middle still

remained imaSected. But he soon recognUed that there was an
exception to this, namely, when the transmitted substance and the
medium combine so as to form an insoluble compound ; for when it

has thus acquired a greater specific gravity than the medium, it is

necessarily drawn out of the line of transference ; and if by mechanical
means it should be preserved in it, the transfer will go on as before.

It may be observed generally, with respect to chemical decompo-
sitions effected by galvanism, that it is quantity rather than intensity

which is requisite, and that the metals, alkalies, and earthy bases are
transferred to the negative pole ; the acids, oxides, and chlorides to the
positive. By the successive labohrs of Davy and other chemists,
different substances which had before been supposed simple, as soda,
potash, lime, baryta, strontia, magnesia, zircon, &c., were analysed
by this powerful instrument ; and though silex, alumina, Ik., offered

great resistance to its application, and the metallic l)ases were with
difficulty restrained from again combining with oxygen, still in the
majority of cases the analysis has been successfuL The same method
wag applied by Brande to fluids containing albumen, when albumen
and alkali were found at the negative pole, albumen and acid at the
positive; he also found that though it remained fluid with a weak
battery, when a stronger one was employed it was separated in a
coagulated form. Experiments of the same nature were made by
Oolding Bird, whose results do not agree with those obtained by
Brande. He used for his battery the Voltaic form, a Couronne de
Taaa of thirty small plates, excited only by a weak solution of salt,

and first operated on liquid albumen in a state of non-combination.
Putting serum of blood into a glass vessel, and having introduced the
wires of the battery, a cloudy deposition took place near the positive
wire without adhering to it. The experiment being nctt made with
two vessels connected by moistened cotton, coagulation took place in
the positive vessel, while none occurred in the negative ; after a time
the contents of the former had an acid taste, and of the latter a caustic
alkaline flavour : when all in the positive vessel was ooagulate<l by the
galvanic action, he fo<md there hydrochloric acid mixed with chlorine,
and the alkali in the negative vessel. He has given also an explanation
of the causes of the difierence in Brande's results.
An interesting class of experiments is due to Mr. Crosse on the

employment of electricity, in a state of high tension, to form mineral
and other substances. There is a cavern near Broomfield, of which the
vault is covered with arragonite and carbonate of lime and fine crystals.
The water which drips from this vault holds in solution ten grains of
carbonate of lime and a little sulphate of the same to each pint. A glas.s

filled with this water was submitted to the action of a battery con-
sisting of 200 pairs of plates, and at the expiration of ten days the
negative pole was found to have formed rhomboidal crystals of car-
bonate of lime, accompanie<l by some gas-bubbles, and in less than a
month after the wire was covered with regular and irregular crystals,
whence it follows that the bicarbonate was decomposed into carbonate
and carbonic acid gas. He also let the water drop on a piece of brick
subjected to a current from 100 five-inch plates, the brick being sui)-
portod I'y a funnel which conducted the water into a vessel below

;

after four or five months the brick near the negative pole of the battery
was covered with carbonate of lime, while near the positive pole were
disposed prismatic crystals of arragonite; and the same experiment
being repeated with fluosilicic acid, regular hexahedral pyramids similar
in all respects to quartz were obtained ; tho.se which were left in a dry
place acquii-ed sufficient hardness to scratch glass ; the others had not
that power, and gradually lost their transparency. In his varied ex-
periments of this nature he succeeded in forming, by means of the
galvanic battery, the following minerals :—carbonate of lime ; arra-
gonite ;

quartz
;
protoxide of copper ; arseniate of copper, and its blue

and green carbonates
;
phosphate of copper ; carbonate of lead ; chalce-

dony, &o., upon which Becquerel remarks, in his ' Experimental Elec-
tricity,' " nearly all these substances we have obtained these dozen
years with the simple electro-chemical apparatus."

We now pass on to a brief notice of the physiological effects pro-
duced by galvanism, from which we must exclude any account of the
animalcida; observed by Mr. Crosse in the solutions employed in his
experiments.

In the life of Galvani, in Bioo. Div. [see also Volta] there is an
account of the convulsive motions to which denuded frogs are subject
when the nerve and muscle form part of the galvanic circuit. In order
that an individual may receive a shock from a battery, it is advisable
to moisten the hand, because the dry cuticle is a bad conductor of
electricity : then, on holding one of the mres of the battery and
touching the other, the shock will be received and felt in the wri.sts,

arms, or shoulders, according to the intensity of the current ; or a
continued sensation, resembUug the piercing of a very fine needle, will

be perceived by dipping the finger in a dish containing a little water in

which the wires of the battery are inserted at the same time with the
finger. In both cases, if the nerves are denuded by a cut, the sensa-

tion is painful, and the pain will remain some time before it subsides.
In some experiments of this kind Humboldt brought on an inflamma-
tion by applying the current to a cut. Volta has asserted that the
negative wire communicates the greater pain.

A flash of fight is perceived by covering the bulb of the eye with
tinfoil and forming a metaUio communication thence with the mouth,
as for instance with a silver spoon ; also BerzeUus found an acid tasto
on dipping the tongue into a zinc vessel containing water, which was
placed on a silver stand, by touching the silver with his hand so as to
complete the circuit. When the negative current is communicated to
the taste, it is caustic and alk iline.

When the battery is ap])licd to a nerve of a person recently dead,
and the circuit is completeil, several violent motions ensue, dependent
on the relative position of the nerve and muscle ; thus, when the \vire

communicates with the phrenic nerve, the muscles of respiration are
set in motion ; when from the ulnar neri'e to the spinal marrow is

included in the circuit, the fingers are set in qviick motion, and so on.

Fishes are still more susceptible of this electric action than animals,
and strong convulsive motions will be ejdiibited by a live flounder
placed on a zinc dish and having a piece of copper or silver on its back,
as soon as the two metals come in contact : similar effects take place
with leeches, worms, and amphibious animals.

It was thought by Volta that the involuntary muscles, such as the
heart, could not be thus excited, but experiment has decided against
him.
When the secretion was suspended by cutting the eighth pair of

nerves. Dr. Philip and several French anatomists have restored it by
establishing a galvanic current through the divided part of the nerves
next the stomach.

Intermittent currents have been employed in the experiments of

Masson, Peltier, and Delarive. To effect this M. Masson used a toothed
wheel rotating by a cord round it ; its axis, supporter, and itself being
all metallic : a communication is formed between this wheel and a
battery in the form of a heUx : the object of the teeth of the wheel is

occasionally to suspend the action of the current by making the con-

necting rod of too great a length ; hence, when the wheel is made to

revolve, the galvanic current acts and is suspended alternately. By a
series of intermitted discharges produced in this manner, M. Masson
had the cruel pleasiu'e of killing a cat.

It has been ascertained by Matteucci and others, that portions of

muscle and nerve present difl'erent electrical states with reference to

other portions of the same muscle or nerve. For example, the external

portion of a muscle may bear the same relation to the internal, aa

platinum does to zinc in the voltaic circuit. In fact, a voltaic pile

may be formed by shoes of muscle arranged so that the external part

of one shce may touch the internal part of the next, and so on.

P. Santi Linari drew the electric spark from the gymnotus in the
following manner :—he took a glass tube of the shape of a capital U,
which he partly filled with mercury ; at each end was fixed an iron

wire through a wooden button, and which reached very near the mer-
cury. The apparatus being fixed with mastic on varnished wood, the
ends of the wires were made to touch short platiua wires terminated by
l.imime of the same metal, intended to make a good communication
with the different p.irts of the electrical fish. When the circuit was
formed, a spark visible even iu the dayliglit appeared at the place

where the conductors were interrupted. Tliis experiment he repeated

in different fonns. (' Biblioth. Univ. de Geneve.')

M. Delarive has noticed a remarkable difference of effects iu the
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•olifla of VolUio Md of BiOMto-tlMtrio euRwte. When tha wires

of tbe Utter ware uaad for daoompoaltiooi, b«it in the form of tliin

laavae or lamina, there was but little diaeoMament of gaa, and the

more the lamina waa plunged, the ten w*a the gaa erolvea, which waa
not the oaae in the oommoo form of the wire : thia doea not occur in

Voltaio electricity i the aame experimcDtaliat haa aougbt the quantity

of electricity neoeaaary to deoompoae a given quantiW of water, ana
hia reault ia that the |)ro<Iuct of tha time multiplied by the intraaity

of the oorrenl is oon<tant.

Let ua now recafitulata the general phenomena of Toltaic or eleotio-

chwninal aoMon.

If two flat pieoea or platea, one of sine, the other of oopper or

platinum, be immeraed, without toucliing eaoh other, in diluted sul-

phuric acid, chemical action, as it is termed, will take place between
the noo and fluid ; the water of the latter undergoing deoompoaition.

Ha oxygen unitea with the metal to form a protoxide, while the
oqaiTalent of hydrogen is set free, but adherea to the surface of the
plate in small bubbles, which gradually coalescing into larger, detach
themselvea and rise to the surface from their specific levity; the
protoxide combines with an equivalent of acid, forming a soluble salt,

which, bring consequently removed, allows of renewed and continuous
action on the metaL In time however the fluid becomes satiuvted

with the sulphate of cine, which is then thrown down undissolved, and
ia also deposited on the surface of tbe plate, acting mechanioaUy to

prevent that intimate contact between the pure metal and the water
whioh ia eaaential to chemical action ; this obstruction is also in some
measure oocaaioued from the-beginning by the adhesion of the bubbles
of hydrogen, and consequently that action ia gradually retarded and
finally ceases. During this time the copper or platinum plate is per-

fectly iuactive, neither of these metals being affected by sulphuric acid,

or mure properly, owing to the affinity, as it may at present be still

called, between those metala and oxygen, being weaker than that which
eidsta between the hydrogen and that element.

Under Uieee circumstances, if a perfect communication be made
between the two metals, by causing a wire soldered to the one, to touch
that connected with the oUier, a remarkable change takes place in the
phenomenon, the chemical action between the einc and the fluid

becomes more energetic, but the hydrogen, instead of being liberated

at the surface of that metal, appears solely at that of the other, although
not the slightest effect is produced on the copper or platinum itself

;

while the connecting wires will be found to exhibit, by their increased
temperature and their magnetic state, the usual indications of what is

termed an electrical eurrmt paasing along them, and, as is weU known,
an electric spark ia visible at the instant of separating the wiree, pro-

Tided the plates be sufficiently large.

It is now generally admitted that all chemical is connected with
electrical action, and that they bear a direct relation to each other,
that is, a certain constant quantity of electricity is evolved by the
decomposition of each equivalent of any compound, though that
quantity varies for different bodies; but it is not clearly known
whether the electricity is the cause or the effect of the chcmiciJ action,

they being perfectly contemporaneous and co^existent to all our means
of obaervatioD. It follows there^jre that the quantity of electricity

Taiiaa with the extent of surfaces between which the action takes
place, as well as with the nature of those surfaces ; but with the aame
two metsJa and fluid this quantity depends solely on the extent of
aurface, that ia, on the aise of the zinc plate.

It has been proved by Professor Daniell that under these circum-
stances our power of collecting or retaining the electricity evolved
from any given surface of metal, depends on the extent of that of the
other, or conducting metal, for m the arrangements under con-
aidetstion the oopper or platinum plate simply acts in this capacity,
and that thia second plate cannot be too large in proportion to the
former, to prevent the loss of any of the evolved electricity, which,
if it do not meet with a good conductor in its immediate proximity,
paaaea off to aome other.* The form of our arrangements puts a limit
to this inequality in the extent of sur&ces of the generating and
conducting metals, but a more important principle still further con-
tracts this Umit, which must be briefly adverted to.

All electrical action is most easily and consistently explained as the
affacts of induction [Electbioitv, Commok; Polabitt], or of an
•etion exerted by matter, itself in a polar state, producing polarity in
surrounding matter ; what is commonly called an electrical current is,

on thia hypothaaia, the momentaneous destruction and reproduction
of polar foroea, acting along a chain of particles sufficiently approx-
imated to admit of the intensity of the forces in that Ime exceeding
that produced on contjgnoua particlea in other and lateral directions.
In the voltaic circuit the particles of the fluid form a part of the chain
through which the induction, originated by the sine on the fluid, is

ptopaoted, the chemical deoompoaition ia connected with or occa-
siuned by this polarity, the hydrogan of one particle of water quitting
Its equivalent of oxygen to oombine with that of the contiguous
particle, and so on throughout until the hydrogen of the particles in
oaotact with the conducting plate, having no oiygen wherewith to

ir B larg* sisstrisal muhlne were prorlded with a small oondactor, thli
might bceoow sharged b^ half a tarn or tbe bsndir, and most diachargs Itaelf
lalenlly io the acaren eondaelora brfora it could receirs a l^sab chargs.

ooinUne, is liberated at that surfMe in ita gaaeotia state ; tha metallic
part of the circuit tuidergoea no ohamioal change except at the surface
in oaotact with the fluid, whara tha polar foroas produoe oxidation of

the metal, and oonaequent decompoaftlon of that fluid.

If this chain of polarised partioles be broken, and the interposed
matter be a nonoonduotor, tha current ia at onue arrested, and the
chemical action between the dnc and the fluid nearly ceases; but
even a diminution in the conducting power of any part of the circuit

oocaaioiu a diminution or retardation of that action. The fluid of

the arrangement is on im|x;rfect conductor, compared with the me-
tallic part, and if the distance between the metaJs be inoreaaed, the
inoreaae of tha intervening portion of imperfect conducting matter
may occasion a ceasation of the action, and always diminishes it in an
inverse ratio to that diitance. Hence the neoeasity in all forms of

voltaic batttrit* for Himiniahing as much as possible the quantity of
fluid between the metallio elements : consequently the magnitude of

the negative or conducting plate cannot be indefinitely increased, if by
so doing it becomes naceaaaty, owing to the pectuiar form of tlie

arrangement, to increaae the distance between the two plates.

Although we are warranted in inferring by analogy that there may
be other chemical aources of electro-polar induction than oxidation of
a metal, yet at present we are not acqiuinted with any other that oan
at all be compared with it in enei^gy ; and, of all oombination by which
this oxidation may be produced, the most efficient is that of a metal
and a A)lution of a metallic salt, the acid of which has a greater
affinity for the former metal than it has for that with whi<£ it ia

combined. If therefore a solution of sulphate of oopper be tiaed,

instead of the simple diluted sulphuric acid of the arrangement, it

becomes far more powerful ; but thia substitution neceasitatea a pre-

caution to prevent the deposition on the surface of the ainc plate of

the metallio copper libers^ by the decomposition, which deposition
would otherwise almoat instantly take plaice, and thus, by causing
both surbcea to consist of the same metal, polar currents would be
produced in opposite directions, which would neutralise each other's

action.

The precaution alluded to consists in interposing between the decom-
posing plate and the metallic solution a substance which, while it

admits of the passage of tbe current, and even that of the pure fluid

tmder the influence of that current [Kmdosmose], mechanically inter-

cepts the solid oopper ; the arrangement of the " constant battery," aa

it is technically termed, for which we are indebted to Professor
Daniel], consists of a small rod of amalgamated zinc, that is, of cino
the surface of which is coated over with mercury, placed in a mem-
branoiu bag, or in a porous earthenware cylinder, filled with dilute

sulphuric acid, this cylinder or bog being again placed in a copper one
filled with a satiuated solution of sulphate of oopper ; this external
copper vessel constitutes the conducting plate, and has the connect-
ing wire soldvcd to it, while the* other wire ia attached in any con-
venient mode to the zinc rod. It must be observed that the membrane
or porous cylinder must be perfectly continuous : the least fissure

would admit of the passage of the oopper to the zinc, and destroy the
effect.

As long as the two wires do not touch, this battery is nearly
quiescent, except tbe slight local action which takes place between the
zinc and its surroimding fluid ;* but when the circuit is completed by
making the ends uf the wires touch, the action becomes energetic,

the solution of the sulphate of copper is decomposed, the reduced
metal being deposited on the surface of the oopper vessel ; it is con-

sequently necessary to maintain the supply by adding from time to

time solid sulphate to the solution, so as to keep it always saturated

;

for it must be distinctly understood as a fundamental principle, that,

without continuous chemical decomposition and recomposition, no
current or circle of oloctro-polar forces can be maintained.

Let the ends of the two wires, not in contact, bo plunged into a
liquid compound, such for example as sulphate of copper in solution,

which, being an imperfect conductor, is capable of decomposition

;

decomposition of it will accordingly take place, and in the same
direction as that in which it occurs in the fluid of the battery; that

is, the copper of the solution will be determined to or precipitated on
the wire connected with the zinc plate, while tbe other wire will be
dissolved, uniting with the frw acid to produce a sulphate. It may
be aaked how it liappcns that the copper wire ia dissolved while the

plate of that metal in the battery is not acted on, and what becomes
of the hydrogen which was liberated in a free state, when dilute acid

alone was employed. This apparent contradiction ia explained by an
attentive consideration of the constant direction of the current, and
the consequences of its paasing through the two portions of fltiids in

opposite Erections as regards them. At the zinc plate the action is

the aame aa before, but by virtue of the current-alnnify the copper is

• The objcot of amalgamating the rinc rod Is to prevent tbla local astlon,

which sriasa from the inevitable want or pet feet homogensity in tbe metal ; an/

the slightest diflbrenc* In two portiona of which will cauae Uiem to act as

poaidve and negative alemcnta of a amaii ciicult, and a great number or thcas

cauara that action on the zinc which Ukes place before tbe great or principal

circuit ia completed ; the prrfect conducting power of the mercury appcara to

lentroy or neutraliae these partial currcntu, aa that of the battery llaolf would

be deatroyed if the two platea were connected within Ibe fluid by a perfect con-

ductor, instead of baring an imperfect oBs hUaiyossd between tbrm.
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determined to the conducting plate instead of the hydrogen, which
plate therefore remains unacted on ; in the other portion of fluid the

wire connected with the copper plate becomes the analogue of the

zdnc, and the water undergoing decomposition at its surface, the

oxygen unites with the copper of the wire to form a protoxide, which
combines with the free sulphuric acid, while the copper of the
sulphate is again determined in the direction of the current, in pre-

ference to the hydrogen, to the surface of the other wire.

Tliis example explains why, during electrolytic decomposition, the
elements of a compound are detennined in definite directions to one
or other pole of the battery : and hence the classification of those

elements into tleclro-poMre or electro-negative, or into Cations and
Aniom, according to the nomenclature proposed by Professor Faraday.

[ Electro-cbemistbt. 1

When the elements of a voltaic arrangement are single, or when it

consists of a pair of plates only, the current, however abundant as

regards what may be called quantity, is deficient in tention, or in that
quality which pre-eminently characterises the electricity of friction : an
increase of tension, as well as of quantity, is obtained by combining two
or more single batteries, the copjier element of the one being connected
with the zinc of the next by a perfect conductor, and so on in continued

succession. In consti-ucting such compound arrangements, or batteries,

it must not be infeired that the quantity and tension depend simply
on the extent of the surface of the plates taken collectively, and on
their number ; it has been proved by Daniell, Fai'aday, and others, that

the maximum effect is obtained from a given amount of surface and a
given number of combinations, when all the plates are exactly equal

;

and that if one pair of the series is much larger or smaller than the

rest, there will be no additional power gained in the first case, and
a considerable loss in the second, nearly equal to what would have
been produced if all the plates had been reduced to the size of the
smaller.

The term tension, as applied to the property imparted to the voltaic

current by compound combinations, is, perhaps an injudicious one

;

since it suggests the idea of some resemblance to the quality of

frictional electricity .Uluded to, which, as will be presently stated, is

not precisely the case, but that a very decided modification of the

active quaUties of the current is produced by these combinations is

shown by the fact that the decomposition of a fluid electrolyte into its

constituent elements cannot be efiucted by a single pair of plates,

however extensive their surface; while this decomposition becomes
energetic by means of a combination of four or five small batteries,

the total surface oi the plates of which is far less than that of the

single one.

The most energetic form of small constant battery is that suggested

by Mr. Orove, the elements of which are amalgamated zinc and sheet

platinum, the latter being immersed in concentrated nitrous acid,

while the zinc element is plunged in dilute hydrochloric acid isolated

by porous chambers. The platinum is not acted on, and consequently
the plates are lasting, although costly at first. The zinc is of course

rapidly destroyed, as it must be in all energetic arrangements, for

reasons before given.

In constructing the icienee of electricity, the mind has, as in other
sciences, proceeded from first observed bets to simple generalis<-itions,

or theury, which have again served as guides to new observations and
more comprehensive generalisations. Small as the progress yet made
has been, and slight as our knowledge is, when compared with what
remains to be acquired, we are warranted in concluding, from the

steady adherence to the principles of inductive philosophy which has
long characterised our investigations, that the present theory of this

science will bo an adniitte<l one, divested as it is, and ought to be, of

any attempt to explain ultimate causes, and limited to comprising in

general expressions the combined results of past observations, to be
tested by its accordance with new ones as they occur. What electri-

city is, or more correctly speaking, what is the nature of that unknown
agent which is the cause of electrical action in the most comprehensive
sense of this term, we are utterly, and probably over shall be, ignorant

;

but this agent appears to be as inseparable from matter as gravitation,

and poUrity appe-ars to bo the conseciuence of its presence in an active
state. It can he elicited, or brought into this active state, by difl'erent

causes, and what is remarkable, it presents some striking modifications
in its sensible properties, according to the cause which has immedLitely
called it into action ; it was these modifications which preveuted its

recognition when first obtained by chemical action, or by other than
mechanical means, and caused it to be denominated gcUvanitm or
loUaixm, and yet longer concealed the constant connection, if not
identity, between it and magnetism.

Th.it the ultimate cause of these modified modes of action is

identical, we are warranted in inferring from the identity of the phe-
nomena which they all produce, and from the interchangeable relation
of causa and eflect that exists between these various sources of elec-
trical excitation ; thus we infer that the unknown agent alluded to is

the cause of electricity, voltaism, magnetism, and heat, for each of
these may be pro<luced, and each in its turn is capable of producing
the others. Friction is the source of an electrical action which
produces light, heat, chemical action, and magnetism, but chemical
action is the most abimd.-int source of this agent, and all these pheno-
mena are produced more freely by it than by the others ; nevertheless

the presence, even in the least appreciable degree, of any one of them,
warrants ua in admitting the identity of the cause. Magnetism is

always co-existent writh the agent alluded to, but under certain con-

ditions of direction of the electrical and magnetic polarities. Whether
that agent be elicited by mechanical or chemical action, or by changes of

temperature in different metals [THEBMO-ELECTUiciTY],and conversely
by employing magnetism as the immediate exciting cause, chemical
action, heat, light, and magnetism itself may be produced. [Maoneto-
Electeicitt.]
The most remarkable and obvious of the modifications which have

been above alluded to are those which have given rise to the terms
eUctricity of tension, and mrrent-electricity, the former characterising

frictionjil or mechanical, the latter chemico-, thermo-, and magneto-
electricity ; but it is now acknowledged that these terms are only
expressive of the highest and lowest degrees of a common property.

The spontaneous disruptive discharge which takes place through very
imperfect conducting media, such as dry gases, from a body supercharged
with frictional electricity, has never yet been produced by the most
redundant quantity of chemico-eleotricity. Contact must be made by
some good conductor before the current can pass ; although the current
will continue for a short time after that contact is again broken, but
only through a small intervening space, never exceeding an inch or two,
between the anode and the cathode, the continuity of the current under
these circumstances being indicated by the intense arc of fl,ame between
the points terminating the connecting wires of an extensive compound
battery ; and in the case of thermo- or magneto-electricity it is only at

the instant of breaking the contact that the spark appears, indicating

the momentary transit through an unappreciable distance of the current,

which is instantly arrested when that distance becomes sensible : yet

that the electricity from theso three sources possesses some tension

has been proved by the charge imparted to a Leyden jar from a voltaic

battery, and by other indications of the presence of that quality in

feeble degrees, both in thermo- and magneto-electrical cun'ents, as for

example by the decomposition of solution of iodide of potassium when
the anode and cathode are very near to each other.

That power to which the name of induction is given, and which is

the consequence of the more comprehensive agency termed polarity, is

another and universal characteristic of electrical action. [Electricitt,

Common.] The inductive power of frictional electricity and of mag-
netism were the earliest observed facts in the science, but it is only

within a few years that the same power has been shown to accompany
the other sources of excitation, owing to the low degree in which they
possess it when compared with the former : but now by means of the

multiplier or coil, the inductive power of the current from a single

pair of plates may be made manifest, especially by the physiological

action called the electrical shock, which thus modified cannot be dis-

tinguished from that obtained from a charged Leyden jar.

We must also glance at another source of electricity namely vitality.

Are we yet warranted in assigning this as another eflect of the same
agent ? This question cannot be answered ; all we as yet know is, that

animal electricity as exerted at volition by the Gymnotus, Torpedo,

and perhaps other animals, is capable of producing induction, and
therefore attraction, heat, light, chemical action, and magnetism, and
the physiological action on living bodies, identically in the same manner
as the electricity from inorganic sources. [ELEOTBiciTif op Organic
Beings, in Nat. Hist. Div.J

In comparing the discharge of the galvanic battery with that of the

common electrical machine, we mciy remark that the current is a con-

tinuous succession of discharges of electricity generated and maintained

by the contact and chemical action of the materials of the battery, and
like the discharge of the electrical machine it may be classed under

three heads, namely, the discharge by conduction, as when the circuit

is completed by a good solid conductor ; by disruption, when a luminous
appearance is seen through a short interval of non-conducting matter

;

and thirdly by cmvcction, which takes place in liquids, and is accom-

panied by chemical action, and the transfer of particles of the

conductor.

When electricity, however produced, is in motion, all the {larticles

of the conductor are concerned, in conveying the force, and not the

surface merely, as in static electricity. [Eleotbicity.] In such a case

induction takes place between one transverse section of the conductor

and other sections just before and behind it, while a small but sensible

portion of the induction is directed to surrounding objects. If the

thickness of the conductor be reduced the particles have to transmit a

larger portion of the force, and the result is a considerable elevation in

temperature, sufficient to ignite and even fuse the wire, a circumstance

taken atlvantiige of in firing the charge of gunpowder used in blasting.

Metals degenerate in conducting power by elevation of temperature, as

may be well shown by raising a platinum wire to a dull red heat,

by sending a voltaic current through it, and heating a portion of the

wire by means of the flame of a spirit-lamp ; the temperature of the

other (tart of the wire will deoUne, and the wire cease to be visible, in

consequence of the increased resistance offered to the current by that

part of the wire which is in the flame. A contrary effect is produced

by cooling a portion of the wire in water, the reduced temperature at

one point allowing more electricity to pass, as is manifest by the light

given off by the wire, which may even fuse and disappear in globules.

We have stated under Galvanometer the method adopted lor ascer-
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tainiiig the ooDdaettiw powor of metab for dectriei^. The following

tahb shows the conouctiiig power of wires of the sune length ana
(Usmeter, by which it will be seen that th(M powers vary with the

temperature, the effect of a moderate rise of temperature in reducing

Um onoductiog power htiag conaidenble :

—

BUnr at Sl° Fsbr.,

Mstala. At M' Fahr. being equal to 100'. At 111' Fahr

SDTer . . 100-000 ;i-31S 100-000

Copper . . . 9iii; 64919 91-0SO
Ootd . . 64-B80 48-489 C7'9B2
Ostbolum . . Uilt i;-306 a4-}47

Oae . . 14083 1-198 14-6;S
Tin . . H014 f«i7 ll-lt9

IroB . IISSO 8-3«7 ii-;«o
Lnd . . »J77 »-7«l S-071
Flatioam 7-9SS 6-68S 9-378

MerciU7 . . . 1'7S» 1-S7i S-208

When equal amounts of electricity traverse similar wires of different

metal in equal times thb rise of temperature in the wire is inversely

proportioned to its conducting power, so that the better the conductor,

the nialler ia the quantity of heat emitted by it. A compound wire
formed of equal alternate portions of silver and platinum will transmit
a cturent so as to heat the platinum links to visible redness, while the
silver from its superior conducting power will not become luminous.

If a Leyden jar or battery be repeatedly discharged through a platinum
wire too thick to be fused by it, the wire will become shortened as if

it had been acted on by a force transverse to its length. A similar
tttici takes place with voltaic electricity. If a platinum wire be
ananged in a porcelain trough, so that when fused it shall retain its

position as a wire, and a strong cturent be sent through it, it will snap
asunder when near the point of fusion, thua showing a contraction in

length, while if a similar exj>erimeut be performed with lead wire, it

will gatiier up in nodules which encroach on each other as if from
longitudinal compression. It has also been noticed that telegraph
wires which have been long in use become brittle, and it has been
ascertained that while a wire is transmitting the electric current there
is a temporary diminution in the co-«fficient of elasticity indopeudent
of the heating effect of the current.

Liquids are greatly inferior to solids in conducting power, so much
o that it is difficult to compare them. According to M. Pouillet, a
platinum wire conducts 2,600,000 times better than a saturated solution
of stUphate of copper. In many liquids the conducting power rapidly
iocreaaea with the temperature, a result contrary to that obtained with
olidi. Oases are almost perfect insulators of the voltaic current.
With respect to the disruptive discharge, we have an instance of it

in the fusion and dispersion in vapour of the conducting wire, when
not of sufficient capacity to convey the current. By rarefying the air
between the ends of the terminal wires, the sjiace through which the
diachaige will take place may be increased. In the large battery of
2000 pairs at the Kciyal Institution, Davy obtained an arc of Same
between charcoal points, i inches in length. In such cases there is a
transfer of solid ^nrticles from one polo to the other which increases
tlu affect. A cavity is produced in the piece of charcoal attached to
the last platinum or copper plate of the battery, and a mammelated
deposit is formed on the charcoal connected with the last zinc plate.
Even the densest metals, such as platinum and iridium,are transferred
from one pole to the other.

The discharge by convection introduces us to the beautiful and
important branch of science, ELKCTRO-CaKiiisTRr, to wliich we refer.
UALVAIiISM, in its action on the human system, resembles elec-

*f'<^t^, yet it is distinguished by certain peculiarities. In its applica-
tion it can be rendered more continuous and uniform, and may, like
electricity, be administered either in shocks, or in a regular flow of
galvanic influence through the body. It possesses more power over
the chemical actions of the body than electricity, and promotes mora
completely those nrocesses of decomposition and recomposition which
take pUoe in the living frame, as well as the functions of organic life,

than common electricity. But the chief distinction consists in the
difference of action of the two poles. Each [wlc excites peculiar phe-
Bomena in the orgsoa to which it is applied. This difference is less
perceptible when mere shocks are administered, than when a con-
tinuous stream of salvanic influence is transmitted from one point to
another of the body. The positive pole more particularly influences
the muscular and vascular system, while the negative pole more espe-
cially affects the nervons system. At the positive pole there is felt
the shuck, strong movements, a feeling of concentration and contrac-
tion, increased wannth and mobility of the part, with gradual dimi-
nution of the secretion and sensibili^. At ths negative pole the p,iin
sod aensibilitv are stronger and more acute, the oi;gan expands, is more
irritable, while the muscular acUoo and mobililgr are lessened. The
difference of their action on the secreting powers is best seen by apply-
ing the respective poles to a surface which baa been recently deprived
of lis cuticle, such as where a blister has been. The p<Mitive pole
obaoges tlie serous secretion into that of lymph, which at last becomes
thrssdy

; the part dries and is inflamed. The nepitive pole causes aa
abundant seoreUod of a dark coloured, highly acrid fluid, which ex-
coriates the aUn over which it flows; the part also ezperiences an

enduring irritation. Atonic swelUngs are rendered harder, should thvy

not become inflamed by the poaitive pole, while frequently by tiie

negative pole they are aispersod and resolved. Notwitliatanding the

possession of such powerftu properties, nlvanism has not produced so

valuable results in medicine as might nave been anticipated. This
comparative fulure is no doubt to be attributed to errors in the mode
of applying it. As the dines see in which it has been recommended sre

those uready enumerated under electricity [Elbcthicitt, Mbdical csu
or], it is not necessary to repeat them here. It may be proper how-
ever, to remark, that it was urgently recommended during the preva-

lence of the Asiatic cholera, but the results were not satisfactory.

Like many other powerful agents, it was not used till a very late stage

in the complaint, when recoveiy was almost impossible. It -is also to

be doubted whether galvanism be at all applicable to cholera, since it

appears that the contmued application of it causes death, by inducing
inflammation of the lungs, m cases of animals where the eighth pair

of nerves have been divided, more speedily than where the same nerves

have been divided in aniinals to which the galvanic power waa not
applied as a substitute for the nervous. Inflammation is the invatisble

consequence of the application of the positive pole ; while the negative

pule would cause a flow of acrid secretion which could not benefit the

patient. The identity of electricity, whether common or galvanic,

with the nervous power, is much to be questioned, but on this subject

Matteucci has entered at some length in his numerous papers. (See

Delarive's ' Electricity ;' and the controversy between Dr. W. Philip,

Dr. Williams, and others, in ' Medical Gazette,' vol. xvii.)

The part to which the poles are applied requires to be moistened,
where a slight effect is wished, with plain water; but when more
powerful effects are wished, with salt and water.

OALVAKO'HETER, or MULTIPLIER, is an instrument con-

structed for the purpose of detecting the presence of feeble electro-

chemical ciurents. The nerves and muscles of newly killed frogs were
at first used ; but the discovery of electro-magnetism has funushed a
more delicate and measurable criterion : the instrument founded on
this principle has been successively improved in the hands of
Schweigi;cr, C'umming, Nobili, aud Melloni, to a must remarkable
degree of delicacy.

The principle of the construction depends on the property possessed
by electrical currents of acting on magnetised needles; for if the
conducting wire be placed on the magnetic meridian above or below
the needle, the latter will suffer a deviation to the right or left

according to the direction of the current. [Electbo-Maqhetism.]
The action of terrestrial magnetism tending to restore the neisdle,

after its derangement by the current, to its original position, is

almost entirely correcto<I by employing two similar needles supported
parallel to each other by a light piece of straw or other substance, and
placed with the poles of one in au inverse position to those of the
other. A pair of nee<lles thus arranged forms what is termed an attatic

combination, (from oaraTos, indiSerent.) The needles are delicately
suspended by means of a thread of imtwisted silk or a filament of glass

in such a way that the lower needle shall be within a coil of copper
wire covered with silk or cotton, and making several hundred couvolu-
tions. In such au arrangement the needle which is outside the coil

will be acted on by the upper wires only, the lower ones not being
sufficiently near to produce any effect : aud this action coincides with
their action on the lower needle with its reversed poles, so that the
effect of a feeble current is materially increased. The apparatus is

usually inclosed within a glass case, and there is an adjusting screw at
the point of suspension for raising or lowering the silk, so that when
the instrument is not in use the needles can be let dun-u so as not to
drag upon the suspending fibre. Over the coil, but below the upper
needle, is a sheet of copper, graduated so as to show the angular
deviation of the needles. There are also binding screws for connecting
the ends of the coil with the wires which transmit the current.
There are also levelling screws and a lever for placing the coil

parallel with the needles so as to make them coiucidc with the
Eero of the graduated cirele. Thus the galvanometer not only indi-

cates the presence of voltaic action, but estimates its amount.
When the needle does not deviate more than 16° or 20° the
amotmt of force may be considered as accurately represented, but for
larger angles such is not the case, since the more the needle deviates
from parallelism to the wire the more obliquely and consequently leas

powerfully does the force act For example, mora force is required to
move the needle from 20* to 25°, than from 10° to 15° ; but as the
deviation in each case is definite for the same instrument the measure-
ments may be so far relied on.

M. Becquerel's Differtntial Gaham/mcler consists of two insulated

copper wires of equiu len^h and diameter surrounding the needles,

forming two independent circuits, and having four terminations instead

of two. This instrument was used for estimating the conducting
power of the different metals for electricity which varies nearly in the
same order as their power of conducting heat. Now it is evident that
if two equal currents were sent in opposite directions through the two
coils of the above inxti-ument they would neutralise each other in

their action on the needle which would remain undoflected ; but if one
current were stronger than the other there would bo a corresponding

deviation of the needle. In using the instrument a small voltaic

battery ^va8 connected with it, with two wires from each pole so aa to
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divide the current into two equal portiona, one of which was trans-

mitted through one of the coils, and the other through the second

coil in an opposit-e direction. When wires of different metals were
introduced into the two circuits, a wire of inferior conducting power
would show a diminution in the current and a deflexion of the needle,

but equilibrium was restored by varying the length of one of the wires,

and by comparing the lengths of the wires thus introduced their

relative conducting powers were arrived at. With this instrument,

assisted by Wheatstone's rheostat, the conducting powers of a number
of wires of different metals were accurately ascertained.

There are various instruments with various names used for measuring,

directing, or reversing the voltaic current. Some writers do not

content themselves with so simple a word as Galvanometer ; but use

other and more recondite terms, and often so copiously that scientific

nomenclature, like diplomatic speech, seems to be intended pour cacker

la pentie. For example, an apparatus used for generating a voltaic

current is no longer called a beUtery, but a JVieo-Tootor, from jifu to flow,

and moveo to move, while the wire which conveys the current is called

the rheophore, from pta and tpopea to bear. The whole circuit is also

called the rheophonc circuit, while the instrument which detects the

existence of an electrical current is called, instead of a galvanogeope a

rheoKope, from ptu and cKowm to see. If used for measuring the

current it is not called a galvanometer but a rheometer. The little

instrmnent used for reversing the ciurents is called a rheotrope

(rptnu to turn) ; that for periodically interrupting the current is a

rheotome {rffiya to cut off); while that for maintaining the current at

any degree of force is a rheostat {trrau to stand or remain). The
reader will find these instruments described in Harris's 'Rudimentary
Treatise on Galvanism," 1856.

GAMBIR. [Tannic Acid.]

GAMBIT. [Chkss.]

GAME-LAWS were the remnant of the ancient forest-laws, under
which the killing one of the king's deer was equally penal with mur-
dering one of his subjects ; or, as Sir W. Blackstone somewhat quaintly

expresses it, " from this root has spnmg a bastard slip, known by the

name of the game-law, now arrived to and wantoning in its highest

vigour, both founded upon the same unreasonable notion of permanent
property in wild creatures, and both productive of the same tyranny to

the commons; but with this difference,—that the forest-laws esta-

blished only one mighty huirter throughout the land, the game-laws

have raised a little N imrod in every manor." Some portion of the

history of the game-laws in England will be found under Forest Laws,
and Wabben, Feke.

These laws decided what birds and beasts should be deemed
game, prohibited all persons not duly qualified by birth or estate from
killing any such prohibited creatures, or even from having them in

their poBseasion as articles SI food, and inflicted severe punishments
and penalties upon the offenders against their provisions.

By the last geaeral statute on the subject (2 Wm. IV. c. 32), game is

declared to include hares, pheasants, partridges, grouse, heath or moor
game, black game, and bustanls. Snipe, quail, landrail, woodcocks, and
conies are not game
The statute 13 Richard II. c. 13, the title of which was, " None shall

hunt but they who have a sufficient living," was the first introduction

of a qualification to kill game. This statute prohibited laymen who
had not lands or ttnementa of 40». a year, and priests who had not 10/.

a year, from taking or destroying deer, bares, or conies, upon pain of

one year's imprisonment. By 3 Jac. I. c. 13, the qualification to kill

game was increased to 40/. a year in land and 200/. in personal pro-

perty. By 22 ft 23 Car. II. c. 25, the qualification was limited to

persons who had an estate of inheritance of 1 00/. per annum or an
estate for term of life or 99 years, or upwards, of 150/. annual value.

On this Blackstone remarks, there was " fifty times the property
required to enable a man to kill a partridge as to vote for a knight of

the shire." Qualifications were also of a personal nature, as being the

son and heir-apparent of an esquire. Persons who had not these quali-

fications were not allowed to have or keep game-dogs. After repeated
discussions in and out of Parliament, by the statute 1 ft 2 Wm. IV.
c. 82, the necessity of any qualification for the killing of game was
abolished, and the right was made to depend simply on the payment of
an annual tax, called a game certificate.

Certificates were first required to be taken out by persons qualified
to kill game by the act 25 Geo. III. c. 50. The certificate itself, which
costs 3/. 13». 6d., must be taken out annually, and it expires in July.
A sjiortsman who refuses to show his certificate when demanded by
collectors of taxes, gamekeepers, landlords, occupiers, and lessees, is

liable to a penalty of 20/. Uncertified persons who kill' or take any
game, or who use any dog, gim, &c., for the purpose of searcliing for,

or killing, or taking game, are liable, on conviction before two ju.stices,

to a penalty not exceeding 5/. for each offence, witli additional penalties
under the Certificate Act of 23/. 13». 6d. Certificates are retiuired not
only to enable persons to kill game, but also woodcocks, snipes, quails,
landrails, or conies (except by the proprietors of warrens or of any
inclosed ground whatever, or by the tenant of any land, either by
himself or any person by hm direction or command).
By the statute 11 ft 12 Vict. c. 29 (1848), reciting that " it has been

found that much damage has been and is continually done by h.ires

to the produce of inclosed lands, and that great losses have thereby
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accrued and do accrue to the occupiers of such lands," power is given
to pei-sons in the actual occupation of inclosed lands, or the owners,
who have the right of killing game thereon, to take, kill, and destroy
hares themselves, or by some person authorised by them in writing,
without a game certificate. The same statute authorises persons to
course or hunt hares without a certificate.

The right which a certificate gives to kill game is subject to a num-
ber of restrictions. A certificated person is hable to a penalty of 51.,

with costs, for taking or killing game on Sunday or Christmas-day, and
to a penalty not exceeding 203. for each head of game taken or killed
at the season when the pursuit of each kind of game is prohibited.
The certificate, of course, does not confer any right to enter on land to
kill game except where there is a right by o«-nership or permission so
to enter. The certificated person is still subject to the general law of
trespass for going upon another person's Land.

The right to the game is vested, by 1 & 2 Wm. IV. c. 32, in the tenant
in all cases where it is not reserved to the landlord in his agreement
with the tenant ; but the game is generally coveted by the landlord, and
few tenants are in a situation to oppose their landlord. The consequence
is that the game is reservetl by the landlord when he lets his land ; and
when this is the case, the occupier can neither kill game nor give per-
mission to another person to do so, and he is hable, under 1 ft 2 Wm. IV.
c. 32, to a penalty of 20s., with costs, for every head of game killed by
him or other persons authorised by him. When the landlord reserves
the game, he may not only himself kill it on the tenant's land, but he
may authorise any certificated person to enter on the land and kill it.

The person who has the right of killing the game, or the occupier of
the land, or gamekeepers, or any person authorised by either of them,
may require a person found trespassing in piu^uit of game to quit the
land, and to give his name and place of abode ; and in cise of refusal,
the trespasser may be taken instantly before a magistrate, who may
fine him 51. ; but if not brought before a magistrate within twelve
hours, proceedings must be taken by summons or warrant. If five or
more persons together trespass in pursuit of game, aud any one of
them be armed with a gun, and if threats or violence are used to pre-
vent any authorised person ffom approaching them for the purpose of
requiring them to quit the land, or to tell their names and abodes,
every person so offending is liable to a penalty not exceeding 51., in
addition to any other penalty, with costs.

The law is very severe against persons not authorised, who take or
destroy game by night. By 1 ft 2 Will. IV: c. 32, " day-time " is to bo
deemed from one hour before sun-rise to one hour after sun-set. The
9 Geo. IV. c. 69, enacts, that if any person by night shall take or kill

game or rabbits on any land, or shall enter therein with gun, net,
engine, or other instrument, for the purpose, he shall, on conviction
before two justices, be committed to hard labour in the house of cor-

rection for a term not exceeding three months, and, at the expiration
of that period, find securities for twelve months, himself in 10/. and
two others in 5/. each, or one security in 10/. In case of not finding
sureties (and it is not a likely case that night-poachers should be able
to find them), the offender may be further imprisoned six months.
For a second offence the term of imprisonment is extended to six

months, the sureties are doubled, and required for a period of two
years. If the offender cannot find sureties, he may be further im-
prisoned for twelve months. The third offence was punishable with
transportation for seven years, now penal servitude, or imprisonment
with hard labour in the house of correction for a term not exceeding
two years. Offenders under this act m,iy bo apprehended on the spot
by owners and occupiers of land, their servants ,ind assistants ; and if

they assault or offer violence with gun, club, stick, or otherwise, they
are liable to penal servitude for seven years, or to be imprisoned with
hard labour for two years. The punishment for night-poaching is still

more severe when three or more persons enter any land for the purpose
of taking or destroying game or r.ibbita, armed with a gun, bludgeon,
or other offensive weapon (and sticks and stones may be oHensive
weapons) and they are subject to penal servitude for a period not ex-

ceeding fourteen years, or to imprisonment with hard labour for not
exceeding three years. In 1844 an act was passed (7 & 8 Vict. c. 29)
which extended the provisions of 9 Geo. IV. c. 69, against night-

poaching to persons who take or kill game or rabbits upon public roads

or highways, arid other roads and paths leading to enclosed gates,

and also at the gates, outlets, and openings between such lands and
roads or paths.

By s. 36 of 1 & 2 Wm. IV. c. 32, it is enacted, that if .any unauthorised

person be found by day or night on any land in search of game, and
have in his possession any game which " appears to have been recently

killed," any authorised persons, .as gamekeepers, occupiers, or others

who have the,right of killing the game, may demand such game and
seize it if not imme<liatcly delivered.

A penalty not exceeding 10/, is incurred for laying poison with
intent to destroy game (1 & 2 Wm. IV. c. 32).

If any person who is not authorised to kill game himself, or

who has not permission from a person who has such right, shall take

out of the nest or destroy the eggs of any bird of game, or of any
swan, wild duck, teal, or widgeon, or shall knowingly have in his pos-

sesion any such eggs so taken, he shall be liable on conviction to a

penalty not exceeding 6«., with costs, for each egg (1 ft 2 Wm. IV.

c. 32, S 24).
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Bj the Mt 7 ft 8 0«o. lY. e. 29, it li felony to course, huut, snare,

etrrj vnr, kill or wound, or tttempt to kill ur wouwl, any deer kept

in »ny iucIiMtxl Uud, whether for«it, chaco, or purlieu, or other place

wherein deer u iinually kept. The puiii«hinent it now [msdoI wrvitude
fur seven yearn, or impriaoniuent for two yean. If the uflence be com-
niitceil in the unindoied port of a forest, chace, &o., the penalty for

the tint olTeuco is a Bum not exceeding 50/. ; and for a aecond offence,

pt'ii;il 8cr\'itude or impriaonment.
Such are the principal legal proviaions mpeoting game which exist

at the present day. The right of appoiutwg persons called game-
kw'])era, who are, properly spniking, a game police, does not belong to

all owooiB of lands. Gamekeepers were first allowed to be appointed

by 83 ft 23 Car. II. c. 25. Before the act 1 ft 2 Wm. IV. c 32 was
pHMd, a perMm could only appoiut one gamekeeper. By this act lords

of naooni may a|>puiut ouc or more gamekeepers to preserve or kill

ne within the manor for their own use. Lords of manors may
itc any pemon to be a gamekeeper to a manor, with authority to

lull game for his own use or that of any other person named in the

deputation. The gamekeepers are authorised to seize all dogs, nets,

and other engines used for killing game l» uncertificated ponions.

Until the passing of the act 1 ft 2 Wm. IV. c. 82, no person was
allowed to sell game ; but it was made saleable by this act, as the law
was systematically evaded. A dealer in game must obtain an annual
licence &om the justices, who hold a spedal session in July for the
purpose of granting such licences. Innkeepers, victuallers, retail beer-

sellers, guards, coachmen, carriers or higglers, or persons in the employ
of any of these classes of persons, are prohibited from dealing in game.
Licensed dealers who buy game of any person not authorised to sell

it are liable to a penalty of 101. with costs. A person not being
licensed, who buys game of an unlicensed person, subjects himself to a

penalty not exceeding 51. for each head of game, with costs.

The preservation of game is an object of const.'mt solicitude to nearly

all those who belong to the landed gentry in this country. The pur-

suit of game is not only followed for the sport which it affords, but
brctuse ideas derived from the feudal times still attach a social dis-

tinction to the right of killing birds and beasts of game. Although a
property qualification has been abolished, the privilege ia still suffi-

ciently restricted to confer upon those who enjoy it a petty importance.
Within the last century game has been preserved to an excess which
was previously unknown. Most of the laws relating to game which
have been paued within this period have been made to enable game-
preservers to indulge in this taste, and to visit with greater severity

thoae who arc tempted by the abundance of game tu become poachers.

The accumulation of game in preserves, watched and guarded by
numerous keepers, has led to changes in the modes of sporting. The
sportsman of the old school was contented with a little spoil, but found
enjoyment in healthful recreation and exercise, and was aided by the
sagacity of his d<^ In the modem system of battue-shooting, the
woods and plantations are beaten by men and boys ; attendants load

the sportsnun's guns, and the game is driven within reach of gun-shot,
and many hundred heads of game are slaughtered in a few hours. The
true sportsman would as soon think of spoilinga poultry-yard. Battue-
hooting is the end of excessive same-preserving ; and in this so-called

port, members of the royal family, ministers of state, and many of the
aristocracy, eagerly participate. In an ordinary day's sport of

.
this

description, seven or eight hundred head of game may be killeid by
three or four sportsmen in about four hours, and perhaps fifty or sixty
wounded may be picked up on the following day. A couple of
gentlemen may kill nine hundred hares in one day. On a great field-

day, when the sportsmen are more numerous, the slaughter is immense.
Whole waggon-loads of hares are sent off to the London and other
great markets for sale, as the result of one day's sport.

The effect of protecting game by oppressive laws is, perhaps, more
injurious to the morals of the rural population than any other single
cause. With a densely crowded population, thousands of whom are
often pressed by hunger, and freauently in a state of the most lament-
able povertjr, the temptation to kill game is irresistible. It swarms
before the lalmurer as he returns home in the evening from his long
day of hard toil. //« does not recognise property in game. No man
ean claim an individual hare or partridge like an ox or a sheep. The
latter must be fwl at the expense of their owners ; but game is fed by
no one in particular. This man, then, who probobly would not, for all

hia pomtf, violate the laws of property in the case of poultry, and
who recognises no greater right of property in a nartridge than in a
qiUTOw, seta a snare in the haunts frequented by game near his
cottage, and is pounced upon by the kwper. When he comes out
of the jail, the unnen perfai^ dare not «nploy him, lest they should
offend Uio game-preseiveis thdr landlords. The justice and the ninil
poUce l.xik upon the jail-bird with suspicion ; and only at the beer-
shop, with men of his own stamp and character, does he feel at home.
It IS hardly necessary to sketch his further progress. In nine cases
out of ten, it b from bod to worse; and this b^use for objects of
elfish gntificatlon men have given to a binl or beast of little worth
i„ it...i. .,„ ..^y.,1

1-aIiie, and protected it by statutory regulations
1 l« many other things which are recognised aa

• . ; . . , ill ni.inkincl.

I^ls reijuiro U, be enlarged ; and aa poocbihg leads to cither crimes,
a n:ore extcoaive police is required for the protection of property.

The g^me laws are in this way a heavy burden on the oocupiera

of land.

Oame, and the game-laws, are among the greatest hindrances to the

improvement of agriculture. They not only prevent a gain, but they

oocaaioD a loss to the actual aggragAte of agricultural products.

Many landowners in their enthusiasm respecting gpune take means to

ensure its preservation which none but tenants in a wretched state of

dependence would submit to. The tenant is not allowed to use hia

best skill in the application of his own capital to the land, but is

interfered with on account of the game. This game devours the pro-

duce of the land, is fattened at the tenant's expense (compensation for

the destructiveness of game being generally futile and deceptive), and
the landlord pockets the monev which the game thus fed produces in

the market. The effect would be far leas injurious if the landlord

turned a certain proportion of his oxen and sheep to feed with those

which belong to his tenants. There are instances where the landlord

lets the game on the tenant's land to a third person, and thus gets two
rents, one for the land, and another rent for the game after it has been
fed by the farmer.

It has often been stated, that from three to five hares eat and destroy

as much as would keep one sheep. On many farms the number of

hares averages at least two per acre ; and the destruction by hares

alone is often eqAal to an additional rental of 10<. per acre on the whole
of the taim : there is, besides, the waste and destruction caused b^
rabbits, pheasants, and partridges. On some farms of 600 acres where
the game is strictly preserved, but not excessively, the loss caused by
hares will often amount to above 2001. The landlord sells the hares at

perhaps Is. 6<i. each, and pockets 75/. This is shortsightod enough,
setting aside the bad moral effect of the practice. The operations of

the poacher, if he escape detection, are in one sense beneficial to the
tenant-farmer, for the destruction of the game adds to the farmer's

profit; but if the poacher be convicted and sent to jail, then the
supjxirt of the man and his family adds to the loss which the game
occasions.

Many of the reservations and covenants in leases in relation to game
are fit only for the copyholders of a manor four or five centuries ago.

There are many &rms on which the tenants are forbidden either to
mow wheat or drill turnips. Mowing costs less than reaping, and the
tenant has besides the advantage of an extra quantity of straw for the
stock and for manure ; but then the groimd is left too bare to shelter

the partridges, and therefore the scythe must not be used, nor any
other instrument which cuts lower than twelve inches. Drilling

turnijis is now an essential operation in all good systems of farming

;

but though it gives a much greater weight of roots per acre, it

encourages the birds to run, and spoils sport. In some districts, where
game is preserved with great strictness, a farmer is not allowed to sow
winter tares. To drain land where rabbits are kept would be a waste
of property. Legislation cannot produce any improvement in this

state of things. It arises from the dependent condition of the great

majority of the tenant-farmers ; and if a Ltw were ]Kis8od which gave
them the right to kill the game on their lau>ls, it would be of no
advantage to them. The gamekeepers and other retainers of the great

and small game-preservers are spies on the tenant, and in the intense

competition for farms he dare not contravene the wishes of his

landlord. Public opinion may and does produce some effect on
the landlord's exercise of his power, but this is confined to isolated

cases.

The administration of the game-laws in England ia in the hands of

persons who are either game-preservers themselves, or who, generally.

e]ieaking, are not unfavourable to the system, and hence the rigour

with which offences against the law are vudted. Before the act 1 & 2
Wm. IV. a 82 was passed, penalties for infractions of the game-laws
could bo recovered before one justice ; but now conviction can only

take place before two justices, .-md an appeal lies to the quarter-

sessions, but a certiorari is not allowed.

The number of certificates taken out annually to kill game is about
80,000 in Qreat Britain, and the number of licences to sell game
about 800.

In other cotmtries, as well as in England, dune-laws have been an
instrument of oppression. In France before the first Revolution there

were edicts for preserving game which "prohiliited weeding and
hoeing, lest the young iiartriages should bo distiirlxKl ; ntecpiiig seed,

lest it should injure the game ; manuring with night-soil, lest the

flavour of the partridges should be injured by feeding on the com so

produced ; mowing luiy, &c. before a certain time, so late as to spoil

many crops, and taking away the stublilo which would deprive the

birds of shelter." (' Arthur young's Travels in FVance in 1787-88-89.')

The tyranny of the manorial courts rendered it hopeless to escape

from this oppressive system. Tlie Constituent Assembly abolished

this exclusive " droit do b chasse " which the seigneurs arrogated to

themselves. A stringent game-law has nevertheless been since enacted

in France.

OAMINQ, or GAMBLING, is an amusement,—or we might pro-

perly call it a vice,—which has always been common in all civilised

countries and among all classes, but more jarticiilarly the rich and
those who liave no regular occupolion. But a p.i8gion for g.uning is

not confined to the natiouH callerl civiliwil : wherever men have much
leisure time and no pursuit which will occupy the mind .-md stimulate
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It to active exertion, the excitement of gaming, which is nothing more
than the mixed pleasure and pain arising from the alternations of hope

and fear, success and failure, is a necessity which all men feel, though

in different degrees according to the difference of temperament. The
Germans, says Tacitus, stake their own persons, and the loser will go
into voluntary slavery, and suffer himself to be bound and sold, though

stronger than his antagonist ; and many savage nations at the present

day are notoriously addicted to gambling.

Gaming (alea) among the Romans was played with dice. The
earliest enactment against it is referred to by Plautus and Cicero ; but

it is not certain what the penalty was. Under the later republic and
the empire gaming was a common vice, but it was considered to be
disreputable. The little that is known of the penalties against gaming
is contained in the Digest (11, tit. 5) and the code of Justinian (iii.

tit. 43). The prsetor in this, as in many like cases, placed the encou-

rager of gaming under disabilities. If a man lent his house for gaming,
and, while the gaming was going on there, was beaten or had anything

stolen from his house, the pnctor refused him all remedy. A senatus-

cousultum, the name and time of which are not mentioned, prohibited

all pLiying for money, except the stake was made upon the five athletic

exercises enumerated, and, as we miuit infer, by the persons who joined

in the exercises. If a slave, or a son in the power of his father, lost

money at gaming, the father or owner of the slave might recover it.

If a slave won money, there might be an action for it against the

master ; but the demand against the master could not exceed the

amount of the slave's peculium,—that is, the property which the slave

held as his own, according to Roman custom, with the permission of

his master. The pnctor's edict also allowed an action against parents

aad patrons in respect of money lost (to children or the patrons' freed-

men, as we must understand it). Justinian made several constitutions

against gaming. A man who lost money at gaming was not bound to

pay it ; and if he did pay, it could be recovered by him or his succes-

sors (in the Roman sense) from the winner or his heredes any time

within thirty years. If they did not choose to recover it, the father or

defender (defensor) of the town in which the money was lost might
recover it, or any other person might. The money, when recovered,

was Lid out for public purposes. Gamblers were also liable to a fine.

Spiritual persons who violated the gaming laws, or were present at

gambling, were suspended for three years and confined in a monastery.

('NoveU.'123,c. 10.)

In England, gaming was very early the subject of penal enactments,

but as a proof how futile legislative measures may be, we need only

mention, and we do so without fear of contradiction, that there are, or

at least were, until recently, more of those infamous places of resort,

appropriately denominated " hells " in London, than in any other city

in the world. The handsome gas lamp and the green or red baize

door at the end of the passage (as well known a sign as the Golden
Cross or Spread Eagle) were recently conspicuous objecta in the
vicinity of St. James's, ajid of St. George's, Hanover Square.

It appears that the playing at cards, dice, &c., was not punishable at

common law ; and an action might be maintained at law for money
won at play ; for the contract was not void in itself, and the winner's

venturing his money was a sufficient consideration to entitle him to

the action.

But if a person was guilty of cheating, as by playing with false dice,

cards, &c., he might be indicted for it at common law and punished by
fine or imprisonment ('2 Bac. Abr. 620), All common gaming-houses
were nuisances in consideration of law. By the statute of 33 Hen.
VIIL, c. 9, " no person shall for his gain, lucre, or living, keep any
common house, alley, or place of bowling, coyting, cloyth, cayls, half-

bowl, tennis, dicing-table, carding, or any unlawful game, then or there-

after to be used, on pain of forfeiting 40». a day ;
" and the same

statute enacted that every person haunting and using the said houses,

and playing, shall forfeit 6*. id.

By 16 Charles IL c. 7, any person who won any sum of money by
fraud, cosenage, or deceit, was to forfeit treble the value won. Under
the statute 8 4 9 Vict. c. 109, repealing the statute of Henry VIII. so
far as relates to the prohibition of games of skill therein mentioned,
together with the statutes of Charles II., and Anne, and several
others, cheating at play is punished as obtaining money under false

pretences.

By 9 Anne, c. 14, any person who " at any one time or titling, by play-
ing at cards, dice, or other game viltatioever, or by betting on the sides
of such as do play," lott to any one or more persons, in the whole the
sum or value of lOt, and paid the same or any part thereof, might
withjn three months sue for and recover the same in any court of
record, and after three months any other person might sue for and
recover the same and treble the value thereof, with costs of suit. It
is curious that gambling in the palace where the sovereign is residing
for the time being is excepted from the statute of Anne.
An act 5 & 6 \Vm. IV., c. 41, repealing several old statutes, altered

the law reliting to securities given for gaming transactions. It enacts
that in case any person shall make, draw, or execute, any note, bill, or
mortgage for a gaming, debt, and shall actually pay to any indorsee,
holder, or assignee of such note, bill, or mortgage, the sum thereby
secured or any part thereof, such money shall be deemed to be paid on
account of uie person to whom such note, bill, or mortgage was
originally given (upon tbe illegal consideration), and shall be deemed

to be a debt due from such last-mentioned person to the person who
shall so have paid such money, and shall be recoverable by action at
law in any court of record.

The acts 8 & 9 Vict. c. 109, and 17 & IS Vict. o. 38, greatly facilitate

proceedings against any common gaming-house. The first mentioned
statute enacts that in default of other evidence it shall be sufficient

to prove that a house or place is kept or used for playing therein at
any imlawful game, and that a bank is kept there by one or more of
the players exclusively of the others, or that the chances of any game
played therein are not alike favourable to all the players, including
among the players the banker or other person by whom the game is

managed, or against whom the other players stake, play, or bet ; and
every such house or place shall be deemed a common gaming-house.
It is not necessary under this act to prove that any person found
playing at any game was playing for any money, wager, or stake. The
act dispenses with the necessity of obtaining the allegation of two
householders that any house is a common gaming-house ; and empowers
justices of the peace in places beyond the metropoUtan police district,

to authorise constiibles, and commissioners of police, within such dis-

trict, to authorise superintendents by a written order to enter any
suspected house or room with constables, and, if necessaiy, to use
force for the purpose of effecting such entry, whether by breaking open
doors or otherwise, and to take into custody all persons who shall be
found therein, and to seize and destroy all tables and instruments of

gaming found in such house or premises, and also to seize all money
and securities for money found therein. If any cards, dice, balls,

counters, tables, or other instruments of gaming used in playing any
unlawful game be found in any house or room which the police have
entered as a suspected gaming-house, or about the person of any of

those who shall be found therein, it is evidence, until the contrary be
made to appear, that such house or room is used as a common gaming-
house, and that the persons found in the room where such instruments
of gaining shall have been found, were playing therein, although no
playing was actually going on in the presence of those who ma<le the
entry. Before this act was passed, persons found in a gaming-house
could not be searched ; and proof of play was necessary before entry.
Notwithstanding this act, the keepers of gaming-houses contrived by
fortifying the entrances, and by other means, to keep out the officers

of justice until the instruments of gaming were removed or destroyed,
so that no suflBcient evidence could be obtained to convict the ofleuders.

To render the law more efficient in this and other respects, the act
17 & 18 Vict. c. 38, was passed (1854), by which penalties and im-
prisonment was imposed on persons obstructing the duty of constables,

and obstructing their entry made evidence of the house being a common
gaming-house. Persons who have been concerned in unlawful gaming
and who give evidence on the trial of any owner or keeper or person
who has had the management of a common gaming-house, may obtain
a certificate from the magistrate or judge of the court, which frees

them from all criminal prosecutions, penalties, &c.
The punishment which may be inflicted on gaming-house keepers

is, a penalty not exceeding 5001., or imprisonment with or without
hard labour for a term not exceeding twelve months.
By 8 4 9 Vict. c. 109, public billiard and bagatelle boards are not to

be kept without a licence, and the places where they are kept may be
visited at any time by constables and officers of police ; and such places

are to be closed entirely on Sundays, and on other days at midnight,
except Saturday, when the hour of closing is fixed at eleven o'clock.

Gambhng is nevertheless carried gn in the metropolis at those places
where billiard-tables are kept, at public-houses, and also at cigar-shops.

The evidence taken before the select committiees on gaming in 1844,
contains a mass of information on the subject of gaming and gambUng
both in London and elsewhere.

In England, before the passing of 8 4 9 Vict. c. 1 09, the law con-
sidered wagers in general as legal contracts, and the winner of a wager
could enforce his claim in a court of law. The exceptions to this rule
were, where the wager was an incitement to a breach of the peace or
to immorahty; where it affected the feelings or interests of third
persons, or exposed them to ridicule or inconvenience ; op where it was
against sound policy or prohibited by statutory enactment In ca.ses

not comprehended within the above exceptions, the judges frequently
refused to try actions respecting wagers, when they considered the
matter to be of a frivolous or of an improper nature.

In Scotland the courts followed an opposite rule to that which
prevailed in England. They held that " they were instituted to try

adverse rights, and not to determine silly or impertinent doubts or

inquiries of persons not interested in the matters in question ;
" and

they decided " that their proper functions are to enforce the rights of

parties arising out of serious transactions, and not to pay regard to

SpomioTKt ludicrce."

The provisions of the statute of Anne, so far as they applied to bets

exceeding 1 01., was so much a dead letter, that its existence appears to

have been almost forgotten, until in 1843 a number of actions were
brought by common informers against several noblemen and gentlemen
who had violated the law by betting sums of more than 101. on horse-

races. A bill was brought in for the relief of these persons, an<l was

i-apidly pa.ssed through its several stages. Select committees were

appointed in both Houses of Parliament to inquire into the laws

respecting gaming, and another act (7 Vict. c. 7) was passed to indemnify
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witncam implieatod in giming tnuiasotioiu who ahouM give evideuco

balofc Uieae oommittoet.

Tho conunittae of tlia Hotuaof Commons, in 1844,od gauiing, recum-
nictided that " wagaring in general ahuuld be free and subject to no
penalty;" and thqralaa ezpreased an opinion in iarour of the law
of Ennaod being awrimilited to that of Srotland. '

In the >e«iaa of 1845 the act 8 and 9 Vict. c. 109 waa paaMd, which
•naeta " That all contracts or agreements, whether by parole or in

writing, by way of gaming or wagering, shall bo null and void ; and
that no suit shall be brought or maintained in any court of law or

equity for recovering any sum of money or valuable thing alleged to

be won upon any wager, or which shall have been deposited in the
hands of any person to'abide the event on which any wager shall have
been made : provided always, that this enactment shall not be deemed
to apply to any subacription or contribution, or agreement to subectibe

or contribute, for or toward any plate, prize, or sum of money to be
awarded to the winner or winners of any lawful game, sport, pastime,

or exercise."

The act 8 & 9 Vict. c. 109 repealed those parts of 9 Anne c 14, and
18 Geo. II. c. S4, which rendered it illegal to win or lose any sum
exceeding lOL at play'or by betting. '

Bv 5 Geo. IV.', c. 83, persons betting, &c. in any street or open and
public place, are punishable summarily as rogiies and vagabonds.
By uie 10 & 11 William III. c. 17, lotteries were declared public

nuisances, and by several subsequent acts they have been prohibited
under various penalties. '

The act 7 Geo. II." c. 8, which was made perpetual by 10 Geo. II.

c. 8, entitled " An Act to prevent the infamous practice of stock-
jobbing," is violated hourly on the London Stock-Exchange by the
ptactice of time-bargains.

The acts 19 Geo. 11. c. 37, and 14 Geo III. c. 48, are intended to
prevent transactions of the nature of gaming or wagering on policies of
marine and life insurance.

•

It was enacted by the 13 Geo. IL c. 19, that no horse-race should be
nm for any prize of less than 60/. in value ; and any wager on a horse-
race made illegal by this statute waa illegal also ; but this provision
was repealed by the 3 & 4 Vict, c, 5. The effect of the repeal of the
provisions of this statute, and of the 88 Hen. VIII. c. 9, combined with
the exception in the 8 & 9 Vict. c. 109,was to place all bargains relating
to horse-racing on the same footing as other contracts. No sooner,
however, were contracts as to horse-racing legalised, than a great
number of petty gaming-houses sprung up, under the name of " betting-

offices." The demoralisation which was found to be the immediate
result called for the interference of the legislature, and the stat.

16 & 17 Vict, c 119 was accordingly passed, expressly for the sup-
pression of these haunts of vice.

It may be observed that, under tho Bankrupt Laws, a bankrupt is

not entitled to a certificate, or the certificate if granted is void, if he
has lost 201. in ouo day, or 200/. in a year, by any sort of gaming pr
wagering. (Kerr's ' Blockstone.')

In France, and many other pai-ta of tho Continent, tho government
not only allowed, but derived a considerable revenue from games of
chance. In Paris, the cxclutlve right of keeping public gaming-houses
was, until the year 1838, let out to one company, who paid an annual
um of 6,000,000 francs (about 240,000t) for the privilege. They kept
six houses, namely, Froscati's, the Salons, and four in the Palais RoyaL
In a trial in Paris, it came out in the course of the evidence, that the
dear profit for 1837, exclusive of the duty, had been 1,900,000 francs
(76,000t), of which three-fourths was paid to the city of Paris, leaving
the leasee 1 9,000/. for his own share.' The average number of players per
day was stated at 8000, and about 1000 more were refused admittance.
The games played wore chiefly Roulette and Rouge-et-Noir, of which
tha latter is the favourite. It is very seldom that large sums are
staked at the former, as the chances against the player are considered
immense by profeaional men, a class of gentlemen who are gamblers
by profession. Rouge-et-Moir is played with four packs of cards, and
the " couleur " which is nearest 81 wins ; the black being dealt for
first, and then the red. AU the houses were open from one o'clock in
tha afternoon till one or two after midnight; and latterly till five or
six in the morning. The highest play,' especially at Fri\scati's, was
carried on between three and six in the afternoon. Ten or twelve
thousand francs were constantly lost at a sitting, and once 100,000
francs, which constituted the " Banque " of the day, was won by a
French nobleman. The actual chance of the table or " Banque is

considered to be 7 ( per cent above that of the player, BU]>po8ing the
gime to be fairly played, as it no doubt was in Paris under the old
system ; tha caMs being examined and stamped by the government,
and there being an agent of tho police always present and rca<ly to
detect any attempted fraud on the part of the comiiany. But admitting
the game to be fairly pbyed, the coolness of the " croupiers " or dealers,
who had no interest at stake—the whole of the losses or gains being
taken by the company,—.ind the large capital of the latter, made it

absolutely impossible for the pkyer to win in the long ruu ; n,iy, it is

clear that he must lose, and that in proportion to his stiki', which
probably is reguUted by his means. This wo have heard iidiiiittcd by
tha mMt constant frequenter* of those houses; and nevertheless,
under the influence of those causes which first lead men to gaming,
confirmed by habit and example, they still continue to indulge thcnr

passion till they are reduced to beggary, which is often followed by
suicide.

That a vice which causes so much wrutchcilncss should not merely
be permitted and the practice of it superintended by the government,
but that it should contribute considerably to the public revenue, was
a subject of loud complaint in France ; and at lost the ministers, in

compliance with the desire of the Chamber of Deputies, doterminetl to

grant no mora licences after the Ist of January, 1838.

In most parts of Germany gaming is allowed ; and the magnificent

saloons set apart for roulette and rouge-et-noir at Baden, WiesbMen, and
other German w&tering-plaoes, are well known to Knglish travellers on
the Continent. The respective sovereigns of the states in which these

fashionable gaming-plaoes exist derive an immense revenue by letting

the exclusive privilege of keeping gaming ostablishniimts ; and we may
frequently see the grand-duke or prince' playing at the table of his

lessee, and losing a considerable portion of what he receives for

granting the privUege.

In Italy and Spain gambling is a very common vice, especially

among the lower orders, and you scarcely can find a muleteer, porter,

or shoe-black, who has not a pack of dirty cards in his pocket, which
he pulls out whenever he has a moment's leisure ; and should he not
be lucky enough to fiud a partner who will risk his money against

him, he mil frequently give a boy a trifle to play with him.
In the United States of America, but more particularly in the

Southern States, the practice of gambling is very common, though
restrained, as we believe, in all the States by legislative enactments.

The following abstracts of the laws relating to gaming in different

countries were prepared by J. H. Ludlow, Esq., and were laid before

the Select' Committee of Uie House of Commons on gaming, by H.
Bellunden Ker, Esq. :

—

By the French law, as it stood before the Revolution, minors alone
could recover their losses at play ; but no winnings could bo sued for

except in the case of warlike sports ; when not excessive, games of

strength and skill were permitted, games of mere chance absolutely

forbidden.

The Code Franjais allows an action for money won at games of
strength and skill, when the amount is not excessive ; but money paid
can never be recovered, unless on the ground of fraud. The keepers of

gaming-houses, their managers or agents, are punishable with line (100
to 6000 francs), and imprisonment (two to six months), and may be
deprived of most of their civil rights. A trifling fine is imposed on
those who set up lotteries, or games of chance in public places ; the
furniture, implements, &c. are in all cases to be seized.

By the Prussian Code all gomes of chance, except when licensed by
the state, are prohibited. Gaming debts ore not the subject of action

;

but money paid cannot be sued for by the loser. Wagers give a right

of action when the stakes are constituted in cosh in the hands of a
third person ; they are void when tho winner hod a knowledge of the
event, and cdhcealed it. Money lent for gambling or betting purposes,
or to pay gambling or betting debts, cannot be sued for. Gaming-
house keepers .iro punishable with fine, professed g:«mblers with
banishment ; and if they break the ban, by imprisonment. Occasional
cheating at pliiy obliges to compensation ;

profcsxcd swindlers at play
are punishable as for theft, and banished afterwards. Money won
from a drunken man, if to a considerable amount, must be returned,
and a fine paid of equal value.

In Austria no right of action is given either to winner or loser. All
games of chance are prohibited, except when licensed by the state.

Cheating at play is punishable with imprisonment, according to the
amount of fraudulent gain. Playing at unlawfid games, or allowing
such to take place in one's house, subjects the party to a heavy fine,

or in default to imprisonment.
The provisions of the Sardinian civil code are similar to those of the

French, giving an action for money won at games of strength or skill,

when not excessive in amount ; but not allon-ing the recovery of money
lost, except on the ground of fraud or minority (a provision taken
from the old French law).

The Bavarian code is somewhat sijccial in its provisions ; it distin-

guishes between gomes of pure skill, and mixed skill and chance on tho
one hand, and games of mere chance on the other. In the two former,

money honestly won, and not excessive in amount, may be LtwfuUy
claime<l, and money lost cannot be recovered ; but with respect to

fraudulent or excessive coming, and also as to all g.%uie8 of mere chance,

the winner may be called ujwn to rci>ay liis gains, and is Uoble,

together with the loser (except as to the latter, in the case of fraud),

to a penalty of varying amount. Gaming-house keepers and professed

gamblers are subjected to various penalties. Distinctions are also

taken as to wagers, which are only void for fraud or immoroUty, but
the amount of which is liable to be reduced, if excessive. When
money lost at play is proved to have been the property of some other

person than the player, the true owner may recover it.

Wagers also appear to be lawful in Spain, when not in themselves

fraudulent or relating to anything unlawful or immoi-al. (Johnson's
' Institutes of the Civil Law of Spain,' p. 242.)

OAHMUT, in Music, signifies, in the ]>opular sense of the word, tho

diatonic teak, as named either by the seven first letters of the alphabet,

or by the syllables used in solmisation, that is, do, re, mi, fa, id, la,

ti. [UuTONic ScAl,£.J And occasionally the term is appUed to a single
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note—the O below the base clef. The word is compounded of the

name of the third letter in the Greek alphabet, r (gamma), the final

vowel being cut off, with the syllable ut added. In the 11th century

the ancient scale was extended by the addition of a note below that

sound which the Greeks called proalamhanomenos (that is, super-

numerarj'), the latter answering to our A, the first space of the base

staff, and the note was called Gamm'-ut,—that i», o ut, or a do.

The invention of the gammut in its antiquated form is generally

ascribed to Guido d'Arezzo, but it now seems nearly certain that in

part, if not wholly, it existed much earher than his period. It long

continued in use, and was one of the many stumbUng-blocks in the

path of musical students. Happily Uttle more than the name remains

;

it is therefore unnecessary for us to enter further into the subject.

GAOL. [Prison ; Penal Servitude.]
GAOL DELIVERY. The commission of gaol dehvery is directed

to the justices of assize of each circuit, the Serjeants and queen's

counsel attending that circuit, the clerk of the assize, and the judges'

associate. It is a patent in the nature of a letter from the sovereign,

constituting them his justices, and commanding them, four, three, or

two of them, (of which number there must be one at least of the

judges and others specified) to dehver his gaol at a particular town of

the prisoners in it ; it also informs them that the sheriff is commanded
to bring the prisoners and their attachments before them at a day to

be named by the commissioners themselves. Under this commission
the judges may proceed upon any indictment of felony or tresjxisB

fomid before other justices against any person in the prison mentioned

in their commission and not 'determined, in which respect their

authority differs from that of justices of oyer and terminer, who can

proceed only upon indictment found before themselves. (2 Hale, P. C.)

[Assize.]

Anciently it was the course to issue special writs of gaol delivery for

each prisoner, but this being found inconvenient and oppressive, a

general commission has long been established in their stead. (4 BL
'Com.;" Hawk, P. C.)

GARANCLN. [Madder, coltmringmaitertof.}

GARDEN. A garden, as distinguished from a farm, is a piece of

ground designed for the cultivation of plants not actually indispensable

to man for food. While com for flour, various roots and herbs for the

sustenance of cattle, or tracts of pasture land on which animals destined

for slaughter are maintained, constitute the essential features of a farm

;

a garden, even when exclusively occupied by culinary vegetables, is

still a source of objects of luxury, not of fint necessity. In a more
extended sense, and as it usually exists at the present day, it is chiefly

intended to gratify the senses and to minister to the more refined

enjoyments of social life.

The possession of a garden is one of the most early indications of

civilisation in man, and it is only among the most brutal and degraded
races of savages that it is altogether unknown ; while we find such an
appendage to a dwelling increased in magnificence, or diminished and
neglected, with the prosperity or decline of the most mighty states.

It is Lord Bacon who says that " when ages do grow to civiUty and
elegancy, men come to build stately sooner than to garden finely, as if

gardening were the greater perfection."

According to Sir John Malcolm, the Persians had gardens from the

period of their first king Mahabad. We learn from Xenophon that

Cyrus considered them an indispensable appendage of his residences.
" Wherever he resides, or whatever place he visits in his dominions, he
takes care that the paradises shall be filled with all that is beautiful

and useful which the soil can produce." (' Cyropaed.' v.) And it

appears upon the testimony of Pliny and other Roman authors, that

among the same people small gardens existed, in which trees were
arranged in straight lines and regidar figures, the margins of the walks
being planted witj^ tufts of roses, violets, and other odoriferous flowering
plants, while the trees consisted of kinds grateful for their fragrance,

as the cypress and the pine, or agreeable fur their shade, as the plane
and the common elm. The Greeks, in their most flourishing times,
appear to have been equally attached to the formation of gardeuj, and
even, in some resfiects, to the nicer parts of the art of gardening. The
Oriental narcissus, violet, ivy, and rose, are mentioned as their favourite
flowers, and terebiuthinous trees as those which were chiefly valued for
their fragrance. The rich and polished Athenians are represented by
Mr. Meason as having borrowed their gardening from Asia Minor.
Myrtles and roses, the box and the lime-tree, were planted for clipping
into artificial forms, while flowers and fruits were cultivated in the
winter, and the violet was in profusion in the Athenian marketa when
mow,was lying on the ground.

Theophrastus himself not only gives directions for gardening ope-
rations, many of which were fanciful enough, such as sowing rue with
chips of fig-wood, and pulling up esculents by way of making them
more tender, instead of cutting them ; but he had a garden of his own
which he left to ten of his friends to be preservetl as a place of pubUc
resort for those who employed their leisure in letters and philosophy.
(Diogen. Laert., v. 53.) The instances of the kings Attalua I'hilometor
[Attalos, in Bioo. Div.] and Mithridates, who cultivated all sorts of
])oisunaus planto in their gardens, are perhaiw the earliest upon record
of such places being occupied for medical purposes.

It is not to be supposed that gardens were neglected by the luxurious
and wealthy Romans. The prodigious gardens of Luciillus, who intro-

duced the cherry, the peach, and the apricot from the Persians, were
derided by his Roman friends for their extraordinary sumptuosity. They
are related to have consisted of immense artificial towers, large sheets
of water, gigantic edifices jutting into the sea, and mountains raised

•

where no hill had existed before. Such an example might be ridiculed
by some, but was certain to be followed by others whose taate for
splendour and profusion w.as supported by unbounded wealth • and
accordingly, the gardens of Sallust, of the emperors Nero and Hadrian,
and of many of their subjects, are doubtless to be classed in the same
order as those of Lucullus. It is, however, to be remembered, that
such gardens were rather more similar to an English park and garden
combined than to a mere garden, in the modern sense of the word and
moreover were so uncommon as to be looked upon with wonder by the
people among whom they were created. A common Roman garden
must have been a very different place, if we are to take the desiriptiou
given by Virgil (' Georgic.,' iv. 121) as at all a faithful sketch ; for
he speaks of nothing but endive (intyba), celery (apium), melons?
(cucumip), narcissi, acanthus, roses, ivy, and myrtles. That they had
various trees bearing fruit, as well as the common wild timber of the
country, and many different kinds of flowers, must of course be
admitted ; but that all gardens, up to the most flourishing period of
the Roman empire, must have been much alike as regards the plants
they contained, is manifest from the fact that hardly more than seventy
plants of all descriptions are noticed by this poet, although he wrote
professedly upon rural affsiirs. It is true that the Romans carried their
passion fur flowers so far that it became necessary to restrain it by
sumptuary laws, and that cases of extreme profusion in the use of
them are mentioned by historians. The institution of Floralia, or
flower-feasts, the imiversal passion for garLinds, the reproaches
addressed by Cicero to Verres for having made the tour of Sicily
in a Utter, seated on roses and decked with festoons of flowers, are a
suflicient evidence of this taste having been carried to an extent
unknown at the present day; to say nothing of the prodigality or
HeUogabalus, or of Cleopatra, the latter of whom is said by Athenajus
to have paid upwards of 200/. (an Egyptian talent) for roses expended
at one supper. But notwithstanding this, the variety of plants that
were cultivated in the gardens of both Greeks and Romans must have
been extremely small. Theophrastus speaks only of roses, gillyflowers,
violets, narcissi, and iris, as used for decoration, to which the larkspur
and gladiolus (hyaciuthus), with the white lily, and a few others, may
be added. The great object of their admiration was roses, which were
forced by plates of talc (said to have been as much as five feet long

;

but it is more probable that these specidaria were sashes five feet long,
glazed with talc) being placed over bushes watered with warm water.
Pliny, in his ' Natural History,' does nut enumerate above 1000 plants
of all descriptions,—a very small part of which were objects of culti-
vation. At the fall of the Roman empire the following apj>ear, from
Mr. Loudon's statement, to have been the principal garden plants,
exclusive of common trees and flowers. 1. Oulinary plants

:

— peas,
beans, vetches, lentils, kiiUiey-beans, gourds, cucumbers, melons, cab-
bages of many sorts, turnips, carrots, parsnips, beet, skirret, radishes,
sorrel, asparagus, onion, garhc, and other alliaceous plants, endive,
lettuce, succory, mustard, and other salads, jjarsley, celery, orach,
alexanders, elecampane, fennel, chervil, and some others. 2. I'ruita

:

fig, almond, citron, peach, pomegranate, apricot, plums, and cherries

;

twenty-two sorts of apples, thirty-six sorts of pears, services, quinces,
and medlars ; many kind of grapes, mulberries, nuts, walnuts, chesnuts,
stone-pines, or pignons, olives, and carobs. They forced flowers with
sashes of talc, as has already been noticed, and also cucumbers ; it is

probable that they extended this practice even to fruits.

With the fall of the Roman empire the art of gardening seems to
have been lost, and it was not till a lung time after that gardens are
again heard of. It was among the monks that the arts of cultivation
were preserved, and in connection with monastic institutions gardens
again became matter of history. In these religioirs institutions, which
were in many respects the only sjwts where the arts of peace could
find shelter during ages of rapine and violence, gardens continued to
be cherished; and although the ignorance of the monks prevented
their being rendered so useful as they might have been, yet, on the
other hand, their sacred protection opposed an eUectual barrier to the
wild progress of destruction.

Among his many reformations, the re-establishment of gardens
formed part of the pohcy of the emperor Charlemagne, who iirtroduced
the subject into his capitularies, commanding gardens to be formed
throughout his dominions, and prescribing the very plants wliich were
to be cultivated therein : and considering the state of learning in those
days, it must be admitted that the li^t, short as it is, was prepared
with good judgment; for it was made to contain the' most useful
plants then known for diet or medicine, as well as the favourite orna-

mental flowers of the Romans. ' The reader of the present day may be
amused at the hst of what was thought' in the 8th century deserving
of an intperial edict, .at a time when no one had heard of a garden
except within the walls of a castle or a monastery {ii'alafndi ISti-aOi

llurliiU-i) ;— Ruses, lilies, fenugreek, costmary (Uoctus), sago, rue,

southernwood, melons, gourds (Cucurbitce), water melons (Peponea),

kidney beans, cummin, rosemary, caroway, lentils, squills (?), gladiolus,

tarragon, cucumbers {Coloquintida) , hehotrope, {Aitimi majus, Siain

awjuttifulium), lettuce, nigella sativa, rocket (iiruca), nastmtium, dock.
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tlgsutien, panley, oeleiy, aaTin, fannel, dittany, woodmint, watermiiit,

oiitmint, centaury, beet, mmh mallows, carrot, orach (Adripia), kubl

(abi, cbivt«, radijies, ooioDs, madder, beana, obervil, clary, lova^,

am^c. cuuoory, mustard, asTOfy, mint, tansy, poppy, swrsliaors , bolly-

).amup, blite, cabbace, leeks, rocambole, garlic, teasel, peas,

. I La latbyria {Latltnda), houseleek. From this proceeding of

t'turk-magoe the reviTal of garians may be said to date, for althoiigU

there are few direct traoea of their existwioe for some centuries,

yet there is no reason whaterer to suppose that they were ever

sgain lort B(^t of. In the 14th century we find Mattlueus Sylva-

tious, a Hantuan physician, speaking of his own garden, and of a

Colocaaia cultiTstwl in his greenhouse on the edge of a beautiful

fountain, and of a plant called Cantalis, supposed to be Athsmanta
cretensis, which he says be brought out of Greece and planted in

bis garden. (' Pandect,' o. 197, 133.) It was however in Italy

that the formation of gardens received a fresh impulse. Alfuuso

d'Este, duke of Ferroia, is recorded to have founded several botanic

gardens in the 16th century, and especially one called Belvedere,

surrounded by the water of the Po. The example was followed by
several nobles of Ferrara; John Brassvolo, the uncle of the botanist

Musa Brasavolo, had a viridarium or greenhouse ; another noble, of

the name of Acciajuoli, had many rare plants in his garden ; and the
collections of this city, augmented snnually by the commerce of its

merchants with Greece and Asia, became su rich in new exotic plants

as to become celebrated all over Europe. The Ferrara gardens were
soon rivalled by those of the Venetians and Paduana, one of whom,
Qaspard de Gabridus, is said to have spared no expense to enrich bis

garden, not with costly edi6ces and vast ambitectural embellishments,
but with plants before unknown. (Spreng. ' de K. U.' iv. c. 3.) The
greatest and earliest garden however of this era is generally considered
to have been that founded at Pisa, in 1S44, by Oiemo de' Modici, on
the banks of the Amo ; which by the year 1555 bad become so rich in

plants by the exertions of Lucas Ghini and bis successor Cojaalpinus,

as to have been the admiration of Belon, no mean judge. Ualler
indeed is of opinion that a greenhouse built by the bishop of Acquapen-
dente dates from the year 1533, but this ia at variance with the state-

ment of Tiraboschi, who fixes the election in the year 1545. Be this

as it may, it is at least certain that about this period a public garden
was formed at-Bologna, others at Lucca, Naples, and Florence; and
that at Verona one Cicsar Niclesola bad two large greenhouses in which
some very rare plants were preserved. (Pona, ' It. Bald.' p. 9.)

At this time Paris possessed no garden for its university ; that of
Montpcllicr had, however, been founded by Henri IV., and contained
before the end of the 16th century upwards of 1300 French, Alpine,
and Pyrenean plants, accordingto01ivierdeSevrc8('Trait^d'Agricult.,'
1600), and a famous garden had been created at Hans by Rcnato
Bellaye, bishop of that city. In Germany too, the garden of Brealau,
to which Tragus and Fuchs were attached, of Basel, Strasburg, and
other places, were at this time in existence, and the since celebrated
garden at Leyden had been founded in 1577, at the instance of Gerard
Bontius.

The principal part of these establishments were founded for
academical purposes ; when they were formed for private gratiiication

their owners must be considered very much in advance of their times,
if we are to form an opinion from the state of private gardening in
this country at the same period. Here the only purpose contem-
plated in the furmation of a garden appears to have been an en-
closed place in which the owner might walk in seclusion, or in which
sport might be had with contrivances like mazes ami labyrinths
formed of doae-cut hedges; a few fruit-trees were added; but no
such object as that entertained by the refined Italians, of collecting
tare and beautiful pUnts from foreign cpuntriea for pleasure or for
adentific purposes, was thought of. In the gardens of Nonesuch,
the palace of Henry VIII., executed i^ut the year 1540, we bear of
faaay walks, columns and pyramids of marble, " fountains that spout
water one round the other like a pyramid, upon which are perched
malt birds that stream water out of their bills," and of similar
objects, but nothing of the more essential part of a garden—its

plants. Plisisure-grounds of this description had existed in England
from the time of the Conqueror. It is stated by Fitzstephcn

;

that in the time of Henry 11.(1154—1189) the citizens of London
ha<l large and beautiful gardens to their villas. In the reign of
Edwsrd I. (1272—1307) it may be collected from ' Holinshed's
Chronicle,' tbat the cultivation of the garden was extended to the
more curious and delicate productions; but the wars of York and
Lancaster destroyed all these occupations, and gudens in general
ceased to !« nmro than pleasure-grounds or kitchen-gudens of the
nidsM kind till the time of Elizabeth. King James I. of Scotland
describes the garden at Windsor Castle, where be was confine<l by
Heiiiy v., as a place set thick with trees, and alleys of hawthorn
hedges, with an arbour in each comer,

—

" And BijrddU every bcrbore night be Maw
Tb* Mharp gntn awet* imtifen."^7Tu Quair.

Much Uter (1512) the great Earl of Northumberland, whose house-
bold consisted of 160 |>vr8ons, bad but one gardener, who attended
hourly in the garden " fur setting of crbis and clipping of kDottis, and
weeping the said garden clean." Nay, it should seem as if sometimes

there was nut even one ; for among the workmen of the household is

mentioned the gardener of the place where my lord lyvth, / then bi one.

(Loudon.)
In these remarks all reference is omitted to the gardens of th*

Arabs; about which almost nothing is known, but which seem to

have been more deserving historical record than those of other con-

tempotary nations. That this people in the height of their power
paid great attention to botany, is well known to those who are

familiar with that science. A learned work on rural oBairs was
written in the 12th century by Abu Zachariah Ebn Alva, a native of

Seville, of which an epitome has been given by Cusirius (' Bibl.

Escurial,' i 326, s.) ; and according to Ur. Loudon, this writer has left

a list of plants cultivated in the guden of Seville, mure extensive than
tbat of the Greeks and Romans. In the ISth century the then Vizir

of Cairo, Ebn-Beitar, a native of Ualaga, was so much attached to

botany that he visited all parts of the East for the express puriH>sc of

extending bis knowledge of plants. His works are pre8er\-od in MSS.
in the Ubrary of the Escurial, and it is 8.iid tbat although ho scnipulously

abstained bom describing anything which be had not seen, yet be
speaks of 2000 8|)ecies more than Uioscorides. (Spreng., i. 238.) It is

only reasonable to suppose that such a man had a garden. We must,
however, fix the period when gardens first began to be extensively

improved, in the middle of the 16th century, when, as has been
already shown, the ridi Italians turned their attention to the intro-

duction of new and rare plants. By the time that this new taste began
to be fixed in the minds of Europeans, the numerous geographical dis-

coveries that bad been made by the Portuguese and Spaniards, had
opened new and unheard-of sources from which the lovers of gardens
were able to enrich them. It would appear that the maize, the yam,
tobacco, and the cotton-tree {liombax) were brought to Eurojw by the
Spaniards so early as the end of the 15th centiu-y (Barcia/ Hist.' i. 24),
and King Ferdinand is recorded to have preferred the pineapple,
brought home in Columbus's second voyage, to all other fruits. (Fetr.

Martyr. ' Beb. Oc. Dec' L 2, b. 39.)

It would be impossible to trace the progress of public taste in the
construction of gardens any farther historically, without occupying
more space than such a subject can have allotted to it in a work of,this

description. It may easily be conceived that from the time when the
taste for gardens revived, up to the present perioil, there has been a
gradual improvement in sucb places, commensurate with the wealth of
individuals and the commercial power of nations, their peaceful habits,

the security of property, and their general progress in settling the
relations of social life. In the remainder of tnis article we shall otTcr

a few remarks ,upon the most important causes which bare contri-

buted to bring gardens to their present improved condition, and con-
clude by a brief account of some of the most remarkable Botanical
Gardens of the present day.

The first great step that was made by gardeners to advance their art
beyond mere mechanical operations, was the invention of glaadiouaaL'
in which plants might be grown in an artificial climate, ana prote^M
from the inclemency of the weather. Until this was effected, it is

obvious that the cultivation of exotic plants in Europe, especially its

northern kingdoms, must have been much circumscribed. Mr. Loudon
refers the invention of greenhouses to Solomon de Caus, architect and
engineer to the Elector Palatine, and who constructed the gardens at
Heidelberg in 1619. But there can be no doubt that buildings of this

description claim a higher antiquity. The spccularia of the Itomans,
whether pieces of talc 5 feet long, or, as we rather suppose, Skshes 5
feet long glazed with talc, were certainly used for the purpose of
forcing roses and some other plants ; they were es8euti.^Ily greenhouses,
although perhaps more like our garden-frames. It is scarcely likely

tbat where gardening survived, the learned men, in whose hands all such
subjects then were, should have been unacquainted with the existence
of these specularia, and they would naturally ende.ivtiur to reconstruct
them. Greenhouses certainly existed among the ItaUaus in the middle
of the 16th century, as has been alrea(^ mentioned, and there is no
reason to suppose they had then for the mat time been thought of. lu
fact, the ancient viridarium seenu to have been a room with one side

of it gUzed vrith sashes reaching from the top to the bottom, and
resembling the old English conservatory. It may or may not have
been heated

;
probably not, for it was chiefly Greek, Egyptian, and

Levant plants that were at first cultivated as rarities by the wealthy
Italians, and they required nu artificial heat in Italy.

If beat were required, it would be supplied by stoves or such other
contrivances as were used for domestic purposes. Ray says, tbat in
1684 the greenhouse in the Apothecaries' garden at Chelsea was heated
by means of embers placed in a bole in the floor : and it appears, from
a section of a greenhouse in the Electoral garden at Manhoiui, pub-
lished in ' Medicus Index Pl.intorum,' that a German stove was used
there as late as 1771. We however agree with Mr. Loudon in con-
sidering the invention of ijlcuiroofa for greenhouses to be an xra from
which the princii>al part of modem improvements takes its date. This
happened in 1717, when Switzer published the plan of a forcing-house,

suggested by the Duke of Rutland's graperies at Belvoir C-uiUc. Up
to that time the want of light must have rendered it imposiible to
employ greenhouses for the growth of plant«, either in winter or
summer; they could only have been hybematories, reccpttcles in

which plants might be protected from wet or cold during winter, but
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from which they were transferred to the open air as soon as the Bpring

became Bufficiently mild. The substitution of glass-roofs, by in-

creasing the quantity of light, put it at once in the power of the

gardener to cultivate permanently in his greenhouse those natives of

hot countries which are not capable of bearing the open air of Europe
even during the summer. From the time of Switzer to the present

day there has been a- gradual improvement in the construction of

greenhouses, the object being to supply the plants with as nearly the

same amount of light when under the glass-roof, as they would have

had if in the open air. The modem invention of curvilinear iron-roofs

has accomplished this end in a most remarkable degree ; for they sub-

stitute an obstruction to light amounting to only ^ or ^ for a loss

equivalent to J or even
J.

The mode of heating such houses has given the modem cultivator

additional advantages of the greatest importance. Stoves of all kinds

not only dry up the moistiu-e of the atmosphere, but impregnate the

air with gaseous exhalations unfavourable to vegetation. The substi-

tution of flues, while it equalised the beat, was still worse than the
stove in drying and deteriorating the air; the introduction of fer-

menting vegetable matter, such as tan in a pit, in the interior of the
house, remedied this evil in some measure, but the application of

steam-pipes or hot-water pipes has had the great advantage of obviating
every inconvenience, and has given the gardener the power of modify-

ing the heat and moisture of ms greenhouse at pleasure. Add to this,

the rapidity of communication between one country and another, the
long peace with which Europe was blessed, and the leisure it gave
men to occupy thsmselves with domestic enjoyments, the great

encouragement given to gardeners, the establishment of Horticultural

Societies for the promotion of the art of gardening, and the discoveries

made in vegetable physiology—add all these things to the improve-
ments in greenhouses, under which name is here included all descrip-

tions of glass buildings for horticultural purposes, and there is no
difficulty in accoimting for the present flovirishing condition of Euro-
pean gardens.

There is one point further that requires to be noticed, as con-
tributing to this result, and that is, the extension of the education of

the working gardener. Great numbers of gardeners are now well
informed in the higher branches of their profession. Instead of trust-

ing to certain empirical rules, or to receiptt for gardening operations,
as if growing a plant was much the same thing as making a pudding,
they make themselves acquainted with the principles upon which their
operations are conducted; they acquire a knowledge of botany and
vegetable jihysiology, and some even of physical geography, and thus
they place themselves in the only position from which they can securely
advance to the improvement of their art. The necessity of these sub-
jects forming a part of all gardeners' education cannot be too strongly
insisted upon ; the Horticultural Society of London have recognised
their importance by requiring all the young men in their garden to
pass an examination in such subjects, in addition to their possessing
the usual gardeners' acquirements ; and although people ignorant of

luch subjects themselves have been found absurd enough to blame the
proceeding, there can be no doubt that the world will give the Society
the credit they deserve for having been the first to set this most
important example, which we tmst will be followed by all such insti-

tutions through the country.
In noticing modem gardens we must necessarily confine ourselves

to a few of the most remarkable, passing by entirely those of private
individuals, and in general all second-rate public establishments. The
reader who is desirous of procuring detailed information upon the
subject will find an ample account of all the best modem gardens in
Mr. Loudon's excellent ' Encyclopedia of Gardening,' to*which we have
been much indebted for this article.

Although the restoration of gardens took place among the nobles of
Italy, and many noble instances of wealth and taste applied to such
purposes still remain, yet the political condition of that country is

unfavourable to horticultural pursuits, and although there are gardens
attached to most of the Itahan cities, there are none of much note,
except for their picturesque features and fine architectural embellish-
ments. Those of Naples, Florence, and Monza near Milan, are among
the most remarkable.
The Dutch, although too much attached to the stiff formal style of

clipped hedges, straight walks, and architectural puerilities, have
always had a great reputation as gardeners. Their wealth and their
commerce with the Cape of Good Hope and the East Indies gave them
for a while extraordinary advantages over other nations, and for a long
time t{ieu- garden of Leyden was considered the richest in Europe.
It was beg<m in 1577; in 1833 it contained 1104 species, and was so
rapidly enriched by the zeal of the wealthy Dutch merchants, that in
1720 no fewer than 6000 species were catalogued by Boerhaave, who
was then professor of botany at Leyden. From this source was at one
time obtaiued the principal part of the succulent and other plants
native of the Cape of Good Hope. It was afterwards a good deal
neglected, but was renovated under the care of Dr. Blume, and now
ranks again among the finest of the public gardens of Europe.

In the Netherlands there are small public gardens, both at Antwerp
and Ghent, and one of the finest in Europe at Brussels. Some years
since it wan a wretched place, scarcely deserving the name of a garden

;

but in 1820 it was removed to its present site on the boulevards, and

enturely re-formed. It now contains extensive ranges of hothouses,
and a large collection of plants. The roof of the houses is formed of
curvilinear iron bars, and the whole is heated by steam. The principal

range is seated on a terrace, with several fountains and broad flights

of steps in fi-ont of it ; while on a lower level are low ranges of pits for

pine-ajiple plants and small tropical species.

Among the German sovereigns a taste for gardening has grown up
in a degree unknown in any other country except among the English.
A love of the beautiful, a fondness for natural objects, a quiet con-
tented character, so characteristic of the German nations, has no doubt
been the cause of this. In Loudon's ' History of Gardening,' no fewer
than ninety closely printed pages are occupied with short accounts of

the principal gardens of Germany only. Of these we can only select

those of Munich, Berlin, and Vienna.
The garden of Munich is extremely rich in plants that can be

cultivated in greenhouses and hothouses, but poor in those species

which require to be grown in the open air : this happens in conse-

quence of the severity of the winter, which destroys even the holly.

There is a very fine" range of hothouses, containing numerous palms,
succulent and other plants. It is however considered that the plants,

especially the Brazilian plants, in the hothouses at Nymphenburg are
much finer than those at Munich.
The botanic garden at Berlin has long been one of the great sources

from which the gardens of Europe have derived supplies of new plants,

chiefly from Brazil, Mexico, and the Cape of Good Hope, in which
country the king of Prussia has maintained collectors. It contains

many hothouses and greenhouses, each of which is often dedicated to

the reception of plants of some one tribe only. There is one for

endogenous plants exclusively, another for fems and palms, a third for

Australian plants, and others for heaths, Cape, and Mexican plants;

there are some very fine palms, and in all respects the collection of
species is one of the most extensive in the world.

If the garden of Schonbrunn is less rich in plants than that of
Berlin, it much excels it in the magnificence of its hothouses and
greenhouses. The emperors of Austria have for above a century been
anxious to render this garden the finest in the world ; and no cost has
been spared in sending gardeners to foreign coimtries in order to
increa.se the collection. It is however chiefly by supplies from the
tropical parts of America that this garden has been enriched. There
are several ranges of glasshouses, in which the species are grouped
with great taste, and which from their size allow the plants to grow
with all their native tropical luxuriance.

Rivalling these imperial structures are the gardens of St. Petersburg,
founded by the emperor Alexander on the Apothecaries' Island in the
Neva. In a country with such a climate as Ru.ssia gardening can
hardly exist, except with artificial heat under glass roofs, and it is

necessary to call in aid all the resources of art m order to overcome
the difiiculties of nature. It is not surprising then that in this

situation the glasshouses should exceed in extent those of all other
parts of Europe. In the open ground there is a large collection of

hardy plants, a quarter devoted to systematical botany for the purposes
of students, an arboretum, and a division for medicinal species. One
excellent feature in the internal arrangements of this garden is the
placing the plants geographically, so that the most careless observer in

proceeding through the different suites cannot fail to be struck with
the changes in vegetation as he passes from Africa to America, to

Australia, to India, China, and so on.

In France gardening has never been in a very flourishing condition

;

it is true that great quantities of vegetables are raised for the market,
that the fruits of France are justly celebrated for their excellence, and
the flower-marketa of Paris are well supplied; it is also true that

numerous excellent works on gaidening have been written in France.

But for the quality of their fi-uit the French are chiefly indebted to

their climate, for the abundant supply of the vegetable market to their

peculiar cookery, and for the excellence of their written works rather

to the ingenuity of a few clever men, than to the general habits of the

community. In flowers their taste is rather that of the Romans than
of other European nations, for they are contented with a few showy
kinds of sweet-smelling flowers, especially roses. Their great public

gardens rather resemble in character those of tfaj days of Henry VIII.,

than of the 19th century. There no doubt are exceptions to this state-

ment, but the Jardin des Flantes at Paris, which is the largest of the

public establishments in France to which the name of garden properly

applies, is scarcely one. For a considerable period it consisted merely

of various departments, in the open air, devoted to purposes of teach-

ing ; of an indifferent collection of hardy herbaceous plants, and hardy
trees and shrubs; and of some contrivances to aid tho student of

agriculture. Of late years large glass-houses have been built, and
many improvements made, yet even now there are few judges of

gardens who would assign the Jardin des Plautes a place among the

first class of European gardens.

In Great Britain it has not been the policy of the government to

offer direct encouragement to cither science or art, except in a
sparing manner, but rather to throw the duty of fostering them
iip<jn the people. So far as gardening is concerned the government
has been right ; for if in this country such pubUc gardens as we
have enumerated are unknown, on the other hand no part of the Con-

tinent possesses such multitudes of good private gardens as Great
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BriUio. That whidi in other eoontries is « luzuiy, provided for at

the public expense, ia here rendered a kind of neoeaiitr, which all

peraooa, from the cottager to the noble, itriTe to poaaeaa. KoUiing can

be more beneficial to the commtinity, or more advantaseoua to horti-

culture itaelf, than this difiercnce, fur the result is not here and there

a magnificent garden, and all around it companitiTe sterility, but a
uniTeraal garden all over the country. The chief English garden con-

taining a urge collection of plants in that of Kew, which is certainly

the richest in the world in Australian, New Zealand, and Himalayan
plants, ud which was, during the war following the first French
reTohitioo, almost the only place in Europe to which exotic plants

were introduced in conaiderablo quantity. In consequence of this

eatabliahment having had a monopoly of government support for above
fifty years, it has been the channel through which an enormous quantity

of IKW plants have l>ecn introduced to Europe from all parts of the

world. For many years however it was unworthy of the nation, from
the illiberal manner in which it was conducted. Of late years this

system has been abandoned, a liberal management has been introduced,

the collection is at least as accessible as that of other nations, and
under the enlightened direction of Sir W. J. Hooker, the whole esta-

blishment has assumed such a magnitude and importance as to place

it far above all other institutions of the kind. It now embraces within

the botanic garden proper an area of Beventy-&ve acres ; has a noble
palm house, S62 feet long, and in the centre 100 feet wide, and 66 feet

high ; several good hothouses ; a new museum, &c.

Kext in importance among public gardens was that of the Horti-

cultural Society, at Chiswick, near London. It had been established at

the expense of the members of the society, and was intended both as

a place of experimental researches in horticultural science, and as a
station whence the most valuable, usefvd, and ornamental plants of all

kinds, might be distributed through the country ; for which purimses
its extent, amounting to SS acres, was expected to be amply sufficient.

For more than 30 years it exercised a most important influence over
the progress of horticulture, and was the medium of introducing by far

the greater part of the valuable exotics wliich have found their way
into cultivation since its foundation. No as-sociation of individuals

ever produced so marked an effect upon gardening in a few years as

was brought about by the enormous distributions of cuttings of

improved fruit-trees, of the finest kinds of vegetable seeds, and of new
plants mostly imported direct from the British colonies and from the
west coast of America, made annually from this garden, independently
of tht collections sent in return to all parts of the world. Of late

years, however, it has been merely maintained as a place of experiment,
and is about to \y replaced by a new garden at Kenfiington Uore, at a
cost of 100,000/.

A very successful establishment of a nearly similar kind is the
Royal Society's Botanic Garden, which occupies the inner circle (an
area of eighteen acres), in the Regent's Park. It has a very spacious
conservatory, greenhouses, and an excellent collection of plants.

The botanic garden of Edinburgh is one of the finest and best-

managed in Europe. It consists of 1(J acres, delightfully situated, and
includes everything that con be required for the purposes of teaching.

The houses are remarkably good, and the healthy condition of the plants
deserving of all praise.'. It is particularly celebrated for its beautifid
specimens of heaths. Besides these, there are botanio gardens at Dublin,
Qlaagow, Li %-erpool, Cambridge, and Oxford; fine public gardens in

Sheffield, Manchester, liimiingham, and some other large towns; and a
garden at Chelsea, belonging to the Apothecaries' Company, who main-
tain it for the use of the medic-U students of the London schools.

The Chelsea garden was once among the most celebrated in Europe,
having been for nearly fifty years imder the management of Philip
Miller, the author of the ' Uardeners' Dictionarj-,' and whom Linnocus
called the " prince of gardeners." Its situation has however become
unfavourable for a garden, in consequence of the number of houses
with which it is surrounded.
The number of species included in Loudon's ' Hortus Britannicus,'

or catalogue of the plants either cultivated in Great Britain or indi-

genous, amounted in 1830 to upwards of 26,000, exclusive of Crypto-
gaipouB plants ; and although a vast numbra* of deductions must be
made, it u not improlnble that there arc at this time nearly as many
species known in the different Britinh collections.

GARDEN HUSBANDRY i* a branch of horticulture, the object
of which is to raise fruits, vegetables, and seeds for profit on a smaller
extent of ground than is usually occupied for the purpose of agri-

culture. •

The best examples of this kind of industry are found among the
market-gardenera near populous towns, particularly London, Paris,
and Amsterdam. ^ the application of much manual Libour and an
abundant supply of manure they accelerate the growth of vege-
tables, and produce them more abundantly than where manure is

not so easily obtained, or where there is not so largo a demand for the
produce. I

The gardcncm near Paris, some of whom have gardens within the
;

outer walla of the city , are colled Maraichm, from the situation of their
gardens in a low district which waa formerly a marsh (maraii). Tlio
industiy of this laborious class is proverbial. Their whole life is

'

devoted to their gnnlens. They work the whole day in the greatest
heit of the aun, and long before the rest of the inhabitants awake they

are on their way to the market with their produce. The soil in which
they ruse their vegetables is naturally a poor sand, but by constant

manuring it haa been converted into a veiy rich mould abounding in

humus. From its porous nature, and the frequent recurrence of dry
Bummers, it would produce little without constant and abundant
watering. The raising of water from numerous wells dispersed through
the grounds, and conveying it to the growing plants, is the most
laborious part of the work : during the whole summer this labour is

incessant. There are large stone cisterns in which the water is allowed

to remain, that it may acquire the temperature of the air ; and from
these it is carried by pipes into various channels which intersect the

garden in every d^ection. These gardeners divide the season into

three periods. The first begins in October, when they sow lettuces iu

a hot-bed, which are pricked out a month after, and planted finally in

a sheltered border about the end of January, the ground having been
well dug and abundantly manured with very rotten dung taken from
the hotbeds. At the same time they sow radishes and leeks among
the lettuces. The radishes ore sold by the end of March, the lettuces

in May, and the leeks in June. This completes the first season. The
ground is now dug again, and manured with fresh long stable dung
mixed with the earth of which the hotbeds were formed ; in this they
plant alternate rows of endive or scarolles (both varieties of chicory;,

and of cucumbers, wliich produce gherkins for pickling and saucei.

The endive is sold in July, and the small cucumbers continue to be
gathered tiU September. In the third season, which is the shortest,

another digging and dunging is given, after which they sow radishes

and small winter-salad, of which the French have a great variety.

Winter endive is also planted for blanching. From this statement it

appears that the ground produces a constant succession of culinary

v^etables, and that it is manured thrice in the year. The great

object is to have a rapid succession, and to allow no plant to occupy
the ground long. Cabbages, cauliflowers, asparagus, artichokes, and
other vegetables which remain a long time on the ground, are culti-

vated at a greater distance from Paris, where the l.ind lets at a lower
rate. These plants will bear to be carried to a greater distance than
the delicate vegetables wliich aro used chiefly in a raw state as salada.

The only perennial plant in the gardens of the Maraichers is sorrel, of

which there is a great consumption. This is continually dunged and
watered to accelerate its growth, and is cut many times in the season.

It must however be allowed tlut this forcing wiUi manure and water,

although it produces large and delicate fibres, does not give the flavour

which belongs to vegetables grown in common earth, and which have
had a more natural growth.

The market-gardens near London are on a larger scale, and if they
produce fewer saUds and pot-herbs, they produce better and more
substantial v^etables, and likewise a hu^ quantity of fruit. The
best soil is a moist alluvial loam deposited from repeated over-

Sowings of the Thames, which are now prevented by hanks or dykee.

But an increased demand for vegetables has caused much inferior soils

to be cultivated as gardens, and increased labour and manure have
supplied the deficiency in natural fertility. The gardeners' year
properly begins in autumn, when the land is dug, or rather trencned,

and well manured. Various vegetables, which will be required in

winter, are now sown, and especially those which are to produce plants

to be set out in spring; spinach, onions, radishes, and winter salada

are sown, and when the weather is severe, arc protected by a slight

covering of straw or mats. In February, the cauliflow-era which have
been raised in frames or imder handglasses are planted out. The
cabbage plants are pricked out. The radishes, onions, and salads go to

market as soon as they are of sufficient size, and sugar-loaf cabbagea

succeed them. As the cauliflowers aro taken off, they aro succeeded

by endive and celery, and the same is the case with the cabbages.

Thus there is a constant succession of vegetables, without one moment's
respite to the ground, which, in consequence of continual stirring and
manuring maintains its productive power. Deep trenching in some
degree prevents that peculiar deterioration of the soil which would be
the consequence of the frequent repetition of similar plants. This
efiisct is most perceptible when the plants perfect their seed, which is

seldom or never allowed to take place in market gardens ; but great

attention is paid to the species of pUnts which succeed each other on
the same spot. The principle which experience and theory unite in

establishing, is that oi avoiding the too ft-equcnt recurrence of plants

which belong to the same natural families. The great variety cul-

tivated in ga^ens, in comparison with the common produce on a farm,

enables this principle to be fully acte<l upon. Those gardeners who
overlook this, and repeatedly sow or pUnt the same kind of vegetiljles

in the same spots, are soon aware of their error by the diminution of

the produce, both in quantity and quality, and by various disivwcs

which attack the plants, however abundant may be the food supplied

to them, or careful the tillage.

The principle on which the gardens are cultivated, is that of forcing

vegetation by means of on abundant supply of dung, constant tillage,

and occasional watering.
,
The whole surface is converted into a species

of hotbed; and crop succeeds crop with a rapidity which is truly

astonishing. Those vegetables which arrive at a marketable state in

the least time are always the most jirufitAblc, and those also for which

there is a constant demand at all times of the year. With an abundant

supply of manure, the m.vkot gardeners have no fear of exhaust'ng the



299 GARDEN HUSBANDRY. GARDEN HUSBANDRY. 290

soil ; and dissimilar regetables may grow together on the same ground.

Trees bearing fruit may be planted in rows, especially those of the

dwarf kind ; and imder them those vegetables which do not require

much sun may be raised to advantage. This is a very common arrange-

ment in the market gardens near London. Raspberries, gooseberries,

and currants, are planted in the rows between the trees. These rows
being thirty or forty feet apart, leave ample room for vegetables. But
in those gardens where the finest vegetables are raised, and particularly

in those which are appropriated to the growth of seeds, no trees are

permitted to shade the ground : even the hedges, if there are any, are

kept low and clipped, that they may not give any shade, or harbour
small birds. The market gardeners near London do not raise many
peas or beans, except such as are forced and require glass frames to

protect them. The chief supply of peas in the season comes from a

greater distance, and is the produce of whole fields sown for that

purpose by the fanners within a moderate distance of London. This
crop would not be so profitable in a confined garden cultivated at a

great expense.

The value of the produce in one year, fi-om an acre of garden-ground
in the most favourable situation, is almost incredible. The expenses of

cultivation are very great. In inferior situations, where the produce ia

less, the expenses are also somewhat less.

A garden should always be laid out in a regular form, with narrow
parallel beds, and paths between them. One or more roads, of suffi-

cient width to allow a cart to pass, should intersect these beds at right

angles, for the convenience of bringing manure and taking ofi' the
produce. The beds should not be above six feet wide; so that a

person may easily pull up weeds, or gather the vegetables without
treading upon the beds. The surface-soil taken from the paths serves

to raise the beds, and in retentive soils may carry off the superfluous

water after sudden and violent rains. The whole grounds should have
been trenched two spits deep or more ; and this trenching should be
frequently repeated, to mix the upper with the under part of the soil,

and distribute the decomposed dung throughout the whole depth.

Thus in time a rich black mould will be produced, in which every
kind of vegetable will grow most rapidly. For early plants, and those

which are used in winter, and require to be protected from frost,

narrow beds are made lying in a direction east and west, and sloping

towards the south, with the north side raised high, so that their surface

forms an angle of twenty or thirty degrees with the horizon. This

gives the plants a protection from the north winds, and exposes them
more to the influence of the sun. In very frosty weather, these beds
are covered with mats or loose straw. We do not mention frames
covered with glass, as they belong to a higher kind of horticulture

:

but a moderate hotbed miade with fresh dung, and covered with mats
laid over hoops, is indispensable for the ' raising of early vegetables.

By these means radishes and various salads may be raised very early in

the spring, and sometimes, in mild winters, without any interruption

during the whole year.

An abundant supply of manure is indispensable in a market-garden,
and this can generally be obtained in large towns at a trifling expense.

The neighbourhood of a town is therefore a necessary circumstance
towards the production of the crop, as well as its sale. It would be
impossible to make a sufficient quantity of manure by means of the
horses which are employed to carry the produce to market ; and the

extent of land usually laid out in garden-ground could not raise suffi-

cient food for cattle, without taking up a spice which may be more
profitably employed. The only animal which can be kept to advantage
by a gardener is a pig. Ttus animal will live well on the ofifal of

vegetables ; and the garde&s of cottagers could not well be kept in a
fertile state if it were not for the manure made by the pigs.

The market-gardeners about Amsterdam are mostly Jews, and the
vegetables which they bring to market are similar to those of the
London or Paris gardeners ; but they excel particularly in raising

cauliflowers, large white cabbages for making taur-haut, a dish much
relished in the winter by the Dutch and Germans, [Cabbage,] French
beans, cucumbers and melons. They raise these last in such abun-
dance, that heaps of them are sold in the markets at a very low rate.

They also excel in the forcing of early peas and beans, and in the
general management of hot beds.

The profits of a garden near London, of the extent of ten or twelve
acres, are as great as that of a farm of ten times the extent cultivated

in the best manner, without the help of purchased manure. But if

manure can be obtained at a reasonable rate, as is often the case in

great thoroughfares, where many horses are kept for public con-
veyances, although there be no immediate demand for vegetables, a
garden may be very profitably cultivated, entirely for the purpose of

raising seeds. This branch of industry is the more worthy of notice,

as it may enable a cottager to improve his situation greatly by the
produce of a small garden or allotment of land. The demand for seeds

of all the most common productions of a garden, and especially of

flowers, L8 great beyond belief, and the profit of those who retail them
in small quantities is so great that they can afford a liberal price

to those who raise them with proper care so as to keep the varieties

distinct.

In some agricultural districts it is the custom for the labourers to
plant turnips in their gardens in November, in order to obtain the seed
m time for sowing in the next year. They choose the soundest and
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best shaped, and by attention in keeping the ground clean, and allowing
only one sort to go to seed within a certain distance, they produce a
better seed than the farmer could; because the labourer and his
family having their garden constantly in view, can more easily keep off
birds and watch the ripening of the seed, so as to allow it to come to
perfect maturity, without danger of the pods bursting, and shedding
the seed from being left too long. Thus they can collect a bushel or
two of excellent seed from a small portion of land ; and this, at the
price of a guinea a bushel, which is cheaper to the farmer than if he
raised it himself, or purchased it of the seedsman, is a very profitable
crop to the labourer. An industrious cottager, without losing any
time, with the help of his wife and children, may much increase his
comforts in this manner, while at the same time he trains hi.s children
in habits of industry. To no class of men would a knowledge of
garden husbandry be more xiseful. The improvement which may be
made in the condition and character of the poor, by combining in their
education a knowledge of the most common arts of Ufe with that of
letters, which is often the only thing taught in schools, must be evident
to every man who has reflected on the subject ; and of all these arts

the most generally useful amongst an agricultural population is the art
of horticulture. The cottager who is acquainted with the means of
raising early garden produce, who can graft young trees, who knows
what plants may be propagated with a Uttle care, and be readily sold
when in perfection, cam employ his labour with a double advantage.
And many a man, from a very small beginning, has, with a moderate
share of judgment and prudence raised himself to independence, if not
to affluence ; while he that plods on in the beaten track like a horse in

a mill ends his days in ignorance and poverty.

The great superiority of those schools which have been established

to teach the children of the poor to work as well as to read, over those
which teach book knowledge only, is indisputable. A boy who can
manage a little garden, who takes a pleasure in watching the seed he
has sown, who plucks out every weed as soon as it appears, and who
prides himself on the fruit and vegetables which he can place on his

father's table, is more advanced in his education than ho who can only
read and write, however well he may do both.

Many plans have been proposed for the distribution of the crops in a
cottage garden ; but none of them are suited to every situation.

Much depends on the nature of the soil, which may be better suited
to one kind of produce than another ; and also to the demand for any
peculiar class of vegetables. New sorts may often be introduced with
advantage. The raising of any useful plant with great care will often
give a man a reputation, which makes it advantageous to him to con-
fine himself to these principally, and raise them in the greatest per-

fection. An ingenious man will find out what is most for his own
advantage ; and from the list of plants which may be cultivated for

ornament, or for use, a selection may be made which may be well
suited to the situation of the ground and the circumstances of the
grower. The practice of the market-gardeners may be examined with
advantage ; and long experience, with the test of profit, will lay down
better practical rules tb&n the most plausible theories.

An allotment of laud, such as is now very frequently given to

agricultural labourers, may be cultivated to great advantage by apply-

ing judiciously the general principles of garden husbandry. There
are few cottages which have not already attached to them a small
garden of a few perches, in which common vegetables, such as cab-

bages, onions, and early potatoes, are raised. The same vegetables

may continue to be cultivated there, provided the situation is more
convenient from its proximity to the cottage, or a small part of

the allotment may be set apart every year for this purpose, so as to

change the crops, which is always an advantage. But the remainder
of the allotment should be cultivated on a regular plan, as a farm in

miniature, with this difference, that all the operations should be per-

formed with the minute attention of a gardener. Potatoes and wheat,

if the soil is not too light for the latter, or rye, in very sandy soils, will

be the principal crops, being immediately necessary to the support of

the family. These crops have sometimes been recommended to be
raised in every alternate year ; but whatever be the tillage or manuring,
there are few soils which will not soon be reduced in fertility by this

constant succession. One-fourth of the land in wheat, and one-fourth

in potatoes, is the utmost which can be profitably cultivated in one
year. The remaining half of the allotment must produce pulse, roots,

and green crops, by which animals may be fed and manure collected.

An allotment of three acres will enable a cottager to keep a cow, by
having a portion of it in clover or other artificial grass. In the

'Farmer's Magazine,' for February, 1802 (p. 38), there is an article

drawn up by Mr. John Sinclair, in which it is shown how this may be
effected without difficulty. But as the allotments usually given to

labourers seldom exceed half an acre, or at the most an acre, the keeping

of a cow is out of the question ; and the only animal which can be
profitably reared and fatted is the pig, to which we shall therefore con-

tine our observations. By means of pigs, the cottager may greatly

increase the profit which can be made from his allotment of land,

keeping up at the same time a proper degree of fertility. One-half

of his land must be cultivated to feed his pigs ; besides the smaller

potatoes which remain when the finest and best are taken out for the

use of the family, he may give them beans, barley, carrots, parsnips,

and turnips, especially the Roota Baga, or Swedish turnip ; and all tha
u
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(tnw mui( be lued for Utter. It thia be itrioUy attended to, the

gre*t<at poaeible proSt will be made firom the land, without an^ danger

of iu being exhausted and loaing iti fertilitj. The rotations will there-

fore be—potatoea, with a great quantity of manure ; then barley, then

peas, beans, curota, panniM, and Swedish turnips, manured ; and
after these wheat. The applicatiim of the garden husbandry must be
in the prepuration of the soil by di'op tn-nrliing and digging, carefully

drilling or dibbling all the seeds in rows, stirring the soil between the

growing plants, and keeping the ground clear of weeds by the hand
and the hoe. Theae last are the moet essential part of the cultivation,

and are to be performed by the wife and ckildrcu. By daily attention

to the progress of the plants, and continual assistance at critical periods,

aometimei thinning out. and at other times transplanting to produce
an equal crop, and trenting every plant an if it were a rare plant in a

garden, the ground may be made to produce more than double what
the most attentive &rmer could exp«ct on a larger scale. The addi-

tional labour, which is all light, costs the cottager nothing ; but the farmer
could not afford to pay for it at the usual rate of wages. If he could

find hands to do it, he could not insure the minute attention which is

natunlly applied when the labourer is to receive all the advantage

himaelf. The comfort which a wellinanaged allotment gives to a

labourer with a numerous family is hiirdly credible by those who have
not witnessed It ; and if there were less profit, it would still be highly

beneficial, in a moral and political point of view, that early habits of

industry ahould b« enouun^ed, and that the temptations which arise

from want of employment should be taken away from the young by
the useful and healthy occupations of the garden.

Let ua add that on the garden culture of London neighbourhood, by
which vegetables are raised for the metropolitan markets, the reader
should consult Mr. CatbiU'a paper on market-gardening in Morton's
' Cyclopesdia of Agriculture.' And as to allotment culture ; while
anything which shall distract the cottager from his hired labour as the

main source of his maintenance is bad, and while therefore large

allotments of one acre or more are generally mwchievous in their

influence, there cannot be a doubt that, on a smaller scale, aa Mr.
Morton states in the ' Journal of the Eoyal Agricultural Society of

England' the so-called allotment system is beneficial both to the

labourer and his employer. If the posaession of a store of field and
garden produce be, as is alleged, a temptation to dishonesty, by the

ocilities which it affords for secreting the property of an employer, it

is even more powerfully and in a variety of ways a security for good
behaviour. The allotment of land which provides this store attaches a

man to the locality in which he lives—it proWdes employment for

thoae hours both of his children and himself which would otherwise be
wasted—it adds to the comforts of his home-<vnd it is generally a

subject of common interest to himself, his neighbour, and his supe-

liora. All these things tend to make him both contented and respect-

able. And if, as has been also said, the cultivation of an allotment

does prove a tax upon the powers of the labouring man, incapacitating

him in some degree by iU need of extra work for those ten hours'

labour which are due to his employer, it must be remembered, on the
other hand, that, by every addition to the comforts and the means of

home which it ccmfera, his strength for those ten hours' labour is

increased.

The following account of the way in which the allotment system
waa eatablished at Whitfield, in Gloucestershire, and of its influence

there, and the character of the population, is token from Mr. Morton's

paper already alluded to. The system there was not necessarily called

for by excessive population ; there was no special difficulty felt either

by employers in providing labour, or by workmen in obtaining a live-

lihood ; it was carried into operation as an addition to the comforts of

an already tolerably satisfactory condition of the agricultural labourer.

The Whitfield allotments were first let many yeara ago, and, after

twelve or fourteen years' cultivation, they are as fertile and productive

aa ever. Lying near the hamlet where most of the tenants live, the
land is cultivated by them with the least possible waste of labour in

poaaing to and fro, and with the greatest facilities both for the con-

Teyance of manure to the laud and the removal of produce from it.

Host of the plots are 60 or 70 perches in extent, varying, however,
from laaa than a quarter of an acre to rather mure than half an acre.

The way in which the land was let, and the whole scheme organised,

may be very ahortly described. On application to the late Earl of

Dueie, an old pasture close to the village, about 11 acres in extent, was
Mt apart for the purpose. Twenty or thirty cottages stand around or

near the field, and to each a plot of ground was allotted. The field

was, in the fiiat place, divided mto pieoes varying in size between the
extremes already named, according to the number of the cottagers and
their ability to manage it Paths were made between certain clusters

of theae ploU, and a cart-way waa left at either end of the land, for the
removal of the produce. Such portions of the field aa needed it were
•ilKtually under-drained. One-half of each plot waa then dug up a

good apit deep with the grafting-tool. All this waa done during the
winter. Sheep were turned in during the following summer. The
graaa of the halves left uiidug was thus eaten bare, and the halves of

the several plots that bad been dug were thus wall trodden down.
The allotments were apportioned at Michaelmas by lot, each cottager

being told iu what olaas, aa to size, be was permitted to draw. To
thoie of less ability than the others, whether owing to greater dibtance

from the field, to having fewer children able to asaiit, or to want of
strength or akiU, the smaller plots were oChred. To those of greater
ability, whether of greater seed or not, the larger plots wore oSiarad.

It waa urged that to allow theae plota as a mere makeahift in aid of

the neoseaitous, would have a pauperising tendency. It was an oppor-
tunity to them, oBVred acoording to their ability, not according to
their need ; and it thiu acted aa a premium upon every good quality

they possessed or could acquire.

The previoua management of the land placed it in the hands of these
allotment tenants in first-rate order : the half which had been dug
six months or more before, anti trodden down all the summer by the
sheep, was in the best possible condition for receiving wheat ; and the
other half in grasa waa ready to be at once dug up for potatoes, beana,

or other vegetablea, during the ensuing spring. The new rent de-

manded was determined by charging, in addition to the former agri-

cultural rent, S per cent, upon all that had been expended by the
landlord in carrying out the scheme. The drainage of the land, the
plotting and digging it, the loss of rent of the land half dug,

—

all these added together, oonatituted a principal sum, on which fi per
cent, was charged in addition to the former rent. To thia was added
the estimated rates and taxes, and the coat of keeping fences in repair,

together with 1«. from each of the ailotmenta (about 3«. an acre on aa
average) ; this last to constitute a prise fund in furtheranoe of good
cultivation. The whole rent thus ascertained was allotted over the

several plots in proportion to their siie and the quality of the soil.

The only conditions imposed upon the tenant, beyond the regular

payment of his lialf-yearly rent, were that he should cultivate the land
by manual labour, that he should not crop more than half his land

with wheat or potatoes, and should give up the whole at the end of a
year if required to do so.

There can be no doubt that this eleven acre field has been a great
addition to the comforts of the village of Whitfield ; and any one who
see!< the whole village population, young and old, at work upon it

during those evening and even moonlit hours of spring and autumn,
wliich would otherwise by many of them haVe been worse than wasted
in the beer-hoiue, must feel that the good influence of these field-

gardens extends, beyond the mere material condition, to the cha-

racter as well. The latter consideration is less capable of definite

estimate or proof—it is incapable of reference with certainty to its

causes ; but in valuation of the former, there is no doubt that many
a half-acre in the Whitfield allotment-field, which formerly contributed
perhaps one-sixth to the annual keep of a cow, now provides one-

fourth the bread-corn needed by a family, with more than that proportion

of the potatoes they consume. Thirteen or fourteen bushels of wheat,

and more than two tons of potatoes, are thus obtained from many a
half-acre of land. " I would rather have my plot and pay a heavy rent

for it, than have a 6/.-note for nothing once a year," is the common
testimony. The rent does not exceed SI. an acre, and the land waa
probably worth fiO>. as a pasture-field. It is punctually paid.

The Michaelmas rent-day was signalised by the award of prizes,

namely, 1/. to the best cultivated allotment, and a return of the half-

year's rent to the second best ; and for this funds, aa has been said,

were provided by the allottees themselves, iu the additional rent taken

from them for this purpose.

The influence of the allotment system has perhaps been better

shown at Silsoe (Bedfordshire) than in any other place. Mr. Trethewy,
of that place, read a paper on it at a recent meeting of the London
Farmers' Club, and he declared it as his opinion, the result of a Uu^
experience, that the subject involved the comfort and prosperity of the

occupier quite as much as of the owner of the land or of the labourer.
" Any system having a tendency to elevate the moral character of the
labourer and improve his condition must be worthy of encouragement
by the farmer." Mr. Trethewy alluded to the special fitness of thia

system where labourers live in villages, and where sufficient garden-

ground cinnot bo obtained adjoining to the cottages. In choosing a

field near the village, for the purpose of allotments, he says :
—" The

nature more than the quality of tlie soil should be considered, for it ia

astonishing how much poor thin land is improvable by spade husbandry,

while strong and heavy clays are wholly unfit for the purpose of allot-

ments, no matter how well they may bis drained."

The following are his very sensible remarks on the importance of

confining the allotments to a manageable extent of mere garden
ground ;

—

" My experience convinces mo that a rood is sufficient imder almost

any circumstances ; and the greatest error that has been committed
has been the allotting of too much land to one individual To dwell

upon the evils arising from such a proceeding is scarcely neoeeaary, as

it must bo obvious that without sufficient capital the occupation of

land cannot be attended with profitable resulta Some instances in

confirmation of this view have come under my own observation, and I

can confidently assert that, instead of the position of such men having

improved, it has retrograded. Occupied nearly the whole of their

time upon their own land, they can no longer be classed under the

head of labourers, and they actually injure regular workmen by throw-

ing their labour into the market at seasons of the year when the

demand for it is unusually depressed. If it be argued that the

restriction of the system would have the effect of preventing a
labourer from improving his condition, and effectually debar him from
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rising in the world by hia own industrj-, I would answer that I am not

now discussing the relative advantages of large and small farms, but
am confiniug myself to the agricultiu"al labourer in the broad accepta-

tion of the term. Every employer knows, and every man of common
sense must feel, that it is as important to the farmer to have his

regular men at work at all times, as it is to the manufacturer or

traidesman, and that the business of the farm could not be carried on
without such regularity. I regard it, then, as a fatal error for the

labourer to follow any pursuit that would at all interfere with the

claim of hia employer upon him ; for, be it remembered, that it is

upon hired labour that the working man must chiefly depend for his

subsistence ; and any scheme that has a tendency to interfere with
this his chief capital, must very shortly end in disappointment and
distrea."

The following account of the Silsoe allotments is taken from
Mr. Morton's paper in the ' Joximal of the Royal Agricultural Society :'

They date from the enactment of the new Poor Law, and the early

promoters of the scheme were driven to it by the pressure of the
poor's rates. The improvement in the condition of the labourer there

and elsewhere is, no doubt, partly the efiFect of the new Poor Law,
which has taught him that his first dependence must be on his

own exertions; but a share in that improvement around Silsoe must

certainly be allowed to the allotment system as there established.

At first the allotment tenantry were allowed a considerable extent of

land apiece—two acres or more. As much, indeed, as they declared
their ability to manage was allotted to each applicant. But as these
have gradually fallen in or failed, they have been subdivided ; and
from a rood to half an acre is now the ordinary extent allowed. 'There
have been no restrictions placed upon the cultivators of these plots,

but such as are also laid upon the farmers of the district. There is no
formal provision against Sunday labour or against immorality, nor are

there any special legal securities taken for the relapse of the land to

the owner in case he should require it. Every security, nevertheless,

exists as to all these particulars in the general sense of propriety which
prevails, as well as in the know^ledge that sufficient power exists in the
management to enforce it. On riding round these allotments late in

May, 1859, we saw poppies, turnip-seed, onions, peas, and cabbages, in

some cases grown to a large extent ; but the ordinary crops were wheat
and potatoes for home consumption. In a few instances the land is in

the hands of market-gardeners ; but, as a general rule, the allotments

are occupied by agricultural autl other labourers ; and the following

table^ extracted from Mr. Trethewy's paper, gives their extent and their

number in the several parishes, together with interesting details

regarding parochial rates sinoe the period of their establishment :

—

Parish.

Fopalation

per census

or 1861.

Area of

Parliibe>.

Number of
Acreage of

Allotment

Land.

Annual Average of

Five Tears' F.rochial

Rates to Lady-dajr.

Parocliial Rates for

the Years

1858. 1848. 1828.
[

1833.
1

1835. 1838.

SiUoe ....
ClophlU . • . .

Flitton.

PolloxhiU . . .

Upper Gr»Tcnhur«t
lower Gravenhuret .

75S
1186
ase
6S8
357
a

Acres.

2067
2317
1020
1584
895

757/

78
180
163
131

«6

Acres.

24

a
140
61

24

.. d.

2 lOT
4 4

5 3

3 3

4 4

2 Oj

H
-J•sg

». d.

» 8

4

4 10

3 6

4 3

2 1

>. d.

1 9

7 4

13

11

7 9

2

». a.

i 6

6 9

9
12

i 6

2

«. d.

3 3

3 4

6

6

3 a

1

>. d.

3 6

4 9
4

3 8

4 10

2 10
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We conclude with Mr. Trethewy's statement of the superiority of

these clustered field-gardens over detached cottage-garxlens, and of the

advantages of encouraging rivalry by an annual judgment of cultivation

and exhibition of produce ;

—

"(1) Every man has the advantage of the experience of the whole
field, and generally benefits by it ; whereas in a garden there are not

those opportunities. (2) How frequently does one see a garden over-

run with weeds, overgrown with trees, bushes, and fences, absolutely

excluding sun and air, and producing next to nothing to the cultivati^ir !

In an open field-allotment the sun and air are freely admitted ; the

land is more easily kept clean, and the state of cultivation patent to all

the neighbourhood. (3) I believe example has a strong influence in

promoting good and clean cultivation among all classes of occupiers.

With a view to encourage it amongst the allotment tenants of the

district, a society, called the " Silsoe and Ampthill Labourers' Friend

Society," was established about seventeen years ago. It offers several

prizes annually for competition, and great interest ia excited among the

exhibitors. This society is imder the patronivge of Earl de Grey, and
has Lord Wensleydale as president ; while the stewards consist entirely

of tenant-fanners, who thus evince their sense of its usefulness. The
subscribers comprise the clergy and gentry of the neighbourhood, and
the exhibition is invariably fully attended. In fact, all classes unite

to promote the object it has in view; and the result is, an exhibition

of fruits, vegetables, Ac, that would surprise any one who had never
before witnessed it. I believe this to be a most useful institution

;

and, where allotments prevail to any extent, I would strongly recom-
mend the establishment of similar associations."

The almost universal testimony of experience on this subject con-

firms the conclusion to which, after Mr. Trethewy's paper, the discussion

before the Central Farmers' Club led—that the system may always be
expected to benefit both labourers and their employers, excepting
under extravagant misgitidance or neglect ; that is, excepting (1 ) where
the land set apart for the purpose is altogether unsuitable in character,

or (2) too distant from the cottages of the allottees, or (3) where an
excessive extent is permitted to the tenantry, or (4) an excessive rent
demanded from them, or, lastly (5), where the tenantry are left entirely

to themselves, and no effort made to excite their rivalry or pride in
good cultivation.

GAHOOYLE, GOROOL, or GURGOYLE, in Gothic architecture, a
pout which is carried out from parapets in order to discharge the
water from roofs clear of the wall. Mediaival architects, who almost
invariably made the subsidiary features of their buildings of an
ornamental character, so as to conduce to the general eSect, saw at au
early period the service which these humble objects might be made to
render. Instead of having merely plain projecting pipes for their
spouts, they covered the pipe with a block of stone, which they carved
in general accordance with the rest of the sculpture ; but, regardful of

the ignoble purpose to which it was applied, gave it a decidedly
grotesque character. Sometimes it is a hiunau figure in a constrained

attitude and with a distorted countenance ; sometimes an animal or a

monster. Usually the water is made to pass through the open mouth,
but sometimes it passes from a pipe concealed below. Occasionally

the figures appear to be caricatures of particular persons or bodies of

men ; occasionally they are gross ; but almost always, as we have said,

they are grotesque. They appear to have been first used in the Early

English style ; and they were most prominent in that and the

Decorated.

GARLIC, a hardy perennial plant with bulbous roots, found growing
wild in the island of Sicily, and in several other pai-ts of the south of

Europe. In gardens it is cultivated chiefly on account of its bulbs,

which are much used in cookery, and occasionally in medicine.

It is the A Ilium eatirum of botanists, and is regularly grown for the

market. For this purpose, a light tolerably rich soil is selected in a

dry warm situation. The ground should be well dunged for the crop

which precedes garlic, and not when the garlic is planted ; because,

when this is done, the bulbs are very apt to canker, and to be infested

with maggots.

It may either be planted in beds or in rows ; if in beds, the distance

between the plants may be seven or eight inches ; if in rows (which is

most recommended), they may be one foot apart, and six inches

between the plants in the row. In gardens where the soil is light and
dry, the best season for planting is late in autumn ; but where the soil

is wet, the operation should be deferred until spring, that is, to any
time in February or March.
The plant is propagated by ofl'sets, which it produces annually in

considerable numbers, and which are commonly called cloves. The
season of ripeness, which is generally in the end of July or August, is

easily known by the leaves changing from green to yellow. At this

period the bulbs should be taken up and spread out in the sun to dry,

after which they m.ay be tied in bunches and kept in a dry house for

winter use, in the same way as onions.

GARLIC, OIL OF. When cloves of garlic [Allium Sativcm, in

Nat. Hist. Div.] are distilled with water in the manner described

under Essential Oils, 0'2 per cent of an oil is obtained of yellow colour,

acrid taste, and strong disagreeable smell. After drying with chloride

of calcium, and rectifying over potassium, it is obtained pure and

colourless. It then couBtitutes the sulphide of the ra<lical alli/l (C„Hj)

[Oboanic Radicals] and has the formula (CjHj.S). The oxide of

allyl, anil a compound of allyl still richer in sulphur than the sulphide,

;
appear also to be contained in the crude oil of garlic.

, Sulphide of allyl is lighter than water, refracts light strongly, miiy
' be distilled without undergoing decomposition, is but slightly soluble

i in water, but very soluble in alcohol or ether. Sulphuric acid dissolves

' it without alteration, nitric acid converts it into ox.ilic and formic

,
acids. On the a<ldition of nitrate of silver to it, sulphide of silver is

j

precipitated, .^n(l after a time crystals of double nitrate of silver and
< allyl are deposited. Sulphide of allyl also precipitates and forms

I

double salts with the salts of gold, mercury, platinum, and palladium.
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The mercury compound (C^,8^HRS+ C,H.Cl,2HgCl) is deaompoeed
on beiog distilled with •ulphoeyanide of putmi ii in, Bulphide of allyl

bcins reproduced together with ulphocyanide of allyl (oU of muatard).

Ouier plants benoM gariio contain suiplude of allyl ; see ElsaEXTlAL

Oils, alUaria, rrat, onion, raditk, ka.

GARNISHEE. [ATTACHMKtT.]
QARTEK, ORDER OF THE, one of the most ancient and illua-

trious of the military orders of knighthood in Europe, was founded by
King Edward III. The precise year of its institution has been dis-

puted, though all authorities agree that it was established at Windsor
after ths cdebration of a tournament. Froissart says, Edward esta-

blished the order on resolving to rebuild Windsor Castle, " which King
Arthur had founded in time past," and fixed the first celebration of

the order on " St. Oeorge's day next ensuing," that is April 23. 1344.

Walaingham and Fabyan agree with this as we date of its foundation.

Stow, who, according to Aisbmole, is corroborated by the statutes of

the Order, says 1350. Camden says it was founded niter the battle of

Crecy, at which Edward displayed his garter as a signal for the attack.

The precise cause of the origin or formation of the Order is likewise

not distinctly known. The common story respecting the fall of the

Countess of Salisbury's garter at a ball, which was picked up by the

king, and his retort to Uiose who smiled at the action, Horn toit qui

mat y pmte, which afterwards became the motto of the order, is not

entirely given up as fable. A tradition certainly obtained as far back

a the time of Henry VI. that this Order received its origin from the

fiur sex. Ashmole's opinion was, that the Qarter was selected at once
as a symbol of union and a compliment to the ladies.

Thw Order was founded in honour of the Holy Trinity, the Virgin

Mary, St. George, and St. Edward the Confessor. St. George, who
had become the tutelary saint of England, was considered as its especial

patron and protector. It was originally composed of twenty-five

knights, and the sovereign (who nominates the other knights), twenty-

six in alL This number received no alteration till the reign of George
III., when it was directed that princes of the royal family and illus-

trious foreigners on whom the honour might be conferred should not

be included^ The number of these extra-knights was fifteen in 1860.

The military knights of Windsor are also considered as an adjunct of

the Order of the Qarter.

The officers of the Order are a preUte, who is always Uie Bishop of

Winchester ; a chancellor, who till 1837 was the Bishop of Salisbury,

but is now the Bishop of Oxford, in consequence of Berkshire, and of

course Windsor, being transferred to that diocese ; a registrar, who is

the Dean of Windsor ; garter )>rincipal king-at-arms of the Order ; and
a gentleman usher of the black ro<l. The chapter ought to meet every

year on St. George's day, in St. George's chajwl, Windsor, where the
mstallations of the Order are held, and in which the banners of the
several knights are suspended.
The original dress of the Knights of the Qarter was a mantle, tunic,

and capuchin or hood, of the fashion of the time, all of blue cloth

;

those of the knights companions differing only from the sovereign's by
the tunic being lined with miniver instead of ermine. All the three

satmeots were embroiilered with garters of blue and gold, the mantle
having one larger than all the rest on the left shoulder. The dress

underwent various changes. Henry VIII. remodelled both it and the
statutes of the Order, and gave the knights the collar, and the greater

and leaser George, as at present worn. The last alteration in the dress

took place in the reign of Charles II. : the principal parts of it consist

of a mantle of dark blue velvet lined with white taU'eta, and a surcoat

of crimson velvet lined with white tafi'eta ; a hood of crimson velvet

;

a cap cr hat of block velvet lined with white tafi'eta, with an ostrich

and heron plume; the stockings are of white silk, and the garter,

which is of dark blue velvet, having the motto embroidered in gold

letters, is worn tmder the left knee. The collar is of gold, of twenty-

six pieces, each in the form of a garter, enamelled azure, appended to

which is " the greater George," a figure of St. George encountering

the dragon. The badge is a gold medallion representing St. Oeorge
Mid the dragon, which is worn suspended over the left shoulder by a
Uoe ribbon ; hence it is a form of speech to say, when an individual

has been appointed a knight of the garter, that he has received the
blue ribbon. There is also a star of eight points argent, St. George's

cross in the centre gules, encircled with the garter, worn on the left

'breast. The fashion of wearing the blue ribbon suspended from the
left shoulder was adopted in the latter port of the reign of Charles II.

It is not generally known that, from the first institution of the
Order of the Garter to at least as late as the reign of Edward IV.,

ladies were admitted to a participation in the honours of the fraternity.

The queen, some of the knights-companions' wives, and other great
ladies, had robes and hoods of the gift of the sovereign, the former
gMnished with little embroidered garters. The ensign of the garter

was abo delivered to them, and they were expressly termed Dama de
la fratemiU dt St. Gtorye. The splendid appearance of Queen Philippa
at the first grand feast of the Order is noticed by Froissart. Two
monuments also are still existing which bear figures of ladies wearing
the garter: the Duchess of SuU'olk's, at Ewelme, in Oxfur>lshire, of

the time of Henry VI., represents her wearing it on the wrist, in the
manner of a bracelet; Lady Haroourt, at Stanton Haroourt, in Oxford-
shire, of the time of Edward IV., wean the garter on her left arm
above the ellow.

Whan Queen Anne attended the thanksgiving at St. Paul's in 170-2,

and again in 1704, ahe wore the garter set with diamonds, as sovereign

of the Order, tied round her left arm.
QAS, a term originally employed by chemists M synonymous with

air. It was first used in a very general sense by Van Helmont ; but in

consequence of the great number of permanently-elastic fluids dis-

covenxl by Priestley, so different in their properties from common air,

and in order to avoid any confusion from the use of the same word to

express both, Maoquer employed the term gas, which has been uni-

versally adopted to distinguish from mere vapours all such elastic

fluids as had not been rendered liquid or solid by reducing their

temperature.
The experiments of Professor Faraday have however shown that

elastic fluids which may be liquefied by reducing the temperature

and increasing the pressure, are included in this definition. [GaSBS,

LiQCETACTioN OP.] Still however there exists this difference between
bodies in the elastic state :—vapours generated by the agency of

artificial heat are reduced to solids or liquids when the heat is with-

drawn ; while gases preserve their oi'riform state at common tempe-
ratures. It must however be admitted that the difference is one o{

degree only, and though not an essential one, it is usefully retained.

The number of gaseous bodies is great, and they possess in many
respects such difi'erent properties, that it would be impossible to give

a general description of them. The qualities therefore peculiar to each

gas will be stated under its proper h«td ; thus it will appear that some
gases are elementary or simple in their nature, while by far the greater

number are compound bodies ; few of them exist in nature, but are

mostly the products of chemical agency. Oases differ as to colour,

odour, taste, specific gravity, and solubility in water ; they v,iry also

in their effects upon the animal economy, and in their relations to

heat : most of them are either combustible or supporters of combustion,

but one important gas at least belongs to neither class. Their powers
of chemical combination are also extremely different ; two gases only

possess alkaline properties, whilst there are several gaseous acids.

One most important circumstance relative to gaseous bodies has been
much discussed, and very opposite conclusions have been arrived at

respecting it by philosophers of eminence ; it is this, whether all gases,

tmder the sauie volume and pressure, have the same specific heat.

That this is the case, has been maintained by Haycraft, and Harcet
and Delarive, and some others ; while Dalton, Delaroche and Berard,

Dulong and Dr. Apjohn, &c., are of opinion that equal volumes of

different gases have not the same specific heat under similar cir-

cumstances.

It would be useless to detail the processes or to describe the
apparatus by which chemists and jihysicists have arrived at such dis-

cordant results. The experiments of DeUroche and Berard, which are

in general most relied upon, though complicated, were made with great

care ; they transmitted known quantities of gas, heated to 212" in a
uniform current, through a calorimeter, the serpentine of which was
surrounded with water, the temperature of which, as well as of the
gas at its exit, being ascertained during the course of the process by
Very delicate thermometers. These chemists operated with a consider-

able quantity of gas, and used other precautions to avoid the errors into

which other experimentalists had fsdleu.

The following is a statement of the results obtained by Delaroche
and Berard, Dulong, and Apjohn, of the specific heats of equal volumes
of the gases mentioned, under eqvial pressures :

—

Delaroche

and Berard. Dulong. Apjohn

Atmofpheric air . . 1000 1000 1-000

Nitrogen . . 1000 1-000 10<g
Oxygen . -976 l-OOO •808

llvdrogcn . . -oos 1-300 I'4SU
Carbonic acid . 1-338 1.172 llOS
Carbonic oxido . . 1034 1000 -996

Nitrous oxide . . l-3i0 1-159 1193

Dr. Apjohn observes that the numbers which he has arrived at

correspond tolerably well with those of Delaroche and Berard, except

in the cose of hydrogen ; and he admits that he does not speak
with much confidence of the numbers attached to nitrogen and
oxygen.
There are some other properties which gases possess in common

though they vary in degree. There is however one circumstanoe in

which they all agree, whether they are elementary or compound, and
whatever may bo the difference of their specific gravity : they are sub-

ject to suffer the same increase of volume, when subjected to the same
increase of temperature.

According to Dalton, when 100 volumes of air are heated from 32°

to 212*, they beoome 132-5 volumes ; by Gay-Luaaac's experiments

they increase to 137-5 volumes; by Crichton's to 137 48 : the expan-

sion therefore of each volume, according to Dalton is ,((, to Uay-
Lussac j^ and to Crichton

jfj./,
for one degree of Fahrenheit's ther-

mometer*
The discovery of this law has supplied chemists with a simple rule

for determining what the known btilk of a gas at any temperature will

beatanyoth^r temperature. Suppose, tor example, it is desired to

know what ths bulk ot 100 oubio Inohsi of air at 82' will bt at UQ* |
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subtract 32 from 480, the remainder is 448 ; to which add the degrees

above zero indicating the temperature of the air, these are 32° and 60°,

making 480 and 508. Then say 480 : 508 : : 100 : 105 • 832, the volume
of the air at 60°.

It is well known that air suffers diminution of volume in proportion

to the pressure to which it is subjected, and the same law holds good
with all the more incondensible gases. In chemical analyses it is often

requisite to make corrections for variations of barometric pressure, as

well as of temperature in estimating the quantity of ga.9eou8 products.

The following are the rules for this purpose, given by Professor

Faraday in his work on chemical manipulation :
—" A pressure of

30 inches of mercury, as observed by an accurate barometer, has been
assumed as the mean height or barometric preemre, and volumes of gas

observed at any other pressure frequently require to be corrected to

what they would be at this point. For this purpose it is only necessary

to compare the observed height with the mean height, or 30 inches,

and increase or diminish the observed volume inversely in the same
proportion. Thus, as the mean height of the barometer is to the

observed height, so is the ob8er\'ed volume to the volume required.

Ab an instance, suppose that 100 cubic inches of gas have been observed

when the barometer stood at 30°7 inches : then, as 30 inches, or mean
height, is to 30'7 inches, or ob8erve<l height, so is 100, or the observed

volume to a fourth proportional, obtained by multiplying the second
and third terms, and dividing by the first: thus, 307x100= 3070,

which divided by 30= 102333 cubic inches; this would be the volume
of the gas at 30 inches of barometric pressure. Again, suppose a

quantity of gas amounting to 20 cubic inches standing over mercury in

a jar, the level of the metal within being 3 inches above that without,

and the barometer at 29-4 inches. Then the column of 3 inches

mercury within the jar, counterbalancing 3 inches of barometric

pressure, instead of being 294, the latter is effectively only 264, and
the correction will be, as 30 inches is to 26"4 inches, so is the 20 cubic

inches observed to 17'6 cubic inches, the volume which the gas would
really occupy if the mercury were level within and without the jar,

and the barometer were 30 inches."

It is very commonly requisite to make corrections both for tempe-
rature and pressure in the same volume of gas, and it is of no con-

sequence which is made first.

in chemical analyses various other considerations arise in ascertaining

the quantities of gaseous products ; as for example, the separation of

or making the requisite allowances for the moisture which they contain :

for these, as well as for the various modes of collecting, transferring,

and preserving various gases, we must refer to the very excellent work
just quot«d.

The solubility of gases in water is extremely various. Dr. Henry
thought that the volume of each gas absorbed by water is the same,
whatever be the pressure to which the gas is previously subjected, but
this has since been proved to be not strictly correct. If the weight of

carbonic acid gas be doubled by subjecting it to the pressure of two
atmospheres, water wUl still absorb its owti volume of it. The
following table exhibits the volumes of each gas absorbed by 100
volumes of water at 60° Fabr., and imder a pressure of 30 inches of

mercury :

—

Absorption

in Volumes. Authority.

Cyanogen 450 . . Gay.Luasac.

Sulphuretted hydrogen . . . 36G-6 . . Thornton.

Chlorine 200 . . BerthoUct.

Carbonic acid . . . . 106 . . Cavendish.

Nitrotu oxide . . . .76 . . SauRSure.

Oleflant gss 15'3 . . Baussure.

Phospburetted hydrogen . . 5 . . Thomson,
Nitric oxide 3-7 . . Dalton.

Oxygen 3*7 . . Henry.
Carburetted hydrogen . . . 3*7 . . Dalton.

Azote . , . , . 2-S . . Dalton.

Carbonic oxide . . . . 2-01 , . Henry.
Hydrogen . . . . 2 . . Dalton.

It may be observed, that in general the more easily a gas is con-
densable by cold and pressure, the more soluble it is in water : this

will appear by comparing the above statements with that containing
the pressure at which Faraday liquefied various gases. For more
recent and accurate researches on the solubility of gases in water at
different temperatures, see Bunsen's ' Oasometrio Analysis,' translated
by Dr. Roscoe.

A carious property of gases, and^josscssed by them in very different

degrees, is that of their condensation by porous bodies, and especially
by charcoal. [Carbon.]

A curious fact with respect to mixtures of gases was discovered by
Dr. Priestley, which he thus states :

" Different kinds of air that have
no affinity do not, when mixed together, separate spontaneously, but
continue diffused through each other." This he proved to be the atse
by several experiments ; and more especially by one, in which he found
that he was able to explode hydrogen and oxygen gases, which had
long remained together, and which he justly argues must have been
mixed, or he could not have fired them by an electric spark, in a vessel,

the wires of which were at the top. He adduces this experiment to
iUuttrate the, faot that tha gut» which constitute the atmosphere do

not separate according to their respective gravities, though they do
not combine. (Priestley's ' Experiments, &c.,' vol. vi, p. 391.)

These experiments were repeated by Dr. Dalton, and he inferred

from them that the particles of one gas, though repulsive to each other,
do not repel those of a different kind ; and that one gas acts as a
vacuum with respect to another. If therefore a vessel full of carbonic
acid be made to communicate with another of hydrogen, the particles

of each gas insinuate 'themselves between the particles of each other
till they are equally diffused through both vessels. This theory ac-

counts not only for the mixture of gases, but for the equable diffusion

of vapoura through gases and through each other.

Another obsei-vation made by Dr. Priestley, and related with others
of a similar kind ('American Phil. Trans.,' vol, v.), appears to have
been entirely overlooked. He found that though a glass vessel was
perfectly air-tight, yet if it had been broken, and the pieces joined
with paint or cement, hydrogen gas contained in it would be changed
for the external air, Dobereiner has since remarked the escape of

hydrogen gas by a iissure or crack in glass receivers. Professor Graham,
in an elaborate paper on this subject, has shown that gases diffuse into
atmospheric air aud into each other, with different degrees of ease and
rapidity, the lighter ones escaping most readily, so much indeed, that
hydrogen escapes five times more quickly than carbonic acid gas, which
is about 22 times heavier, [Diffusion.]
To Dr. Priestley also we are indebted for the important discovery

that gases can pass through membranes which are perfectly air-tight,

and by this action he explained that of the atmosphere upon the blood
in the lungs. In the memoir above alluded to he has also shown, that
when a bladder containing hydrogen is put into a vessel of oxygen, or
one with oxygen into a vessel of hydrogen, the bladder and the vessel

of gas both contain both gases, owing to the passage of the gases from
and into the bladder. It is also stated by Professor Graham, that if a
bladder, half filled with air, with its mouth tied, be passed up into a
Urge jar filled with carbonic acid gas, standing over water, the bladder,
in the course of twenty-four hours, becomes greatly distended by the
insinuation of the carbonic acid through its substance, aud may even
burst, while a very little air escapes outwai'ds from the bladder. This
however he does not consider as a case of simple diffusion ; the result

depends, first, upon carbonic acid being a gas easily Uquefied by the
water in the substance of the membrane, and therefore the carbonic
acid penetrates the membrane as a liquid ; secondly, this liquid is in
the highest degree volatile, and therefore evaporates very readily from
the inner surface of the bladder into the air confined in it. The air in
the bladder comes to be expanded in the same manner as if ether
or any other volatile fluid was admitted into it. Professor Oraliam
further observes, that in the experiments of Dr. Mitchell and Faust
and others, in which gases passed through a sheet of caoutchouc, it is

to be supposed that the gases were always liquefied in that substance,
and penetrates through it in a fluid form ; and it is also to be noticed,
that it is generally those gases which are more easily liquefied by cold
or pressure that pass most readily through both caoutchouc and htunid
membranes.

Dr. Mitchell found that the time required for the passage of equal
volumes of different gases through the same membrane waa

—

1 minute with ammonia.
24 minutes with hydrosulphuric acid.

34 „ » cyanogen.

64 •» Ciirbonio acid.

64 ,, nitrous oxide.

274 „ arseniuretted hydrogen.
28 olefiant gas.

374 „ hydrogen.
113 „ oxygen.
160 carbonic oxide.

And a much longer

time with nitrogen.

In concluding we may observe that gaseous bodies are of the highest
importance, as connected not merely with the well-being, but eveu
with the existence of animals: two of them, oxygen and nitrogen, form
our atmosphere ; two of them, hydrogen .ind o.xygen, constitute water

;

oxygen united with silicon and vaiious metals forms the greater pai-t

of the crust of our globe ; and chlorine is one of the elements of
common salt.

GAS-LIGHTING, Chcm'Mnj of. The manufacture and consumption
of gas for illuminating purposes is a process involving applications of
chemistry at almost every step. There are, however, three distinct
portions of the operation, the successful carrying out of which pecu-
liarly require a knowledge of certain chemical principles : namely,
1st, the generation of gaa : 2nd, its purification ; and 3rd, its combus-
tion for the production of light. We will, therefoi-e, consider these
points seriatim.

I. Generation of Ga».—The generation of nearly all kinds of gas for
illumiuating purposes is a process termed by chemists destructive distil-

latioii, and consists in placing coal, or other similar substance, in close

vessels heated to a temperature varying from a red to a white heat.

In practice, the vessels used are generally retorts, constructed either of

cast iron or clay. The organic substances thus heated consist almost
entirely of the elements oarbon, hydrocen and ozygenj with small pro
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portioM o( aitrofan and tulphur. On ezpoeure to tha beat of tho

tetort*. Uia hydrogoa Mopat partly in • fr«« lUta and partly onmbined
with Ui« oUiar alamanta, carbon, ozygan, nitrogvn, and aulpbur ; the

osyian oouibinaa partly with hydro^an, forming aqueoui vapour, and
partly with carbon, producing carbonio oxide and carbonic acid gasaa

;

the uitro;;:en is erolvod chieBy aa ammonia, but partly alao aa cyanogen

;

the sulphur chieHy aa aiil|ihurettad hydrogen, but likeviaeaabuulpbide
of carbon ; whilst a considerable proportion of the moat flxad element,
the carbon, remAins in the retort as ookt. Several of the gaaeoua or
volatile compounds thua formed unite with each other to form second-
ary compounds. Thus, portiona of the carbonic acid, aulphuretted
hydrogen, and cyanogen, unite with ammonia to form respectively,

carbonate of ammonia, sulphide of ammonium, and cyanide of ammo-
nium. After leaving the retorts, these vulatile and gaaeoua mattera
ara oooled down nearly to atmospheric temperature, when nearly

all the vaporona matten condense, forming a liquid oonsisting of two
layers, a lower one called tar [Coal Tar], and an upper one con-

taining chiefly the ammoniacal compounds above mentioned dissolved

in water. [Uas Liquob.] The ])ermanently gaseous product of the
operation is called erode or impure gas, and generally contains the
whole of the following ingredients :

—

Name. Chemical Formola.

/Oleflantgas C.H,
niuminating I Other hfdncarboiu . . . . Cnlln
consUtuenU. 1 ll«nzolo CitH*

\ Other hydrocarboiu . . . . CnH(n-6)

fLU-ht
carbureltcd byilrogen . . C,IIj

n.vdrogen H
Carbonic oxide .... CO

1

Carbonic acid CO,
Sulphuretted hydrogen . . , B8
Aqueous vapour . . . . UO
Ammonia Nil,
Bisulphide of carbon . . . . Cti,

The total quantity of these constituents, as well as the relative pro-

portions in which several of them are generated, depends greatly upon
the temperature at which the distillation is conducted. As a general
rule, the lower the temperature the less gas is produced, but the
greater is its illuminating effect when burnt. On the other hand, when
a higher temperature is employed, a large volume of gas, but of inferior

quality, is obtained.

Abstracting the impiunties in the above list, it will be seen that gas
contains two classes of uonstituenta : namely—luniiniferous consti-

tuents, or gaaee yielding light on combuatiou ; and diluents, or non-
luminiferous constituents, gases which piactically yield no light on
combustion. To the first class alone is the illuminating power of gas
due ; but one, at least, of the nou-luminiferous gases is also necessary
in order to enable the first class of constituents to bum without smoke
and consequent loss of light. The members of the first class are all

decomposed slowly at a red, and rapidly at a white, heat, depositing a
large amoimt of carbon in the solid forui, and being resolved into non-
luminous gases. It is therefore obvious that, in the process of gas-

making, more or less of these valuable constituents must be thus
deoompoaed ; the amoimt depending, on the one hand, upon the length
of time during which they are exposed to a high temperature, and on
the other, upon the number of the particles of such constituents which
come into contact with the heated walla of the retort. Two methods
for the prevention of this daoompooition present themselves. The first

consists in the rapid removal of the gases from the retort, and the
second in the dilution of the luminiferous gases, whilst still in the
retort, by tho admixture or injection of non-luminous constituents.
The first of theae remedies baa been extensively applied in the form of
exhausters, which greatly fitcilitate the escape of the gases from the
retorts, whilst both remedial measures have been secured in White's
process of gas manufacture, in which a current of non luminous gases
It made to sweep through the fetort, and thua rapidly remove the
deoompcaable luminiferous constituents. This latter process, however,
though undoubtedly Ijoscd upon sound philosophical principles, has
not come into extensive use, owing to certain mechanical difficulties in

canning it out.

The objects to be kept in view In the generation of gas for illumi-
nating purpoees are the following :

—

1. The formation of a due proportion of iUumiiuting and non-
illuminating constituent* ; so that, on the one hand, the combustion of
the gas shall be perfect, and without the production of smoke or
UDpleaaant odour ; and, on the other, the volume of gas required to
produce a certain amount of light shall not be too great. For the pro-
dnetion of an amount of light equal to that of twenty sperm candloa of
six to the pound, a consumption of gaa greater than five cubic feel per
hour ought not to be required.

2. The extnction of the largest possible amount of gaaeoua illumi-
BaUoceompoonds from a given weight of materials.

8. The preaeoce of the lai^gest possible proportion of hydrogen
anMB^t the non-flluminating constituents, to tho exclusion of hght
eaibui oiled hydrogen and oarb<mic oxide, so aa to produce the least

amotint of heat ana atmoepheric deterioration in the apartments where
thk gaa is oonaumod.

U. Pmnjieation iff Gal.—A referanoe to tha list of subatanoaa eon-
tained in crude or impure gas, given above, showa that there ara fiva

distinct compounds, all of whlim must b« regarded aa impuritiea. Of
theae, however, two—namely, binulphide of carbon and aqueoua vapour
—may be left out of consideration, linoe tha first, although highly

objectionable in gas, aa the cauae of the sulphurous odour always per-

oeivad when gaa is burnt in unventilated aportmeuta, cannot be removed
by any practicable process ; whilst the second, whioh does little harm
except diminish to some extent the illuminating power of the gas,

oaimot readily be abstracted, owing to the hydraulic nature of the

apparatus used for the storage and maaaorsment of gaa. The prooesaea

uiad for the purification of gas are tharofora restricted to the removal
of sulphuretted hydrogen, carbonic acid, and ammonia. One hundred
volumes of crude gaa contain on an average the following quantities of

these impuritiea :

—

Carbonic acid 2'5

Sulphuretted hydrogen '8

Ammonia 15

The two chie ingredients used for their removal, with more or less

success, are hydrate of lime and bydrated peroxide of iron.

The firjt was formerly uaed suspended in water as milk of lime,

through which the gas was made to bubble ; but it ia now almost

universally employed in the solid pulverulent form. By direct chemical

affinity, the hydrate of lime removes only sulphuretted hydrogen and
oarbonio acid from the impure gas ; but the water which it contains

enables it also to remove the greater part, at least, of the ammonia.
The sulphuretted hydrogen forms, with hydrate of lime, water and a

non-volatile sulphide of calcium, according to the following equation :—

CoOHO -f HS = CaS -t- 2H0.

Carbonic acid is rapidly absorbed by hydrate of lime, forming a
basic carbonate, thus :

—

2(CaO no] + CO, = CaO CO, -f CaO HO -I- BO.

Buic carbonate of line.

In both these reactions water is set at liberty, whioh aoaists in

absorbing and retaining ammonia as mentioned above.

When hydrated peroxide of iron is used for the purifloatiou of

gas, the carbonic acid is totally unacted upon, but the ammonia is

perhaps more completely absorbed than by the lime process. The
carbonic acid is either subsequently absorbed by alaked lime or, as is

more frequently the case, it is suGTered to remain in the gas, oocaaioning

a considerable loss of light, but no additional nuisance to the consumer.

The action of hydrate and peroxide of iron in removing sulphuretted

hydrogen consists in the formation of sulphide of iron, water and free

sulphur, thus :

—

Fe,0„ 3H0 -f 8HS = 2Fe8 -f 8 -h 6H0.

The cost of hydrated peroxide of iron would effbctually prevent Its

use, if, like lime, it were only once available for the purpose ; but the

peculiarity and value of this oxide as a piu-ifying agent consist in its

capability of revivijlcation

;

—that is, restoration to its original con-

dition, or nearly so. This is efiieoted by simple exposure to atmospheric

air, the oxygen of which is so rapidly absorbed by tho sulphide of

iron as to occasion considerable risk of ignition unless the supply of

air be moderate. Hydrated oxide of iron is regenerated, and the

Bulphiu- previously combined with the iron is set at liber^ in the

following manner :—

irtS + »0 -i- »H0 = Fe,0„ SHO + 38.

This alternate absorption of sulphuretted hydrogen and revivification

might probably be carried on for an infinite number of times, were

it not that the free sulphur ultimately accumulates to such an

extent as to greatly reduce the efficiency of tho mixture, and the

sulphur therefore requires occasional removal either by distillation or

roasting.

As it reaches the consumer, gas is very no^ly contaminated with

even a trace of suliUiuretted hydrogen, but it frequently contains

carbonio acid and invariably bisulphide of carbon, to which latter

substance, giving iis it does sulphurous acid on combustion, nearly all

the annoyance experienced from the use of gas in dwellini^-houses is

due. In conclusion, sulphuretted hydrogen may be readily dotectwl

in gas by allowiug a jot of the latter to blow upon a piece of white

paper moistened with a solution of acetate of lead ; the slightest dis-

coloration of the paper shows the presence of sulphuretted hydrogen.

Carbonic acid is best detected by allowing the gaa to bubble through

clear and transparent lime-water which will l>ecoiuc turbid if the auid

gas be present. Ammonia is recognised by allowing a jet of the g-os

to blow against paper tinted yellow with mfusiun of turmeric
; ainniouia

changes the yellow of this imjier to reddish brown. Bisiilohide of

carbon is detected by condensing tho aqueous vapour formed by a gas

Qame : if the condensed product redden htuius pai>er this impmity is

present.

III. The combutum of jwi.—The production of artificial light

depends upon the fact, that at certain high temporatm-es all matter

becomes luminous. The higher the temperature the greater is the
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ftiteneity of the light emitted. The heat required to render matter
luminoiis in its three states of aggregation difiers greatly. Thus, solids

are sometimea luminous at comparatively low temperatures, as
phosphorous and phosphoric acids. Usually, however, solids require a
temperature of 600° or 700° Fahr., to render them luminous in the
dark; and must be heated to 1000° Fahr. before their luminosity
become* visible in daylight. Liquids require about the same tem-
perature. But to render gases luminous, they must be exposed to an
immensely higher temperature ; even the intense heat generated by
the oihydrogen blowpipe scarcely suffices to render the aqueous vapour
produced vi.siblv luminous, although solids, such as lime, emit light of
the most dazzling splendour when they are heated in this flame.
Hence, those gases and vapours only can illuminate, which produce or
deposit solid or liquid matter during their combustion. This depen-
dence of Ught upon the production of solid matter is strikingly seen in
the case of phosphorus, which when burnt in chlorine produces a light
scarcely visible ; but, when consximed in the air or oxygen, emits light
of intense brilliancy ; in the former case, the vapimr of chloride of
phosphorus is produced, in the latter milid phosphoric acid.

Several gases and vajiours possess this property of depositing solid
matter during combustion, but a few of the combinations of carbon
and hydrogen are the only ones capable of practical application : these
latter compounds evolve during combustion, only the same products as
those generated in the respiratory process of animals, namely, carbonic
acid and water. The solid particles of carbon which they deposit in
the interior of the flame, and which are the source of light, are entirely
consumed on arriving at its outer boimdary ; their use as sources of
artijieittl light, under proper regulations, is therefore quite compatible
with the moBt stringent sanatory rules.

The light emitted dm-ing the combustion of coal gas is due entirely
to the illuminating class of its constituents, which yield an amount of
light proportional to the quantity of carbon contained in a given
volume ; thus, propylene and hutylene yield respectively 50 and 100 per
cent, more light than olefiant gas, because they contain respectively 50
and 100 per cent, more carbon in a given volume.

It would not be desirable to employ a gas containing only lumini-
ferous ingredients, even if it were possible to manufacture such a gas,
because it is exceedingly difficult to consume these constituents with-
out the production of smoke attendant on imperfect combustion. An
inflammable diluting material is therefore necessary to give the flame
a sufficient volume, so as to separate the particles of carbon farther
asunder, and thus diminish the risk of their imperfect combustion.

All the three diluents above mentioned perform this office equally
well ; but if we study their behaviour during combustion we shall find
that in a sanatory point of view hydrogen is greatly to be preferred.
The two objections most fr«quently urged against the use of gas in

apartments are, firet, the heat which it communicates to the atmos-
phere

; and, second, the deterioration of the air by the production of
carbonic acid. Now, in their action upon the atmosphere in which
they arc consumed, the above three diluents present striking diUer-
ences in these two respects.

One cubic foot of light carburetted hydrogen, at 60* Fahr., and 30
inohea barometrical pressure, consumes two cubic feet of oxygen during
its combustion, and generates one cubic foot of carbonic acid, yielding
a quantity of heat capable of heating 6 lbs. 14 oz. of water from 82' to
212"; or causing a rise of temperature from 60° to 80-8° in a room
containing 2500 cubic feet of air.

One cubic foot of carbonic oxide at the same temperature and
pre(8\ire, consumes during combustion half a cubic foot of oxygen,
generates one cubic foot of carbonic acid, and afibrds heat capable of
raising the temperature of 1 lb. 1* oz. of water from 82° to 212' ; or
that of 2500 cubic feet of air from 60° to 86-6".

One cubic foot of hydrogen at the same temperature and pressure,
consumes half a cubic foot of oxygen, generates no carbonic acid,
and yields heat capable of raising the temperature of 1 lb. 18 oz
of water from 82* to 212°; or that of 2600 cubic feet of air from
60° to 66 4°.

This comparison shows the great advantage which hydrogen possesses
over the other diluents, especially over Ught carburetted hydrogen,
which is evidently a very objectionable constituent, and shows that a
normal gas for illuminating purposes should consist of illuminatinR
hydrocarbons diluted with pure hydrogen.
As an illuminating agent gas is superior to all others in an economical

pomt of view, as seen from the following table, showing the compara-
tave cost of light from various sources equal to 20 sperm candles, eachbnmmg for 10 hoiun at the rate of 120 grains per hour :—

t „, ». i.

J^" • 7 2*
Sp«rmacett 6 8
Tallow '.'las
Sperm oil (Carcel's lamp) . .

'
. .'

i lo
London gas • , , , , , 44
Usnchntcr gas

! 3
LlTerpool gas 2'

As regards the production of a minimum amount of carbonic acid

2« w
'' *^ ** *'*' 8™**'y »"?«"<" to other light-giving agents, as

wax be seen from the following comparison, showSg the absolute

amounts of carbonic acid and the relative quantities of heat generated
per hour, by various sources of light each equal to 20 sperm candles
burning at the rate of 120 grains per hour :

—

Carbonic Acid. Heat.

. 10*1 Cubic feet. 100

}
8-3 „ 82

• 6-4 „ 83
5-0 „

• 4-0 „
. 30

Tallow .

Wax ....
Spermaceti . ,

Sperm oil (Carcel's lamp)
London ^s , .

Manchester gas • ,

Liverpool gas • «

47

3]

33

Notwithstanding the great economy and convenience attending the
use of gas, and in a sanatory point of view, the high position which,
as an illuminating agent, coal gas of proper composition occupies, its'

use in dwelling-housea ia still extensively objected to. The objectious
are partly well founded and partly groundless. As is evident from the
foregoing table, even the worst London gases produce, for a given
amount of light, less carbonic acid and heat than either lamps or
Candles

;
but then, where gas is used, the consumer is never satisfied

with a light equal in brilliancy only to thiit of lamps or candles, and
consequently, when three or four times the amount of light is produced
from a gas of bad composition, the heat and atmospheric deterioration
greatly exceed the corresponding effects produced by the other means
of illumination

: but by using a gas of high illuminating power, like
those of Liverpool or Manchester, it is evident that two or three times
the light may be employed with the production of no greater heat or
atmospheric deterioration than that caused by wax candles, or the best
constructed oil lamps.

But there is nevertheless a real objection to the emploj-ment of gas-
light in apartments, founded upon the production of sulphurous acid
during its combustion ; this sulphurous acid is derived from bisulphide
of carbon, which has already been referred to as incapable of removal
from the gas by the present methods of purification.

This impurity, which is more or less encountered in aU coal-gas
now used, ia the principal, if not the only, source of the unpleasant
symptoms experienced by many sen.sitive persons in rooms lighted with
gas. It is also owing to the sulphurous acid generated during the
combustion of this impurity, that the use of gas is found to injure
the binding of books, and impair or destroy the delicate colours of
tapestry; therefore the production of gas free from this noxious
sulphur compound is at the present moment a problem of the highest
importaooe to the gas manufacturer, and one which demands his
earnest attention.

As it is impossible for the consumer to procure gas free from this
objectionable compound, the only method of obviating its unplea-
sant and noxious eflects, is to remove entirely the products of com-
bustion from the apartments in which the gas is consumed, and thus
prevent them from mingling with the circumambient air. This sug-
gestion was firat m.-ule by Faraday, who accomplished this object
by his very beautiful and eflective ventilating burner. This appa-
ratus, which is used at Buckingham Palace, Windsor Castle, the
House of Peers, and in many public buildings, may be truly said to
have brought gas illumination to perfection ; for not only are all the
products of combustion conveyed at once into the open air, but nearly
the whole of the heat is in like manner prevented from communicating
itself to the atmosphere of the room. The only obstacles to the uni-
versal adoption of this description of Jaurner .ire its expense, and the
difficulty of conveying the ventilating tube safely into the nearest flue
without injuring the architectural appearance of the room. The public
at large will therefore still await the removal of the objectionable
compound in question, by the gas manufacturer, before they will uni-
versally aflopt this otherwise delightful means of artificial illumination.
For the method of analysing gas, and for the chemical mode of deter-
mining its illuminating power, see Gabometbic Analysis, Analysit of
C'lxil 0(u.

GAS LIQUOR. In the manufacture of gas for illuminating pur-
poses, by the destructive distillation of coal, certain liquid products
are always obtained. Evolved from the heated coal in the state of
vapour, they condense by the mere cooling of the gas, and then separate
into two portions, the one having an oily character and constituting
eoat-lar [Coal-tab]

; the other being water containing some matters iu
solution, and known as gaaliquor, or the ammoniaoal liquor of the
gas-works.

The substances contained in this solution are ammoniacal gas, and
the following compounds of ammonia with volatile acids :

—

Carbonate of ammonia.
Sulphate of ammoula, ^
Sulpbicje of ammonium,
Chloride of ammonium,
Ferrocyanide of ammonium.

On account of the immense demand for ammoniacal salts by metal-
lurgists, calico-printers, colour-makers, artificial manure manufacturers,
and others, gas-liquor, although a secondary product in gas-manufacture]
is of considerable commercial value. The various methods that a
knowledge of chemistry would suggest for the extraction and working
of the ammonia contained in gas-liquor have consequently formed the
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baau lot much ipMuUtion, aad mutj faUaiM ambodying thow
m»>hod« bare baaa takan oat For Mnne purpoMi it ii lufficient to

add hTdroehlorio or •ulpluuie acid* to the crude gaa-Uquor, to well

agitate the mixture, allow impuritiee to aufaaide, oonoentrate to the

cTTstalliiiiiKpoiiit, aiid ezpoee the cryctaU to a aUgfatly elevated tem-

perature. The reeulting illt ie still of course very impure, but serves

for the prepantion of carbonate of ammonia by sublimation with

chalk ; or oertain portions of the impure chloride alune may be farther

purified by sublimation. For purpoaes in which purer ammoniacal
salta are desired, the «mmniii« a displaced from its combinations in

gas-liquor by a striMiger base, usually lime ; it is separated from the

resulting lime-aalta and impurities by distillatory processes, and its

vapour condensed in water containing the aoidKavith which it is wished

to unite it From these solutions the salts are obtained by evaporation

and crystaUisati<n.

For a list of, and details concerning the various patented processes

for "the manuikcture of ammonia and ammoniaral salts from the

ammoniacal water* of coal gas-works," see ' Pharmaceutical Journal/

vol. xiii., first series, pp. 68 and 118.

OAS, MANUFACTCRE OF. There are few more remarkable illus-

trationa of the occasional stagnation of human invention for long pcriuds,

and of its subsequent feverish activity, than may be discovered in the

history of artificial lighting. It is true that from a passage in Ammianus
Marcellinus, in which he speaks of the towns in the time of Constantius,

a.D. 8S8, and says that it was easy for conspirators to carry on their

treason in them, " ubi pemoctantium luminum claritudo dierum solet

imitare fulgorem," it may be supposed that the ancients paid some
attention to the lighting of their streets, but the most elaborate critical

investigations, and the most careful observations upon the remains uf

antiquity, have &iled to discover traces of any other system of lighting

amongst the Greeks or Romans, than very rude oil lamps without
chimnies, candles of very imperfect manufacture, torches, or open coal

fires. The same methods of public and of private lighting were
retained, without improvement, throughout the middle ages ; nor was
it indeed until about the end of the 17th century that anything like

, a regular system of public lighting was attempted in any of the capitils

of Europe. The first decided steps towards the improvement of this

important detail of domestic comfort and public security, seems to

have been taken under the guidance of M. de Sartines ; for under his

protection Laugrin introduced the reflector lamps, which were subse-

quently improved by Quinquet ; and finally Argantl peKected the

ordinary oil lamps, by the introduction of the cylindrical wick and
chimney, with a double current of air. Letters patent for this inven-

tion were granted on 5th January, 1787, but they were abolished during

the French revolution of 1798.

Whilst the methods of .irtificial lighting were thus slowly progressing

in the beaten track, Hr. Murdoch was engaged in experiments on the
combustion of coal gas ; and in 1792 he lighted his house and ofiiees at

Redruth in Comn'all, by that means. In 1798, Murdoch also lighted

the shops of Hessn. Bolton and Watt at Soho with " inflammable gas ;

"

and in 1802 it appears that a M. Lebon proposed to light a. jiortion of

Paris in a similar manner. The Jesuits' College at Stonyhurst, was
amongst the earliest pubUc institutions to adopt the " new light ;

" and
it waa in the course of executing this work that Mr. Clcgg introduced

the method of purifying the gas by passing it through lime water

;

this took place about 1807. In the same year Mr. Winsor, who had
taken a very conspicuous part in diffusing the knowledge of the new
method of lighting, obtained permission to apply his apjtaratus to a
few lamps in Pall Mall. The first act for the establishment of a gas

company was passed in 1810, and under its powera the Chartered Qas
Company commenced operations, in spite of the sneera of scientific

men and the opposition of practical ones. It was not until the 31st of

December, 1813, that gas lighting was employed on a large scale in

streeta, by the lighting of Westminster Bridge; and on April Ist,

1814, the parish of St. Margaret's Westminster substituted gas for oil

throughout their district. About the beginning of the year 1820
Paris imitated the example thus set ; and subsequently to ^t period
almost every city of importance in England, and on the continent, has
adopted the use of gas. The meter, for registering the consumption of

gas, was invented in the year 1815 by Mr. Crosley, and since that
period gna has been commonly applied in lighting private houses. It

may convey some idea of the importance of the gas manufacture of

London to state here that there are no less than nineteen compmiea
established for this purpose, with a paid up capital of nearly six
millions sterling.

The manufacture of gaa is conducted upon rather different principles

in the Large establishments of such a town as London, from those
obaerred in the majority of small country works ; and it will therefore
be dasirabla to notice in detail the various processes of the manufacture,
in order to explain some of the reasons for these particular variations.

In so doing, the system to be observed is that of the ordinary course of
manufacture ; or to discuss, 1st, the carbonisation and distillation of
tb* coal ; 2nd, the condensation and purification ; 3rd, the storage of

the gas; 4th, the distribution, under the sub-divisions of the mains
and of the fittings; and 6th, the accessory buildings, or processes

emi^oyed. The conditions connected with the discharge of the public
service by private companies, or by municipal bodies, will form the
subject of a special arUcle [PuBUC LiouTUCo], on aocoimt of the

warm discussions which have lately taken plaoe, and of the «twgiiW
differences of system which prevail m the matter.

1. The distiUation of the coal, or the prooess by means of which the
illuminating gases are separated from the solid carbon of the coal, is

effected in close vessels known by the name of retortt. These retciii

are at the present day long, olcaed, horizontal vessels of cast iron, or of

fira day, or occasionally in large town.worka they are built up with
fire bricks ; and, as might be expected, they are of every variety of

form and cubical capacity. OenigraUy speaking, however, retorts of

cast iron are made of the shape of the letter D, and they are about 7
feet 6 inches long, by 20 inches wide, and 12 inchea deep; their

capacity being su(m as to allow them to carbonise 120 lbs of coal in

each charge. The clay retorts are sometimas made of the same form
and dimensions aa the iron ones, but they are very frequently made
perfectly cylindrical ; or in large works Uiey are made in lengths of

about 16 inches, joined together with fire clay, so as, in fact, to form
ovens about 7 feet long by S feet wide, and 18 inches high, as in soma
of Mr. Grafton's works ; or, as in the case of the Phoonix Works, London,
they are put together in three pieces, making retorts of 20 feet long,

by 16 inches diameter. There are numerous descriptions of retcut

ovens formed of fire tiles and bricks now in use in the London gaa
factories, such as those for instance of the Westminster station of the

Chartered Company, which are about 22 feet clear length, by about
20 inches wide, and 18 high, and are fed from both ends; or again
in Paris, and at the London Gas Works, Vauxhall, a large oven is

occasionally used, capable of carbonising as much aa six tons of coals

at a time, for the purpose of obtaining a description of coke adapted
for foundry, or other anidogous purposes, at the same time that the
illuminating gaaea are secured.

Q

Now the differences we thus find to prevail in the shape, dimensions,
and materials of gas retorts, extend likewise to the manner of their
arrangement in the same bed, as the assemblage of retorts heated by
one furnace is called. According to the sixe of the locality to be
supplied, 1, 2, 8, 5, 7, or even as many as 12 retorts are fixed in the
same setting, though it is very questionable whether any real advantage
be gained by exceeding the number of 7 or 8. The advantage of

placing several retorts in one bed, being only that they require, under
such circumstances, less fuel to bring the coal to the required
temperature, there must be a point at which the increased cost of
labour, from the diflSculty of drawing (or removing the carbonised coal

from the upper retorts) must balance the economy of fuel. Assuming
then that seven or eight retorts in a bed are the most convenient ud
economical arrangement in large works, the setting of the retorts in

small works would be regulated on the calculation that each ordinary

D retort will yield a fair working result of from 2S0O to 2700 cubic feet

per day : and the number of such retorts in a bed must bo regulated

accordmg to the size of the town and its consumption of gas, so as to

have the smallest possible number of furnaces alight at the some time.

The nature of the fuel burnt under the retorts may modify the
ordinary course of proceedings, however, and in some cases tha

character of the foimdations upon which the retort beds are placed

may render it unadvisable to concentrate a great weight in one spot.

Whatever be the shape of the ordiiuuy retorts (that is to say, of

those in which no attempt is made to obtain mctallurgic coke), the

exposed end of the retort bean a nouthpiect, to which is attached the

ritinff or ttand-pipe, or the pipe through which the crude gas passes

from the interior of the retort into the hydratUic main, to be described

hereafter. As this mouthpiece is frequently ex]>oeed to severe shocks,

it is made of cast iron, even when clay retorts are used ; and it bean
two ean which receive the ends of the lidt, or covering-jjates, and the

crou-bar$ used for fsstening the lid (by means of a strong s<^uare

threaded screw) to the mouthpiece. The imperviousness of the jtmc-

tion of the mouthpieces and lids is, moreover, assisted by covering the

bearing surface with a luting composed of the spent lime from the

purifien (when that material is used) mixed with fire-clay. The stand-

pipe is usually formed in a separate casting from the mouthpiece, and
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it is bolted on to a species of saddle formed to receive it ; the diameter

at the bottom, in ordinary retorts, being generally about 6 inches.
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and at the top 4 inches. In such cases the length of the stand-pipe is

about 10 feet; but the number of retorts in a bed must naturally

affect this dimension. At the top of it there is &tted one end of a
short bent pipe, known as the H-pipe, or the brldf/e-jticre^ which by its

other end is connected with the detctndiny pipe, and by it with the
hydraulic main ; the lower end of the descending pipe being carried

about two or three inches below the surface of the water and tar of the
main, and thus converted into a species of hydraulic seal, to prevent
the return of the gas to the retort after it has once risen through the
water. The H-pipes bear at the top a moveable cup.

The hydraulic main is a species of iron trough, rather more than
half lillect with water, which is sometimes carried on columns in front
of the mouthpieces of the retorts, but is, generally speaking, placed a
little within the line of the retort setting, so as to allow of its being
supported from the same. Whether the hydraulic main be wthin or

without the front hue of the retort betls, it must run from one end of

the retort house to the other ; and imder any circumstances it must be
kept sufficiently high to allow good he.-ul-room beneath it, and to
remove it from the direct action of the flames which escape when the
retorts are being chaz;ged. The dimensions of the main must be suffi-

cient to contain the quantity of tar and water which should be able to
cloee the immersed ends of the H-pieces when the mouthpieces of the
retorts are opened ; for at that perio<l the pressure of the gas into the
main will cause the tar to rise in the pipe to a point depending upon
the pressure itself. Another condition to be obser\'ed in the con-
struction of an hydraulic main is, that the exit pi[)e should be placed
above the surface of the tar, in order to prevent any interference with
the passage of the gas to the condensers. A small outlet pipe is

inserted at the ends of the main, through which the surplus t.ir flows
into the tar cistern ; the lower end of this overflow pipe must be care-
fully sealed, in order to avoid any escape of gas through it.

It would perhaps be dangerous in a general deacriirtiou of the process
of gas-making, to attempt to lay down the laws for the construction
add dimensions of the furnaces and flues required for the purpose of
heating the retorts to the requisite temperature for the distillation of
the coal ; because the varieties in the dimensions of the retorts and of
the materials employed in their construction, as well as of the fuel
uaed for heating the retorts, render it necessary to introduce many
modifications in the furnaces. The object to be attained is, to heat
cast-iron retorts to a uniform cherry-red heat, in the interior ; or to
heat clay retorts to a white heat, with the smallest possible expendi-
ture of fuel ; and, after all, much must be left in these matters to the
t»ct and akill of the operative engineer who fixes the work. It is
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usual, it may be here added, to calculate that, when retorts are heated
by the waste coke of the gas factory itself, about from 25 to 35
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per cent, of the coke m.\de is burnt under the retorts. Sometimes tar

is burnt in the furnaces ; but as the local markets for the residual pro-

ducts of gas-making constantly v.ary, it is not advisable to attempt to

discover any general law in respect of the nature of the fuel, any more
than it was in the case of the size and details of the furnaces and flues.

The mode of charging the retorts is another detail of the service of a
retort house in which many differences prevail ; for iu small country
works, where it is important to keep down the outlay for labour, the
stoker is made to charge thoretorts by means of a shovel ; whereas, in

large works, the whole of the charge is frequently placed in a icoap,

and is inserted in the retort at once : the object to be attained in

either case being to distribute the coal for distillation in a uniform
coat of about 5 inches in tliickness all over the bottom of the retort,

and to leave the mouth open for the shortest possible time, in order to

avoid any unnecessary lowering of the temperature. There are, iu

fact, few details in the process of gas-making of equal importance to

the regulation of the temperature of the retorts, and it is impossible to

call the attention of the workmen too forcibly to the subject. If, for

instance, the heat be maintained for any length of time at a very high

point, the retorts will be burnt out rapidly, and the proper quantity of

gas per ton of coal will not be obtained. If, on the other hand, the

heat of the retorts be too low, a large quantity of tiir will be formed,
the quality of the gas will be inferior, and the rate of distillation will

be protracted. When the temperature of the retorts is properly regu-

lated, and the quality of the coals used is of an ordinarily good descrip-

tion, it may generally be calculated that a ton of coals will yield

between 8700 to 9300 cubic feet, measured by the station-meter before

being i)a.s8e<l into the ga-s-holder.

2. From the hydraulic main the gas passes at an average temperature

of 120" Fahr. into the condenieri. The condensers in the best modern
works are formed by means of a series of vertical pipes, whose lower

ends dip in water for the purpose of arresting the passage of the tar

canied over, and which are connected by a second series of inclined

pipes passing from the bottom of the first vertical pipe to the top of

the second pipe. In its passage through these pipes the gas parts with

some portion of its heat by radiation (and therefore the diameter of the

vertical pipes should be made as large as possible) until at last, .at the

final exit pipe, the gas is lowered in temperature to about 60° (but
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oorerad with aoreened poroiu coke ; and the gas, passing through these

materials, and being in its passage exposed to the action of a stream of

water filtering constantly through the coke, parts with the remaining
portion of its tar and a cv)nsiderable portion of the ammonia it holds in

solution. In large works, what is called a Mxuher is often used instead

of a scrubber, and in it the gas is made to pass through a solution of

muriate of manganese, whose action upon the ammonia is the same as,

or even more effectual th.in, that of the scmbber. From thence the gas
passes into the purifiers, where the sulphuretted hydrogen, and many of

the remaining ammoniacal elements it may contain, are eliminated, so

that on leaving the purifiers the gas is fit to be passed through the
ttation-melcr into the goi-holJtrt in a state adapted for household con-

sumption. As a general rule, the exposed surface of the condensers
should bo in the proportion of 150 feet superficial to every 1000 feet of

gas operated upon ; but every description of coal will retjuire a special

treatment in this respect ; because the more highly bituminous coals,

for instance, part with the tarry matters Tolatilise<l in the retorts with
more difficult than do the ordinary ooals ; and it is desirable to retain

much a* possible of those matters, provided that they be not
•xpoaed to deposition at any time in the course of their passage

through the distributing mains.

when the gas leaves the condensers it usually contains impurities,

oonsisting of about 1| parts of ammonia, 8 parts of sulphuretted
hydrogen, and 25 parts of carbonic acid in every 1000 measures of

the gas, according to the author of the very remarkable papers on the
' Chemistry of Coal Oas,' inserted in the 2nd and 8rd vols, of the
' Journal of Oas Lighting.' For the purpose of removing these im-
pxirities it would appear that the most theoretically perfect course
would be to pass the gas, firstly, through cither the siilphate, or the
muriate of lime, and then to pass it through the pure hydrated lime
in powder. It happens, however, that some of the iinpurltien which
•re retained by these forms of lime, namely, the hydro-sulphate of
ammonia, and the hydro^mlphate of lime, are either extremely volatile,

or are susceptible of decomposition on exposure to the air ; an<l under
such circumstances their removal from the purifier*, when the lime
itself has been saturated, gives rise to so great a nuisance that in

crowded distriota, or in the centre of towns, it is necessary to employ
ome other material than lime as the basis of the purification. It is

for this purpoae that metallic salts have lately been introduced ; and
in some of the moat scientifically managed works (as at Liverpool for
instance), the process adopted within a very recent period, boa been
described as being as follows :

" Common green copperas (sulphate of
iron) is put into a mill, a little water being ^ded to make it into a pasty
mass. Slaked lime is then added, in the proportions of one part of lime
to two of oopperaa, with water aufflcient to make the whole, when
gronnd together, of the oonaistenoy of a stiff paste. In this state it is

removed, and cut into pieces with a spade, and as it dries it forms a
powder which consists of sulphate of lime and hydrated scsquinoxide
of iron. The powder, after being sifted b put into the purifier,
where the oxide of iron becomes reconverted into sulphuret of iron;
and that again bv exposure to the air become* reconverted into oxide
of iron with a deposition of sulphur in the mass. This |>rooesa is

repeated about 28 times, and then it is foimd, th«t owing to the
accumulation of sulphur, the same material cannot again be put into

the puriflar. In this tteU the malarial to roMtod in an •««n, the

aulplmr being in the Brat inaUnee diatiUad from the maaa, and
ooUaetod in a separate form; and during the roasting prooeaa, the

iron beoomea red hot, and b rendered annydrous. When taken oat

of the OVCU8 the iron is thrown into open yards to coot ; and is then

moistened with water, in order to reconvert it into the hydrous oxide,

and again put into the purifiers to commence a freah succession of

repeated aotions." In the majority of the London works aaw<Iust is

mixed with the oxide of iron to iocreeae its active aur&oe ; and ia

Bome oaaea the gas is made to paas through the muriate of manganeaa
befort passing through the iron, whilst in others it is passed through
dry lime puriflera after leaving the iron, because the action of the

latter material is not sufficiently energetic to remove all the ammonia,
nor does it materially affect the oarbonio acid, in its various forms of

thegas.
The lime used for the purification of gaa should be of the purest

and richest description, such in fact as would be obtained by the

calcination of chalk, or of crystalline carbonates of lime, and which
expands in volume vnry considerably when slaked. It should be kept

io store in lumps, but ground before being used, and mixed with a
safiicient quantity of water to bring it into a stiff plastic state ; and in

that state it must be spread upon the screens of the purifiers in an
even sheet of, at Ike ino»l, 2^ inches in thickness. The successful

working of the lime depends, it may be observed, on the. evenness of

the layer ; but the most economioal condition for its use is that it

should expose a large surface to the gas passing through. Generally

speaking, it is calculated that one bushel of ground dry lime will when
slaked, spread over a surface of 25 superficial feet, and suffice for the

purification of 10,000 cubic feet of Newcastle coal gas. In the oxide

of iron purification, a greater surface is required than when lime only
is used ; but the proportion usually adopted is to make the area of the
purifiers such that they should present a surface of one superficial foot

to every 150 cubic feet of gas they are intended to pass ; and the
diameter of the connecting pipes is made in inches, equal to i^e square

root of the area of the purifiers in feet superficial The use of wet
lime purifiers is now so univernally abandoned, that it is not worth while

to enter into a description of the mode of forming or of working them.

One of the most important duties of the manager of a gas factory to

to ascertain that his purifiers operate successfully, and for this purpoae

he should frequently test the gas by means of paper, prepared by
being steeped in a solution of acetate of lead in distilled water, one of

the best tests for sulphuretted hydrogen. The papers should not be
changed in colour by contact with the gas in the last of the series of

purifiers. Sometimes papers steeped in a solution of the nitrate of

silver are used as tests of the purity of gas from sulphuretted

hydrogen. Test papers of litmus are used to detect ammonia, or

carbonic oxide.

It may be as well hero to add that the order in which the gas is

made to pass through the purifier and the scrubber, is frequently the

reverse of the one described above ; and in small works the use of the

scrubber is often entirely dispensed with.

8. The first operation which it is desirable to adopt in the storeage

of gas, is to pass it through the station meter, in order to be able to

control the working of the retort house, and to check roughly the con-

sumption in the mains and the private distribution. For the former
purpoKC it u necessary that the wheel-work of the meter should carry

a " tell-tale," by means of which the passage of the gas is recorded in

such a manner as to allow the rate of working, hour by hour, to be
identified. The value of the station meter, as a check upon the actual

consumption, must vary in a marked degree with the circumstances of

the localities, and the mode of manufacture ; for the rate of leakage,

and the amount of condensation, which may take place after the gas

should have passed the meter, differ in almost every town. It is,

however, by no means rare to find that the loaa, known in gas-working

accounts, under the name of " unaccounted for gaa," amounts to as

much aa 20 per cent, of the total quantity paasing through the station

meter; and the efforts of the superintendent must be earnestly

directed to reducing it to a minimum. Even if a portion of the loaa

be attributable to the condensation of the holder and pipes, it argues

an unsatisfactory state of working; for the temperature of the gaa

ought to have been lowered, before it was passed into the purifiers,

to such a point as to render any subsequent condensation imposisible

tmless in mtensely cold weather.
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The gas holder is a large wrought-iron vessel, either of one or more
lifts, according to the nature of the locality (but wherever it is

possible, of only one), which should be made large enough to hold one
day's normal consumption (at the period of the shortest days) of gas.

The holder is, in fact, an inverted cup, working in water, and in a close

brick or iron tank, and rising by tiie elasticity of the gas entering
through the inlet pipes ; the discharge taking place through the exit

pipes to the r/memor, by the mere weight of the holder. The pressiu-e

required to raise a holder is ascertained by the formula p = ^^

a 5 2
in which p = the pressure in inches (of a column of water) ; w = the
weight of the holder in pounds; and a = the area of the water

surface in feet ; the constant 52 is the weight in pounds of a super
ficial foot of water one inch thick. The effluent pressure is found by

the formula p =
, in which p and w represent as before the

pressure and weight, and d = the diameter of the holder in feet ; the
constant 547 representing the weight of a column of water in inches,
of the area of the holder. Strictly spe.aking it would be necessary to
allow for the levity of the gas, and for loss of weight in the sides
of the holder as it may descend; but these considerations are so
habitually neglected in pi-actice as to justify the reference of the
practical student to Clegg's ' Practical Treatise on the Manufacture of
Coal Gas,' for further details.

The Oovenor ia a machine for the purpose of regulating the pressure
upon the outlet pipe, according to the hours of the day, and the
draught upon the muns ; and one of these machines must be pliu^ at
least upon each leading main of a town distribution, large or. small.

There are numberless patents for the construction of governors ; but
practically the system described by Clegg is the best, and therefore
a sketch of it is appended. It* action and principles are described in
detail in the work above mentioned.

Attached to the outlet-pipe of the governor there should be placed a
K/f-regittering jtraturt t/auj/e, in order to control the operations of the
men charged with the regularisation of the pressure ; and one or more
ordinary pressure gauges should be placed upon the leading main,
for occasional observations. The self-registering gauge invented by
the lata Alexander Wright is one of the best, if not actually the best,
instrument of this description.

4. The distribution of gas is effected by means of cast-iron mains,

in all cases where their diameter exceeds 2 inches ; and indeed in all

cases where the pipes would be exposed to the action of moisture it

is preferable to employ cast, rather than wrought, iron for street

mains, even at the risk of employing larger ones than would theoreti-

cally be required. The service pipes, or those through which the gas

ia led into the consumer's meters, are, however, almost always of

wrought iron when the diameter exceeds half an inch ; below that

dimension they are either made of tin or of composition, on account

of the greater facility with which they can be bent to the abrupt
curves frequently required in house fittings. The joints of the cast-

iron pipes are usually of the description known as tocktt-joints ; those

of the wrought-iron pipes are of the description known as tcrew-

couplings ; whilst those of the smaller pipes are made by soldering in

the ordinary way. The wrought-iron services are tapped and screwed

into the cast-iron mains, and the composition pipes are joined to

the wrought-iron ones by means of a brass screwed end, which is

nm upon the composition and fits into a female screw on the service

pipe.

Before describing the laws which are now admitted with respect to

the flow of gas in pipes, it may perhaps be advisable to make some
remarks upon the quality, and the mode of manufacture, of gas mains

;

because the economical results of any operation of this description

must, after all, grcitly depend upon the manner in which those mains

discharge their functions. It has been stated above, that the " unac-

counted for gas " frequently amount* to as much as 20 per cent, of the

total quantity made ; and as very probaljy oue-half or one-third of

this loss is to be attributed to the permeation of the gas through the

mains, it becomes a matter of serious importance to prevent such a

loss. The principal difficulty lies in this case, as in so many other

practical ones, in the prices of the various goods considered ; and gas

companies are too often tempted to use cheap porous pipes, obtained

from first runnings, rather than incur the expense of sound second

runnings. This is a very mistaken economy ; and it may be laid down
as a rule in these matters, that no gas mains should be allowed to be

made in any works where a blast furnace exists ; all mains should, in

fact, be made from second runnings, and under the immediate inspec-

tion of the engineer of the gas-works ; and they should all be cast

vertically, with a requisite length of feeder to ensure the solidity of

the metal. The very conditions of manufacture of wrought iron pipes

render them le.is likely to be porous than cast-iron ones frequently are

;

but the cheap composition pipes are so fearfully defective, that the

greatest precautions should be taken in their application, and none but



sn GAS. MANUFACTURE OF. 0A8, MANXTFACTURE OF. SIl

the moit raqwetahia and moat wtpariaucad gM-fltten ihould be em-
ploTed. No doubt maoy of the md aoddenta recorded, of explouon*
tn noiuee, are to be attributed to the uae of inferior oompoaitioii
aerrice-pipea for the diatribution of gaa.

lu amoging the dimanaiona of the maina of a gaa diatribution it ia

to be obaerved, fiiat, that there ia an eoonumy of working expeniea,
in making the maina rather larger than would theoretioaUy be required
to delirer the quantity of gaa they are originally intended to supply

;

becauae, in auoh a case, Uie gaa might be made to work under a
diminiahed preaaure, and thua uie leakage would be diminished. The
diametera of the mahia are to be aacertained by dividing the district

to be supplied into certain sub-districts, aooording to Uieir reUtire

— P
eonaumption, and then applying the formube v = '/ig—; and

B

P — 2a ' ^' former for the purpose of determining the velocity of

the gas due to a certain pressure ; and the latt«r, the pressure for a
given velocity. In these formula!, p= the pressure ; r= the velocity

;

;/= the force of gravity = 32'1» ; s = the weight of a cubic foot of
the ^u in pounds ; but no attention ia paid to the retarding efiecta of

friction in the mains, or to those produced by bends, or other incidental
cauaea. Taking the friction alone into account, it has been considered
that the total pressure at the end of a pipe may be represented by the

formula ^= fr- + M/-)Bt*; in which the new terms, H = a oo-

effici^it determined by experience to be = '0001 1 ; { = the length of
the main ; c = the inner circumference of the pipe ; and a = ita area.

Clegg enters at length into the mathematical reasoning on this subject

;

and the reader is referred to his work for further details upon it ; but
it may suffice for present purpose to state that he finally quotes, for

ascertaining practically the quantity discharged by a pipe, the formula

Q = 1850 d» ^'^: in which Q = the quantity sought ; d = the

diameter of the pipe in inches; A=the working pressure in inches;

I = the length of the pipe in yards ; and < = the specific gravity of the

gas compared to that of atmoepberic air as unity. Provided the radius
of the bends upon a length of main be large, there is little necessity

for taking them into account ; ai^ indeed the simple prcciution of

making the diameter of the pipe raider larger than would theoretictUy

be required, would obviate any necessity for so doing.

Under any circumstances, when a town is characterised by great

irregularities of level, it is desirable to insert, upon the leading mains,
q)ecies of receivers ])rovided with governors at the points where the
marked changes of level occur. When, on the contrary, the town is

(like those of Holland) nearly upon a dead level, and close to the
water-line of the district, it becomes necessary to insert numerous
syphons in order to relieve the mains of the tar and other liquids

which may find their way into those mains ; and in towns of this

character it is desirable to give an inclination of about 1 in 600 towards
the syphons. It is of course necessaiy to maintain an efficient seal in

the syphon box, and to provide a small discbarge pipe to draw ot[ any
excess of tar or water. Another detail of pipe laying, which requires

to be conaidered, is the position of the valves to be pUiced for the
purpose of shutting off the gas during the repairs of the mains. These
Talves must be placed so as to interfere with the service in the
smallest possible degree ; but no definite rule can be laid down in any
of the matters of local detail

In laying the pipes great care should be exercised in forming a
regular and incompressible bed, and in rigidly adhering to the rates

of inclination prescribed. As a general rule, the pipes for convey-
ing gaa may be laid at the depth of 2 feet from the surface; but
of course the latitude of the locality considered may render it advis-
able to modify this law. If any water-pipes should be laid in the
ame street aa the gas-pipes, the latter must be kept aa far from them
M pcMible, and imder any circumstances they must be placed abnt
tba water-pipes; serious accidents have indeed occurred from the
na^aet of these precautions, for occasionally the gas has found its

war into water-pipes, by the singular action known by the names of
adaamose and exoamoae.aud explaaions have taken place at the outlet
The greatest possible care should be taken in laying the mains to
enaure the tipitneas of the joints, as it is at such places that the gas
most commonly escapes.

The following tables may be considered to represent, first, the
dimensions and weights of gas-pipes of various diameters; and
eoondly, the quantity of gas which pipes of the respective diameters
will deliver, under ordinary circumstances, with the pressure of
1 inch.

Table I. JHmentioiu and WtiyhU of Pijxt.

Column No. I represents the diameter in inches ; No. 2 the number
of belts in the length of pipe ; No. 3, the thickneaa; No. 4, the mean
weight of each pipe ; No. S, the tolerated deviation of weight of
each pipe; No. 0, the net length of the pipes; No. 7, the ordinary
price for laying and jointing, without earthworks, aJcnlated per yard

1. 1.

—
1. 4. 1. .. '.

1

inch. cwt. qr. Ita. lU. tm. «. (f.

JL I 34

M } > 10 It
1 U1 S

j 1 14
11 S 24

'

JL 1 1

10 Ill \

14

\ \

10

1 .1

3 0°

11 s 16 It
I T11 '^

\ t 11

TahU II. Showing Ducharge tArough Pipa.

1
Diameter. Cubic Feet Diameter. Cubic Feet

|
Diameter. Cubic Feet

1 Inch, per hour. IncbM. per hour. Inche*. per hour.

1
90 1 3 4S00

i
9 40,S00

1
160 4 SOOO 10 so,aoo

} ISO 6 13,300 : 11 73,000

{ 380 6 18,000 11 71,000
1 500 7 24,iOO

1 1000 8 1 31,000

With respect to the consumers' fittings, it may be as well to observe
that the public lam|>8 in streets should be made to conaume at the rate
of S feet per hour on the average of the night ; and that gas companies
would find it desirable to use regulators upon these lamps, both for
the sake of checking the waste of gas, and of improving ike light from
them. As a rule, the lamp-posts in the streets of jwpulous towns
should be placed alternately on either side of the street, and at a
distance of from 22 to 30 yards (measured on the axis) ; though in the
less frequented districts, the distance asunder of the posts (measured
OS before) may be carried, without inconvenience, even to 60 yards.
The height of the tlame in the- lamps should be about 12 feet above
the ground line.

In private houses, the character of the fittings, and the quantity of
gas burnt to light a given space, depend so much upon the taste uf the
consumer, and the details of tlie burners are exposed to such constant
changes from the whims and fancies of the gas fitters, that it is im-
possible to lay down any positive rules with resfiect to them, other
tlian a few genenj oue.'j derived from the ordinary principles of
lighting. Thus, it is preferable to distribute the light of a room by
means of a number of burners consuming small quantities of gas,
rather than to concentrate it in one central burner consuming a large
quantity ; because the effect of artificial light diminishes in the ratio

nearly of the square of the distance from its source. Of the various
kinds of burners used, the ordinary Argand burner seems, quantity of
ras for quantity, to be the most convenient and the most economical.
The bats-wing burners are the next in the order of relative economy

;

and tbe fish-tail burners the last. The so-called solar lamjw are
admirably adapted for lighting large rooms, wherein it may not be
desirable to distribute the sources of light, or wherein it is desired to
establish an active upward ventilation ; but they are expensive, and on
accomit of the heat they evolve, they render it necessary to adopt
certain precautions in the construction of the building.

Whatever description of burner be used, attention must be paid to
relate the esct^ of the gas, in such wise as to prevent its issuing
with too great a pressure, becatue in ' tJie latter case a large portion M
the gas would only be partially burnt, and would thus cause much
smoke. As to the asserted injury to fiuniture, books, ftc., from the
lue of gas in dweUings, it is curious that in an old French work, pub-
lished at Lausanne in 1770, precisely the same accusation was brought
against the use of coal in tire-places as is now brought against gaa

;

and the inference to be drawn from this tale is, that certainly the
latter cannot be at fault, whilst probably there may be exaggeration in
both oases. The heat of gas is also at times objected to, but if the
same amount of light were obtained by any other metho<l of artificial

lighting, even greater heat would be evolved ; and in either caae atten-
tion is required to ensure an etficient ventilation. This is the more
necessary from the fact, that by whatever means artificial light ia

obtained, its brilUance can only be secured by the constunption of
oxygen ; and therefore it is essential that an ample supply of fresh air
should be introduced to maintain the combustion, if for no other
purpose.

A great deal of attention has lately been directed to the question of
gas-metera, and a special act of parliament has been jnssed (22 t 23
Vict. c. 66) to regulate them. It may suffice here to say that metera
arc of two aorta, dry or wet ; and that the latter work satisfactorily, if

kept properly filled, for a longer period than the former. Both of
them, however, must now be made with such accuracy that they
should only have a range of error of 2 per cent, above, or below, the
mathematical quantity indicated : and if the best compensating meters
be used, there need be no fear of any subsequent tampering on the
part of the gaa oompaniea. It is usually calculated that the con-
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Burner's meter causes a loss of pressure from its friction equivalent to

about one-tenth of an inch. [See Meters, Water and Gas.]

5. The accessory buildings required for a gas factory, in addition to

those required for the station meter and the governor, are merely
those required for storing the coal, for receiving the fresh and the

spent lime, and the coke and tar for sale ; and occasionally some rooms
for experiments ujmn the quality, and the chemical composition, of

the gas ; though in small works these rooms are but rarely required.

If the works should be placed at any distance from the source of supply
"of fuel, the size of the coal sheds should be made sufficient to contain

about three months' consumption. The coke shed need not be large,

for it is decidedly the interest of the maker to sell it at once ; and the

stock of tar should at all times be kept as low as possible, on account of

it« inflammable nature. The lime-sheds also do not require any great

capacity, but they should be weather-proof.

The dimensions of the chimney must be calculated according to the
ordinary laws of the motion of heated elastic fluids, so as to ensure
an efficient draught under the retorts without wasting fuel. Lofty
chimneys are usually mistakes in gas-works, and it is a common maxim
amongst practical engineers, that the profits are in the inverse ratio of

the height of a chimney. In fact, in an open country a height of 43
or 50 feet is sufficient for a chimney serving for four beds of five

retorts each. And here, perhaps, it may be as well to observe that it

is in executing the foundations for the retort beds, the chimney stalk,

and the gas holder, that the greatest difficulties arise in practice ; and
they require all the attention and the skill of the engineer.

In most coimtry factories residences are provided for the workmen
who are constantly employed ; a small office and store room is con-
structed ; and rooms are pro\'ided to receive a stock of meters, and of
fittings ; for the country companies in many cases are obliged to retain

this branch of trade in their own hands, in order to secure its proper
execution. Sometimes a boardroom, and a meeting-room, are also

provided.

The operation of testing the quality of a gas, with respect to its

illuminating properties, is an operation of so delicate and so important
a nature, that it may be desirable to dwell a little upon this part of

the science of Photometry, at least so far as may be necessary to

explain its ordinary application in commercial afiairs.

The principles upon which the photometers in general use are con-

structed, are based upon the law that '' the power of a luminous body
to light a given space is directly proportional to the inten-fity of the
light itself, and inversely proportional to the square of the distance of

the point of observation from it ;
" and its application is obtained by

causing the two sources of light it may be desired to compare, to shine
upon the respective sides of a thin and partially translucent body.
When the illumination of the exposed surfaces of the latter is equal,

that is to say, when neither of these faces possesses a greater degree of

luminosity than the other, the illuminating powers of the sources of

light with respect to the interposed body are said to balance one
another. If then one of the sources of light be a lamp, or candle,
possessing known illuminating properties, it is easy to (^culate the
relative value of the other, in terms of the power of the standard,
according to their respective dist'uices from the interposed object.

The difficulty, of course, lies in the selection of an invariable standard
for this purpose, and the choice of gas engineers varies between wax
and spermaceti candles, or the Carcel lamp. In England, the standard
usually adopted is the spermaceti candle, burning 120 grains per hour

;

in France, the standard is frequently the Carcel lamp, burning 42
grammes (24 oz.) of rape oil per hour; and when the light of either
of those illuminating bodies is to be compared with gas, the latter

must be admitted in certain definite quantities (usually about 5 cubic
ffcet per hour), and under a carefully regulated pressure.

The thin partially illuminated screen above referred to, in the
Bunsen photometer (the one usually adopted with various modifications
in England), presents a surface which is white, but nearly opaque on
the circumference, and perfectly translucent in the centre. The pre-
paration of this disk is a matter of great delicacy, for the translucent
part should diffijr as little as possible in colour from the rest of the
surface, when the illumination of its sides is equal. Dr. Fyfe, and the
majority of English makers of photometers, use cream-coloured writing-
paper for the screen, and they mark the translucent centre covering
it with a solution of spermaceti in oil of naphtha equally diffiised over
itfl surface ; the diameter of this translucent centre is usually about
the same as that of a half-crown piece. In the photometers made by
the late Alexander Wright and bis successors, the screen was placed
in the middle of a cylindrical shade, blackened on the inside : and it

worked upon a bar graduated so as to express at once the value iu
candles and decimal parts of candles, of the legal standard, of the light
experimented upon. Great care ought to be taken to exclude any
extraneous rays of light derived from reflection from the sides of the
room, or from the surface of the gnwluated bar ; so that, in fact, none
but the direct rays from the respective sources of light should be
allowed to impinge upon the screen. The length of the bar in Wright's
photometer is about 100 inches ; in Church & Mann's photometer it is

considerably less ; and, indeed, for some reasons the latter instrument
seems to be the most convenient one of its kind.

It is curious that notwithstanding the importance of the operations
of photometry, in many cases of disputed contract, no attempt has been

made to ascertain the limits of what M. Quetelet calls " the personal
equation of observation " in them. The powers of every individual

to appreciate degrees of luminosity differ, more or less ; and the singular

discrepancies in the results of the recorded observations on this subject

may be to some extent accounted for on this ground.
A series of tables of the illuminating powers of the gas obtained from

the coals generally used in England, will be found in the new edition

of Clegg ; a book which, by the way, entirely supersedes all other works
upon the subject. In the same work there are some equally interesting

tables of the composition of the various coals themselves, and a valuable
chapter \ipon the modes of dealing with the residual products of the
manufacture of gas. The reader is, therefore, referred to Clegg's
' Practical Treatise on the Manufacture of Coal Gas,' 1859 ; to

D'Hurcourt's ' Traitd de I'Eclairage au Gaz,' 1S45 ; Peckston, ' On the

Theory and Practice of Gas Lighting,' 1823 ; and Accum's ' Practical

Treatise on Gas Light,' 1815. In the ' Journal of Gas lighting,' a vast

amount of useful practical and theoretical information may be found
on this subject ; and likewise in the ' Practical Mechanics' Journal.*

The latter, particularly, contains some elaborate articles on the various

systems introduced by Mr. Bowyer, of St. Neot's, for the purpose of

applying gas on a suitable scale for the economical lighting of small

towns, and even of private houses. Some notion of the national im-
portance of the gas industry may be formed from the fact that there

are in existence in the United Kingdoms about 1000 gas companies,

and th.it it is able to support special journals, not only iu England,
but also in France, Germany, and the United States.

GASES, COLLECTION OF. The collection and preservation of

gases form a class of chemical operations so essentially distinct from
those employed in manipulations mth the other two forms of matter,

that it will be useful to describe them in a separate article.

The chief difficulty to be overcome in manijuilations with gases is

their diffusibility or tendency to mix with atmospheric air, a property
which gases possess to such an extent that comparatively few substances
are capable of entirely resisting the passage of gaseous matter through
their pores. This difiusibiUty renders the collection of gases by dis-

placing one gas, contained in any vessel, by means of another, always
an imperfect and frequently an impracticable operation ; nevertheless,

where the two gases differ considerably in specific gravity, and when
absolute purity is not required, this process may sometimes be resorted
to with advantage.

Collection of ga»c» by gateoiia displacement.—In this process the gas
displaced is always atmospheric air, and in order to apply it success-

fully it is necessary that the gas should be generated in a copious
str«un, and it is also desirable that its specific gravity should differ

considerably from that of the atmosphere. Tall and narrow glass

cylinders or bottles are best adapted for this purpose. If the gas to
be collected be heavier than air, the jar in wliich it is received must be
placed with its mouth upwards, and the tube conveying the gas must
terminate at or near the bottom of the jar, as in ./?</. 1. If, on the
other hand, the gas be lighter than air, the jar must be inverted, and

Fig. 1. Fig. 2.

=^

Fig 3.

the gas delivery tube must reach as before to the closed end of the

cylinder, as in Jig. 2.

A modification of this metho<l is frequently employed in the collec-

tion of gases for analyses, where a high degree of purity is indispensivble.

The gas-delivery tube is connected with a glass tube or series of tubes

drawn out at both ends, as shown in Jig. 3, and the current is con-

tinued until the last traces of air are expelled, an operation which is

facilitated by connecting the extremity where the gas is issuing ivith a

long caoutchouc tube, which prevents the retrogression of air by
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pif.«.

When the oumnt hM batn continued for a auiBeicnt length

o( tima it it intemiptad, wid (ho tube ia n4>idly awlad up hermetically-,

hj the »pplic*tion o( • mouth-blowpipe fliuiM to the muroweet

portions, a a,

CbHertum ofgoM* ty iMr/airMinimil n/ tmitr.—Tlii* ia by &r the moat

oommoo metnod in 0*0, although without great o«re and the empK'y-

mant of reoentlj boiled water it ia impooaibla to preaenre the gaa free

from admistat« with air, beoauae all gaaea being more or leaa aoluble

in water, a tnuiafaroiioe of the gaa into the air, and vie» vtnd, ia oon-

(taatly taking place through the confining liquid. The moot simple

mode of ooUecting gaaea by thia proeeaa cunsiKta in filling a gloaa jar,

auch aa that diown in .11^. I, with wat«r, inverting it rn the ahelf of a

pneumatic trough, and then bringing the extremity of the gaa delivery

tube beneath the mouth of the jar ; the gaa then bubbles through the

watar, aacend* into the upper |>art of the jar, and diaplaoes the water

with which the latter waa previuualy filled.

Larger quantittea of gaaea aro coUected in gatkoUert, or gammulen,

by thia method. Pi'j. i repreaenta tlie gaabolder moat generally em-
jMoyed for experimental purposes. It oon-

siata of a cylindrical copper veaael, closed at

top and bottom, and at about (! inches above

it a second shorter cylinder, open at top, ia

fixed upon suitable supports. The two cylin-

ders are cunnected by meana of two tubea,

''Hi I iT' "*' " fu>'D>^^ v''^ stopcocks; m poaaes

JW" jb"[|__ I nearly to the bottom of the lower cylinder,

^ i( ^^?Ck?se_ whilst n terminates under its cover. At /

there is also a stopcock and short tube, and
at I there ia a larger orifice which can be

securely closed by means of a screw-plug.

To use this gasholder, the plug t must be

screwed into its place, all the stopcocks

opened, and water poured into the upper
cylinder. The water will descend through

the tube m, and expel the air from the lower

cylinder through the stopcocks, », / ; when
water iuuea from the latter, the lower cylin-

der ia filled : m, n, and / must now be closed,

and the acrew-plug, 1, being removed, the

apparatus ia ready for the collection of gas. The tube conveying the

Utter muat be inserted into 1 ; the bubbles will now ascend to the

upper part of the cylinder, displacing a corresponding volume of

water, which will flow out of ('. The quantity of gas collected is

ooDTeniently seen by means of the glass gauge-tube, r/. When the

neccoaary amount of gas has thus been received in the holder, the

delivery tube is removed from i, and the screw-plug replaced. The
gaa may at any time be expelled from thia bolder lor experimental

purpoaaa, either through the tul)e n into jars filled with water and
inverted over its orifice, or through / in a continuous stream, which is

often deairable. The expulsion of the gaa through either of these

orifices is effected by opening the stopcock, »», and keeping the upper

cylinder supplied with water. It is scarcely necrtsary to remark that

auch gaaea only as are sparingly soluble in water can be collected by
thia proceas,

CUUctivm of gata by displacement of mCT-eiii^.—This is by far the

beat proeeaa for the collection of gases in a state of perfect purity,

although it ia leaa frequently employed than the other two processes,

owing to the diificulty of manipulating with a heavy fluid like mercury.

The process exactly resembles in principle the collection by displace-

ment of water, but owing to the high specific gravity of mercury.

Teasels of amall size only can be used ; hence glass tubes of a diameter

Taryiug from half an inch to I4 inch are generally employed. Care

must be taken not to allow the gas-delivery tulx) to dip too deep into

the metal, otherwise the great preasure upon the gas-generating appa-

ratus may endanger the tightness of the joints. This method may be
applied to all gases except chlorine and hydrofluoric acid.

In addition to these mclhuds of collection, many gaaea may be con-

Teniently stored up in caoutchouc or mackiutooh bags, when purity is

not of importance ; but they should not be retained in such bags more
than 48 houra, otherwise they become mixed with considerable quanti-

tiea of air. Care should be taken not to collect coal-gas in caoutchouc,

m the Utter becomes softened and partially diasolved.

OASES, LIQUEFACTION OF. We are indebted chiefly to Pro-

fessor FanuUy for our knowledge of liquified and solidified gaaea.

The method which he employed consisted in combining the condensing
power of mechanical compreasion with that of very conaiderable de-

pression of temperature. The first object was attained by the succes-

sive action of two air-pumpa; the first having a piston 01 one inch in

diameter, by which the gaa to be condensed .was forced into the

cylinder of the second pump, the diameter- of whose piston was only

half an inch. The tubea into which the air, thus further condensed,

w«a made to paaa, were of green bottle-gluss, from one-sixth to one-

quarter of an inch in extem.tl dUmeter, and had a cur>-ature at one
portion of their length .vUpted to immersion in a cooling mixture :

they were provided with suitable stopcocks, screws, connecting-pieces,

and terminikl caps, sufllcientl^- air-tight to sustain a pressure of fifty

atmosphens. Cold was apphed to the curved portions of the tube by
their immenion in a bath of Thilorier'a mixture of solid carbonic acid

and ether. The degree of cold thua produced, when the mixture waa
surrounded by the air, waa —106* Fahr., by an alcohol thermometer.
But on placing the mixture under an air-pump, and removing the
atmoq>heric preaaure, leaving only that of the vapour of carbonic acid,

which amounted only to one twenty-fourth of tlie former (that ia, to
the preaaure of a column of 1"2 inch of mercury), the thermometer
indicated 166° below zero. In tlus state the ether waa very fluid, and
the bath could be kept in good order for a quarter of an buur at a
time. Mr. FanuUy found that there were many gaaea which, on being
aubjeotcd to cold of thia extreme intenaity, condenaed into liqilida,

even without a greater condensation than that ariaing from the
ordinary atmospheric pressure, aud they could then be preaervod,

sealed up in glass tubea in this liquid state. Such was the case with
chlorine, cyanogt>n, ammouLt, sulphuretted hydrogen', aiaeniurettad
hydrogen, hvdriodic acid, hydrobromio add, carbonic acid, and
euchloriue. With respect to some other gaaea, suoh aa nitric oxide,

fluoride of ailicon, and olefiant gas, it waa difficult to retain them for

any length of time in the tubes, in consequence of the chemical action
they exerted on the cementa uaed in the joinings of capa, and other
parts of the apparatus. Uydriodic aud hydrobromio acids could be
obtained either m a solid or liquid state. Hydrochloric acid gas did
not freeze at the lowest temperature to which it could be subjected.

Sulphurous acid froze into transparent and colourless crystids, of

greater specific gravity than the liquid out of which they were formed.
Sulphuretted hydrogen solidified in masses of confused crystals of a
white ooloiu-, at a temperature —1 22" Fahr. Euchlorine was easily con-

verted from the gaaeoua state into a solid crystalline body, which by a

slight increase of temperature melted into au orange red fluid. Nitroiu

oxide was obtained solid at the temperature of the carbonic acid bath
in ra<'Ho, and then appeared as a beautifully clear and colourless

crystalline body. Mr. Faraday conceives that in this state it might,
in certain cases, be substituted with advaut.ige for carbonic acid in

frigorific processes, for arriving at degrees of cold far below those
hitherto attained by the employment of the latter substance. AmmonU
waa obtained in the state of solid white crystals, and retained thU
form at a temperature of —103°. The fuUowing liquids could not

be made to freeze at —166° : chlorine, ether, alcohol, bisulphide of

carbon, caoutchoucin. camphor, an<l rectified oil of turpentine.

The following table, chiefly from Miller's ' Klcmenta of Chemistry,'

shows the points of liquefaction and solidification of various gases :

—

Presaurc in Atmospheres required

Names of Qsses.

Temperature
of

for Liquefaction.

SoUdi&caUon. At 32' F. At 00° r. "F.

Sulphurous asld . —lOJ 1-SS a-H 610 at 100°

Cyanogen . . . — 30 2-S7 400 at 03°

Uydriodic acid . — 00 s-m s-ss

Ammosia . . . —103 4-10 f90 10-00 ttt 83'

Sulphuretted hydrogen . —1S2 10-00 14-60 ntSS'

Protoxide of nitrogen . —ISO 92-00 89-40 nt 35"

Carbonic acid — 70 38-60

Euchlorine . . . — 76

llydrobromlc ncid —IS*
Fluoride of silicon . . —320
Chlorine 8-»S 1910
Arseniurettcd hydrogen I'OOot-40°

Olctiant gas • • * 2090 St 0°

Ethyl .... 2-25 St 87-5'

Fluoride of boron . .
11-64 ot—02'

Hydrochloric acid 26-JO 40-00 nt 50°

Hydrogen, nitrogen, oarbonio oxide, and nitric oxide, have been sub-

mitted to pr«saiu«s of upwards of 800 atmoapherea without exhibiting

signs of liquefaction.

GASHOLDER or OASOMETER. [Gab, MAHUFACTrRK of.]

GASUMETEll. (Gasks, CoLtEOTlON oK.]

GASOMETKIC ANALYSl.S. Gat analytit. i'lidiomtlriral analytU.

Eudiometry. This branch of chemical analyaia originated in the

attempta of Fontana, Landriani, Scheele, Priestley, Gay Ltissao, and
others, to determine the volume of oxy^n in aamplea of atmospheric

air taken from various localities. The imperfect methods then used

led these observers to believe that there was considerable difl'erence in

the per-centago of oxygen contained in the air resting over difilarent

portions of the earth's surface, and it was imagined that these difl'er-

ences were closely connected with the unhealthiness or salubrity of

various places. Hence the name eiuliomcler (from •Mioj and itttpt7v,

measurer of the goodness of air) was given to the instrument use<l for

these determinations.

The principle upon which the use of the eudiometer was made to

depend, so far a-i ntmospheric air and oxygen gas are concenied, waa
that of exposing them to the action of soma substance, whether solid,

fluid, or gaaeoua, which, on account of it* affinity for oxygen, com-

bined with the Utter, leaving the gaaea with which it was mixed
unacted upon.

The eudiometer invented by Dr. Priestley arose from, and was con-

nected with, his great discovery of oxygen gas aud the fact which he
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asoertained of its absorption by another gas, which he called nitrous

air, since called deutoxide or binoiide of nitrogen, or nitric oxide gas.

This gas may be considered as nitric acid deprived of a large

portion of its oxygen, which is effected by dissolving a metal in it, as,

for example, copper, silver, or mercury; and of these the last men-
tioned yields the gas in the greatest purity. The nitric oxide thus
obtained being disposed to regain the oxygen which the metal has

taken from it, absorbs it with great facility from all such gaseous

mixtures as cont^n it ; the evidences of its action are the formation

of a red vapour, condensation of volume, and the reproduction of one
of the acids of nitrogen ; and the quantity of oxygen absorbed is

determined by the degree of condensation which is produced by its

action.

Dr. Priestley's method was extremely simple : he took a phial

capable of holding about an ounce of water, filled it with ^vater, and
displaced the latter with atmospheric air, or with the gaseous mixtiu^
to be examined ; the volume of this being noted, it was transferred,

over water, into an air-jar about an inch and a half in diameter. An
equal volume of nitric oxide was added to it, and they remained
together for about two minutes : if the diminution was very consider-

able, another volume of nitric oxide was added. When this part of

the process was over, the gas was transferred to a glass tube about two
feet long, one-third of an inch in diameter, and graduated into lOths
and lOOths. After noting the volume of the gas, the result was
expressed in measures and decimal parts ; thus, when equal volumes of

common air and nitric oxide were mixed, and they afterwards occupied
the space of one volume and two-tenths. Dr. Priestley, in speaking of

the air so tried, said the measures of the test were 1"2 or the standard
of the air was 1 2. Owing to the formation of several compounds of
nitrogen and oxygen in this process it is now known to be entirely

imworthy of confidence.

The eudiometer next to be mentioned is that invented by Scheele,

which was probably the first proposed after Dr. Priestley's. This was
a graduated glass tube containing a certain volume of air, which was
exposed to a mixture of sulphur and iron-filings made into a paste with
water. Although the oxygen was absorbed and the nitrogen left by
this operation, yet the process was not to be relied upon ; for, by the
formation of sulphuric acid, which occurre<l by the oxidisement of the
sulphur, the iron was acted upon, and water being decomposed, its

hydrogen was evolved, and interfered with the results of the operation.

This plan, however imperfect, had the merit of simplicity ; for the
quantity of oxygen absorbed was determined at once by deducting the
volume of the residual gas from that of the whole quantity submitted
to experiment.

De Martc, instead of using sulphur and iron, employed a solution of
Bulphuret of potassium, prepared by dissolving sulphur in a solution of
potash. It is stated that this solution when newly prepared absorbs
a small portion of nitrogen ; but the full.'vcy arising from this source is

partially obviated by agitating the solution for a short time with a
little atmospheric air previously to using it, by which it is saturated
with nitrogen. A- tube divided into 100 parts and immersed in the
solution is sufficient for the use of it.

Guyton also employed sulphuret of potassium in his eudiometer,
but he used it in a sulid state, and applied heat to expedite its action.

In this case, as whan the solution is used, both the sulphtu" and potas-
sium are oxidised. A description of this eudiometer, which has been
but Uttle used, is given in ' Nicholson's Journal,' 4to, vol i.

The eudiometer of Seguin is a glass tube, about an inch in diameter,
eight inches long, and open at one end. It is to be filled with and
inverted in merouy ; a small piece of phosphorus is then put under
the open end of the tube, and by its lightness it immediately rises to
the top of it, where it is to be melted by the approach of a red-hot
iron. A measured portion of the gas to be examined is then to be
passed into the tube ; the phosphorus inflames on each addition of the
gas, and the mercury rises, owing to the condensation of the oxygen.
When all the gas under examination has been thrown up into the
tube, the hot iron ia again used to ensure the completion of the pro-
cess. The quantity of the residual gas is determined by transferring it

into a graduated tube, and the difference between the quantity sub-
mitted to experiment and that left after it, indicates the volume of the
oxygen absorbed.

In this operation, owing to the affinity existing between the phos-
phonis and the oxygen, they combine and form phosphoric acid : it is

however stated that the nitrogen absorbs a small quantity of phos-
phorous vapour, and that, owing to the expanaiou which this occasions,
about

,}, of the volume of the nitrogen gaa is to be deducted.
BcrthoUet also employed phosphorus in his eudiomBter, but instead

of heating it, as in the above-described method, he allowed combiujition
to take place between it and the oxygen, by what h termed slow com-
bustion. He exposed a stick of phosphorus fastened to a glass rod in
a narrow graduated glass vessel, filled with air, and standing over
water

: the phosphorus immediately begins to act on the oxygen of the
air, as shown by the formation of the white vapour of phosphorous
acid

; but this occurs without visible combustion. In six or eight
hours the whole of the oxygen disappears, and its quiuitity is, of
course, immediately apparent, making the deduction above stated from
the nitrogen gas.

Dr. Hope's eudiometer is represented ia the annexed figure. It is

used with a solution either of sulphate of iron impregnated with nitric

oxide or with solution of sulphuret of potassium. This eudiometer
consists of a small bottle, capable of holding about three
ounces, for containing the eudiometric fluid, and it is per-

forated and furnished with a stopper at 6. Into the neck
of the bottle a hollow graduated tube, o, closed at the
upper end, is accurately fitted by grinding. It holds pre-

cisely a cubic inch, and is divided into 100 equal parts.

To use the app,iratu3, the bottle is first to be filled with
the solution to be employed, and, covering the mouth with
a flat piece of glass, it is to be immersed in water ; the
glass being then removed, the open end of the tube con-

taining the gas to be examined is to be inserted.

The instrument being removed from the water, is to

be inverted. The gas ascending into the bottle, it ia to be
brought into thorough contact with the liquid by brisk

agitation, by which absorption of gas occurs. To supply
its place, the stopper at b is removed under water, a
quantity of which rushes into the bottle ; the stopper is then re-

placed, and these operations are alternately renewed tUl no further

diminution takes place. The tube a is theu withdrawn, the neck of

the bottle being in water, and it is held inverted for a short time, and
the diminution is then measured by the graduated scale.

Dr. Henry has pointed out some difficulties attendant upon the use

of this eudiometer, to obviate which he has substituted

a caoutchouc bottle for the glass one, as shown in the
annexed figure at b. The tube a is accurately ground
into a short piece of very strong tube of wider bore, as

shown at c, the outer surface of which is made rough by
grinding, and shaped as represented, that it may more
effectually retain the neck of the ela.stio bottle when
fixed by waxed thread. This instrument is used in

every respect in the same manner as Dr. Hope's. The
only difficulty is in returning the whole of the residuary

gaa into the tube ; but the art of doing this is readily

acquired by practice.

Pepys contrived a eudiometer in which a caoutchouc
bottle was employed, as in Dr. Henry's. This instru-

ment, from the inventor's statement, appears to be
susceptible of great accuracy ; for he states that he is

able to measure an absorption of only y^ of the gas

employed. For an accouut of this eudiometer, and of

some experiments performed with it, see ' Phil. Trans.,' 1807. The
parts are too numerous for us to insert figures of, and without them
a description would be scarcely intelligible ; besides, the apparatus is

now superseded by others.

Having now described the use of nitric oxide, sulphuret of potassium,
and pho.sphorus, as eudiometrical substances, and meutioned the more
important instruments in which they are employed, wo shall notice

the eudiometer of Volta, and the eudiometric body which he made
use of.

Volta's method of determining the composition of atmospheric air,

or of the quantity of oxygen contained in gaseous mixtures, was by
means of combustion with a known volume of hydrogen
gas ; for it having been ascertained that when a mixture of

oxygen and hydrogen gases is fired, one-third of

the diminution is owing to the condensation O
of oxygen, we have only to observe the measure ij

of the contraction of volume to ascertain that of

the oxygen which was present. Of Volta's

eudiometei' various modifications have been pro-

posed, all agreeing however in the principle

above mentioned. According to Berzelius, that

invented by Mitscherlich is to be preferred, on
account of the simplicity of its conatruction and
the accurai;y of its results. AV'e shall, therefore,

describe it instead of the original one, and it

will at once occur to the chemical reader that it

is a sUght modification of Priestley's and Caven-
dish's detonating tubes.

This instrument, as represented by the annexed
figure, consists of a very thick gLa-ss tube, from
lb to 24 inches long, and about 4 lines internal

diameter ; it ia graduated, open at one end, and
closed at the other. Near the top (a) the tube

is perforated with platinum wires, placed at such

a distance as readily to allow of the ]>a.saage of

the electric spark between them, and exter-

nally hooked ; ne.ir the orifice (b) the tube is

laterally perforated and furnished with a glass

cock, which is shut after filling the tube with the gas to be

examined ; this is, of course, to prevent the less of gas by
the expansion accompanying the detonation by the spark.

When this is over, the cock is turned under either water or

mercury, and the fluid rising in the tube, the condensation

is exactly noted by bringing the fluid within and without the tube to

the same level.

Another variety of Volta's eudiometer ia represented by the.opposite

"^0
B

P
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fignr*. It ia mora aimple in it* ooixtructiaa tlum the foregoing, but

ka oartain in it* raaulta, on aooount of the eaoapa of gaa which occur*

if it be not immenad aufficiently deeg in water or mercury : it is a

modifloatioo of an instrument invented by Dr. Prieatley. The only

additional mtrlanatiitn required ia, that a i* a moveable metallic wire

with a knob at the end, which ia railed near enough to the knob at the

top of the inatrument to allow o£ the paasage of the electrical (park.

Dr. Ure alao contrived a modification uf Volta's eudiometer, which

rendan the asqperiment easy of |>erforroance by a single persou. This

instrument ia shown by the figure. It con-

aista of a glaa* sipbon, having an interior

diameter of from 2-lOthB to 4-lOtbs of an
inch ; its legs are nearly of equal length, each

being from aix to nine inches lung. The
open extremity is slightly funnel-shaped ; the

other is hermetically sealed, and has two
platinum wires inserted : the legs are about
une-fuurth to one-half an inch asunder. The
instmuient having been graduated, it b to be

filled with water or mercury, and the gas

transferred into it in the onlinnry manner

;

then being upright, part <uf the fluid in

the open leg is displaced by inserting a glass rod, or iu some other

manner. The open leg ought to contain at least two inches of

air between the thumb and the mercury : this atmospheric column
errea aa a recoil-spring, enabling the operator to explode considerable

quantities of gas without inconvenience or d.inger. The open leg

being grasped by the hand, the thumb ia to be placed lightly over the

aperture, so as to close it, and at the same time to touch one of the

wires; a spark taken from the conductor to the other wire passes

through the gas, inflaming it, and is conducted off by the thumb and
hand. The gas in expanding depresses the fluid bene.itli it, whilst, as

already noticed, the air iu the part inclosed by the thumb acts as a

spring to restrain the violence of the explosion. If a charge from a jar

is to be paased, then the thumb must not be allowed to touch the wire
whilst closing the aperture. When the jar is chai'ged, the wire con-

nected with the outer coating is first to be hooked upon the eudiometer
wire nearest the thumb, and securely retained there, so as not to slip

during the experiment ; .ind then the knob of the jar is to be brought
to the other wire and the gas iuflame<l.

After explosion, when the condensation of volume ensues, the thumb
will feel pressed down to the orifice by the superincumbent atmos-

phere. On gradually sliding the finger to one side and admitting the

air, the mercurial column iu the sealed leg will rise more or less above
that in the other ; mercury ia then to be poured in till the equilibrium

is restored, and the resulting volume of gas is then read otf.

Dr. Ure states that with the above instrument he has exploded half

a cubic inch of hydrogen mixed with a quiorter of a cubic inch of

oxygen, aa also a bulk nearly equal of an olefinnt gas explosive mixture,

without any unpleasant concussion or noise.

Dobereiner suggested a eudiumetrical process, founded on his curious
discovery uf the pru|>erty which spongy platinum possesses uf causing
the combination of oxygen and hydrogen gases. In this eudiometer
the combination occurs witliout explosion, and yields results of con-

siderable acctu-aoy. Dobereiner found that uhcu the siwugy platinum
wa* mixed with certain substances, so as to prevent its immediate and
oxploaiTe action, it caused the oxygen and hydrogen to combine with
moderate rapidity. The late Dr. Henry, who performed a most
important and accurate series of ex])eriment8 on this eudioraetrical

process, recommended a mixture of three parts of spongy platinum
and two of fine china clay made into a paste with water and moulded
into spherules about the size of a pea; these were fastened to a

platinum wire, that ttiey might be removed after the action was over.

They «hould be heated and suffered to cool a short time before use :

thsy suffer no loss of power, and poeeess the great advantage over the
electric spark, that they act upon gaseous mixtures which contain so

little oxygen and hydrogen that they cannot bo fired. The late Dr.

Tamer ascertained that it was possible to determine the presence

of ^ of hydrogen or oxygen in a gaseous mixture ; whereas, when
these gases formed -^ of a mixture, they could not be detected by
electricity. The effect takes place more rapidly in large than in small
tubes.

There are various gases which impede the action of the platinimi

balls. It appears from the experimenta of Ur. Henry, that when the
oompound combustible gases, mixol with each other, with hydrogen,

and with oxygen, are e^Kiaed to the bolU of platinum, the several

giae* are nut acted upon with equal facility ; that next to hydrogen
carbonic oxide is most disposed to unite with oxygen, then olefiant gas,

and lastly, light carburetted hydrogen.
Dr. Uenry observed, that the property inherent in certain gases of

retarding the action of platinum, when they are added to explosive
mixtures uf oxygen and hydrogen, is must remarkable in those which
liiwsus* the strongest attraction for oinrgen. Heat occasions the
phtiniim bolls to act in many oases in ^which no oombination would
occur without it.

The instrument* and methods above described were not only almost
exclusively limited to the determination of the oxygen in ntmoapheric
air, but they wars also both impsrfsot and iueorreotj and th* analy^

of gaseous bodies cannot be aaid to have become organised into any-

thi^ like a system until Profeaaor Bonsan appUed himself to its

improvement, which he effected less by the use of new instruments

than by the perfection of the old ones, and the correction of the

numerous sources of error which rendered the results of earlier experi-

menters so little trustworthy. To this accomplished chemist, to

Regnault and others, this branch of chemical analysis owes its present

state of perfection, which is rarely equalled and never surpassed in

other dciMrtnieiits of analytical chemistry.

Ingenious instruments for the analysis of gases have been contrived

by Messrs. Regnault and Reiaet (see ' Annalea de Chimie et de physique,'

t. xxvi., p. 333) and by Drs. AVilliamson and Russell (' PhUosophicid
Magazine,' vol. xvi, p. 524) but in this article we shall confine our-

selves to the description and use of an apparatus invented by Messrs.

Frankland and Ward, which may be employed in all the operations of

gaseous analysis, and which ia rcpreseutc<l in the annexed figure, a ia

a tripod base fumiahcd with levelling screws and carrj'ing the vertical

pillar BB which svipports on oue side the moveable gutta percha
merciuy trough c, with rack and piniun a a, and on the other the glass

\iylinder D D with its contents. This cylinder is 36 inches long and 4

inches internal diameter ; its lower extremity is cemented into an iron

ring c, the under surface of which permits of being screwed water-

tight upon the iron platform (/ by the intervention uf a caoutchouc

ring. The ciix!ular platform d is i)ieroeil by three tubes which
terminate below iu the T piece K E. Into these tubes are screwed the

steel caps eee which receive the o]>en extremities of the glass

tubes F, o,H. The T piece E K is furnished with a three-way co» /,

and with a simple cook .'/, by means uf which the tubes in D D can be

coimected either with each other or with the exit nozzle /i. Of the

glass tubes r o H, one F is only slightly shorter than the containing

cylinder, another u is 8 or 1 inches longer, whilst a rises at least 6

inches higher than the latter. F and B are each about 15 millimeters

diameter ; a is somewhat wider and open at top. u has a millimeter

scale etched upon it, and its upper ^extremity terminates in a small

funnel i, the throat of which con be closed by a ground stopper. The
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tube F terminates in the capillary tube i which is cemented into the

Bteel stopcock / ; two platinum wires fused into this tube at m admit
of an electric spark being piissed through any gaseoua mixture it may
contain. This tube is graduated into ten divisions of equal capacity.

A tube J, open below and terminating above in the stopcock I' is held

in its place by the clamp n, and can be connected with the stopcock I

by the junction piece p.
The instrument must now be levelled, and the height of each

division upon F above the zero point of the millimeter scale on H must
be determined by opening their upper extremities and filling them
with successive quantities of mercury up to the different divisions

upon F, notuig at each division the height of the mercury in H.

Before use, the cylinder D D must be filled with water, and the interior

of the tubes F and H moistened with a few drops of distilled water

introduced through the stojxiock / and the funnel i. The three tubes

being now placed in communication, mercuiy must be poured into g

until it rises into i, when the stopper must be firmly inserted. As soon

as the mercury flows from I that stopcock must also be closed. The
tube J is then to be filled with mercury and attached by the clamp n

and junction piece p to the stopcock /, and a glass tube about 2 feet

long passing through the table upon which the apparatus stands, and
terminating in a ves-^el below, being attached to the exit pipe h, the

instrument is complete.

In order to illustrate the method of using this apparatus, let us

suppose that an analysis of atmospheric air has to be made. Three or

four cubic inches of atmospheric air, previously freed from carbonic

acid, are thrown up into the tube j, and passed through the stopcocks

/ 1' into the tube F, a transference which is accomplished by placing the

three-way cock / in such a position as to connect F with the exit tube

y, through which the mercury flows out aa the gaa enters above. This
operation is facilitated by simultaneously raising the trough c. As
soon as the transference is complete the cock / is shut, and / so placed

that F and H are connected with h. Mercury is allowed to flow from

h until a vacuum of 3 or 4 inches in length is produced in H and the

highest point of the metal in f stands somewhat lower than one of

the divisions upon that tube. The cock / must now be reversed,

and 'J
slightly opened so as to allow mercury to flow into F and u until

its highest point in f exactly coincides with one of the divisions. The
height of the quicksilver in H must now be exactly determined by
reading through a horizontal telescope placed at a distance of about 6

feet. If from the number thus read off the height of the particular

division at which the mercury stands in F be deducted, the remainder

will represent the true volume of the gas ; since the tension of aqueous

vapour in F neutralises or corrects that in H, whilst the temperature of

the tubes being maintained constant during the course of the .-malysis

by the water in D D, no correction for variation of temperature requires

to be made, and as the tubes in which the volumes are determined are

completely shut off from all communication with the atmosphere, the

barometrical changi;8 which would otherwise affect the volume of the

gases are entirely without influence upon this apparatus.

Hydrogen in the proportion of half the volume of the air used must
now be passed into J, and thence into F, where the volume of the

mixed gases must be again determined as before. An electric spark

must now be passed through the mixture in F by means of the

platinum wires at m. A slight explosion follows, and a considerable

contraction in volume of the gaseous mixture also occurs ; this con-

ti-action must be accurately measure<l by a new determination of the

volume of the gases remaining in F. One-third of the contraction thus

measured represents the volume of oxygen contained in the air

submitted to analysis, and as the air employed consisted only of

oxygen and nitrogen, it follows that the estimation of the foi-mer gas

determines also the volume of the latter.

Having thus described the construction of this Instrument, we will

now proceed to notice the methods by which, with its aid^ the different

gases are separated from each, and the volume of each determined.

The volumes of the separate constituents of a gaseous mixture can

be ascertained either Ist, by direct determination ; or 2nd, by indirect

determination.

1.

—

Direct determinatiom.

The chief gases which permit of being thus determined are the
following :

—

Carbonic Acid,

Oxygen.
Olefiant gas, or Ethylene.
Carbonic Oxide.

On the supposition that all these gases were present in a mixture to

be analysed, the following operations would be necessary for the direct

determination of each.

First, pass a convenient volume of the gas into the tube J, allow it

to pass over into F untU the mercury rises into the bend of the capillary

tu>>e n I', and determine its pressure at any convenient mark ou the
latter tube ; then pass up into j by means of a curved pipette, one or

two drops of a concentrated solution of caiuitic (lotash, which will

immediately ascend to the top of the tube. Now return the gas into j,

and let a quantity of mercury trickle over after it. As the gas
depresses the mercury in J, the caustic potash moistens the interior

surface of that portion of the tube occupied by the gas, whilst the

drops of mercury falling over from k greatly facilitate the action of the
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alkaline liquid by bringing every portion of the gaa into contact with
it. In three minutes the whole of the carbonic acid is absorbed, and
the residue must now be transferred back into F for re-measurement of

pressure at the same mark upon F, great care being taken that the

caustic potash solution does not pass the point between » and I' to

which the mercury was allowed to rise in the previous transference.

The difference between this and the farmer measurement represents the
voliune of carbonic acid absorbed by the caustic potash.

From two to six drops of a strong solution of pyrogallic acid must
now be thrown up into j, and the pas being again brought over from F,

the oxygen which it contams will be completely absorbed in a few
minutes, the liqdid in j becoming of an intense blood-red colour. The
re-measurement of the gas, with the same precautions as before, gives

the volume of oxygen in the mixture.

The gas being retained in F, the tube j must be detached from the

apparatus, thoroughly cleansed, by washing with water, and then
dried, first with bibulous paper, and afterwards by a current of warm
air, care being also taken to get the capillary tube perfectly dn,'. The
tube whilst still warm must be completely filled with mercury by
immersing it as deep as possible in the well of the trough c, and then

applying suction to the orifice of the cock I'. Being now attached as

before to /, the residual gas in F must be completely drawn over into

it, but in such a manner as to avoid the ingress of mercury which
might carry over with it some moisture from the tube r. The
absorption of olefiant gas must now be effected by introducing into J

a coke bullet saturated with a solution of anhydrous sulphuric acid in

nordhausen sulphuric acid. The coke bullet is made by placing the

bent end of a piece of thin platinum wire in a bullet-mould about half

an inch in diameter, then ramming the mould full of a finely powdered
mixture of two parts of coke and one of bituminous coal, and finally

beating both the mould and its contents to redness for fifteen minutes.

The bullet must be removed from the mould so soon as the latter has

cooled, and excrescences being removed by a knife, it must be imme-
diately plunged into the acid mixture just indicited. The piece of

platinum wire serves to introduce it into j, an operation which must
be performed with only momentary exposure of the fuming ball to

the air, so as to avoid the access of atmospheric moisture, which would
combine with the anhydrous acid and render it incapable of absorbing

olefiant gas. The absorption of the olefiant gas takes considei'ably

more time than that of the two first gases, and the ball must not be
removed from the tube until an hour at least has elapsed. The
residual gas is now contaminated with sulphurous acid and the vapour

of anhydrous sulphuric acid, from both of which it is however at once

freed by passing up into J two or three.drops of concentrated potash

solution. The residual gas being again measured in F as before the

diminished pressure represents the volume of olefiant gas which has

disappeared.

The remaining gas in the above list—carbonic oxide—is usually

determined by the indirect method mentioned below, there are how-
ever certain cases in which its direct determination is desirable, although

it is always less accurate than the indirect one. The direct determina-

tion of carbonic oxide is effected by absorption with solution of

dichloride of cop[>er ; the latter is best prefiared by allowing a concen-

trated solution of proto-chloride of copper to stand in contact with
copper turnings in a closely-stopped bottle for several d.ays. A quantity

of this solution, equal in volume to about one-fourth of the carbonic

oxide to be absorbed, must be passed up into j, and the gas being brought

over from F must be left for five or ten minutes in contact with the

solution, whilst a stream of mercury f.alls through it as in the two first

determinations. The pressure of the gas being again measured, gives

the volume of carbonic oxide absorbed.

The determination of any one of these gases iu the absence of the

others is effected in the same way, viz :

Carbonic acid by absorption with caustic potash
;

Oxygen by a mixture of caustic potash in excess with pyrogallic

acid;

Olefiant gas by anhydrous sulphuric acid ; and
Carbonic oxide by dichloride of copper.

2.

—

Indirect determinatlotu.

The following are the most important gases which are usually deter-

mined by the indirect method :

—

Hydrogen. I Carbonic Oxide.

Light carburetted hydrogen. |
Nitrogen.

'

The estimation of these gases even when all four are present in a

mixture, is at once simple, expeditious, and accurate. It consists in

exploding a known volume of the mixture in the tube F of the appa-

ratus with an excess of oxygen, and then determining, 1st, the dimi-

nution of volume of the gaseous mixture after explosion ; and 2nd,

the volume of carbonic acid produced by the combustion. The
residual gas remaining after absorption of carbonic acid consists of

nitrogen mixed with the excess of oxygen previously added; the

volume of the former is of course determined if we estimate that of

the latter, which is eflected by adding to the mixture of the two gases

from two and a half to three times its volume of hydrogen, exploding

in F and measuring the contraction produced exactlj in the manner
already described above for the analysis of atmospheric air.
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The oDMrntioM juai dMoribad gire ua Um following four dais from
which it u (My to datannino Um mpectire TOluniM of two or mora
of th« four gMM praMot in th« miztur* :

—

1. The Tolum* of the gM taken for utaljrit .^A
2. The Tolmne of the oombualible gaaaa preaent . . =• A'
S. The contraction of rolume on exploaion . . = C
4. The Tolante of oarbonio add generated on explosion = D

It win be aaen that the raloe of A' ia ascertained by deducting from

A the Tolmne of nitrogen in the mixture, determined aa just described.

The raqMotive voluuea of the three combustible gaaea are deter-

mined from the eoneidefation of the contraction, aiH the volume of

earfaonie acid, produced br each on exploaion^ with exoeas of oxygen,

as seen in the following table :

—

Name of Qa*.

Tolnaw
of Gas.

Oootnctionof
Toluinc on

ezplouan irlth

axcsM of oxjrgen.

Volume of oarbonic

acid produced by
explosion witli

cxcew of oxygen.

Hydrogen . • •

Gsrboniii oxide •

Ucht earboKtted hydrogen

1

1

1

IS
OS
20

;
1

If we now represent the volumes of nitrogen, hydrogen, carbonic

oxide, and light carburetted hydrogen respectively by the letters v, x,

y, and j, we have, talcing the data just given, the following equations,

expressing the volumes of the four gases present in the mixture
•ubmitted to analysis ;

—

»=*.—a'

X—tl—D
8a'— 2c + D

^
8

2d— 3a'+ 2o

If, OB the application of these fonuuhe to the results of an analysis,

the Talue of any letter be either a small negative quantity or = 0, it

follows that Mm gas denoted by the letter is not present in the

mixture.

The only difiSculty likely to arise in making such indirect determi-

nations, consists in adding neither too much nor too little oxygen to

tiie combustible gas, since, when too much is added, either no explosion

ensues on passing the Atx/tiic spark, or, if the ignition of the mixture

be elTeoted, and light carburetted hydrogen or cirbonio oxide be
present, the temperature is too low to ensure the complete oxidation

of theae gases ; whilst when too small ao excess of oxygen is added,

the violence of the explosion is so great as to endanger the rupture of

ih» gUas tube containing the gases. It is not difficult to avoid these

eonttngencies where the nature of the gaseous mixture experimented
upon is approximately known, if it be borne in mind that, of the three

oombustible gases above mentioned, each volume of hydrogen or car-

bonic oxide requires about 14 volumes, and each volume of light carbu-

retted hydrogen about S volumes, of oxygen, for suooessful combustion.

We liave thus given a very condensed account of this branch of

chemical analysis ; but for more minute detiils the reader is referred

to the article 'Analyse fur Oase' (by the writer of the present article),

in the ' Ibndwbrterbuch der Chemie,' by Liebig, Poggendorf and
Wohler, 2te, Auflage. In conclusion, and as on illustration of the

application of theae analytical processes, we shall now descrilje the

mode of performing an analysis of ooal gas,

AnaluM of Coal Gat.—Purified ooal gas generally contains the whole
o( the following ingredients :

—

1. Olefiont gas and ana1o;:(Ous hy<lrocarboiu.

2. Lig^t carburetted hydrogen.
8. Hydrogen.
4. Carbonic oxide.

5. Carbonio acid.

6. Oxygen.
7. Nitrogen.

Of these ingredienta, the first, fifth, and sixth are determined by the
direct, and the rest by the indirect, methods above described.

Two or tlireo cubic inches of the ga.i are passed into the tube j, and
obsequently into r, for measurement. The oxygen, carbonic acid, and
olefiant gas are now successively estimated in accordance with the
methods deaoribed under the head of Dirtet Deltrmmalioni : the mode
of abeorbing olefiant gas then given also effects the simultaneous
removal of the analogous hydrocarbons, to which, in port, the dimi-
nution in volume will therefore be due. The remaining gas must now
be exploded with about three times its volume of oxygen, and the
lespeetive vulumas of ths four remaining gases determined aa described
under Indirtrl Dtttrmination:

This estiaatfon of the relative quantities of the several constituents
of ooal gas dose not give any absolute daU from which the illuminating
power and consequently the commercial vsliie of cool gas can be calcu-

lated. It gives us, it is true, the amount nf illuminating hydrocarbons

(otofiaat gas and analogous hvdrooarbona) to which exelusively the illu-

minating power of 00*1 gas is due ; but as theee vary in their ligbt-givi°K
powers in direct proportion to their riohneas in carbon, it follows th^
their value can only be estimated by determining the amount of tal^
bon which a given volume of them contains. Tliis can easily be effeete^

by the additional operation of ascertaining the amount of carbonic
add generated by a given volumo of the ooal gaa on explosion with
oxygen, sod oomparing this with the smount produced on the explosion
of the residual gas ramsining after the abatraction of the hydrocarbons.
For this purpose a known volume of the original gas ia introduced into
r (miefig. coL 820), sod mixed with five times its bulk of oxygen ; the
electric spark is peisnd, and the volume of carbonic aoid generated by
the endosion aaoertained by absorption with caustic potsah in i. If we
now denote the percentage of hydrocarbons absorbed by anhydrous
sulphuric acid by a, the volume of carbonic acid generated by 100
volumes of the original goa by B, the carbonio acid formed by the oom-
bustion of the non-luminous constituents remaining after the absorption
of hydrocarbons trom the above quantity of original gas by c, and the
volume of carbonic acid generated by the combustion of the luminife-
rous hydrocarbons by x, we have the fdlowing equation :

—

jr=D—c
Consequently, the amount of carbonic acid generated by one volume of
the hydrocarbons will be repreeented by

B—

Kow, as the amount of carbon iir each volume of the illuminating
hydrocarbons is directly proportional to the volume of carbonic add
which these hydrocarbons produce on combustion, it follows that the
formula just given expresses the illuminating power of the gas. For
comparison, it is convenient to take as a standard the illuminating or
carbon value of olefiant gas, which generates twice its own volume of
carbonic acid. In order, therefore, to express the value of the Itmiini-

ferous hydrocarbons of any sample of gas, in units of olefiant gaa, it is

only necessary to change the last expression into

B—

c

2a

Thus, any sample of gas containing 10 per cent, of hydrocarbons, of
which one volume generates three volumes of carbonic add, will have
an illuminating efiect equal to another gas cont.tining 15 per cent, of
olefiant gas. This method, therefore, furnishes us with an exact
chemical standard of comparison for the illuminating value of every
description of coal or other gas in use as a source of artificial light.

OAUOING is the method of determining by actual measurement
the number of gallons contained in any vessel intended to hold goods.
The greatest use of this art is in the collection of the revenue, in
which it is necessary to measure the bulk of vessels without disturbing
their contents. For this purpose a number of rules have been laid
down by various writers, of whom the reader who is interested in the
subject may consult Leadbetter's ' Treatise on Oauging,' John Ward's
' Young Hathenuttician'a Guide,' or Dr. Mutton's ' Mensuration.' The
rules laid down were, in many cases, of uncertain appUcation ; as, for
instance, a dose cask was to be treated either as a frustum of a
spheroid, or of a parabolic spindle, or as a double frustum of a para-
boloid, or else of a double cone, according to its ap{>earance. TTie
allowance mode for the thickness of a cask was a guess, and the
method of using tmaU sliding-rules, to which supervisors formerly
resorted to escape calculation, is a specioa of estimation which would
never have been tolerated in money transactions between man and
man. The inference to be drawn from the art as described by early
writers, is that, generally speaking, the results of excisemen's measure-
ments were below the truth : had it been otherwise, the fact could not
but have been known to merchants and tradesmen, who can gauge
their own vesseb niter the contents are removed, or who learn their
bulk in the removal. If the methods of the excisemen were tolerably
uniform, which is perhaps pretty nearly true, if we may judgo from
writers on the subject, no injustice was done by unequal taxation, and
the government would probably have found it as easy to increase the
duties, as to raise an additional revenue from a more correct method
of collecting the old one.

With larger slidin^-rulea for calculation, and the aid of habit derived
from experience, it u possible very accurately and easily to measure
casks which do not depart much from a given stondnrd of form. This
is what is done by gaugen at the present time ; and their practice has
attained considerable accuracy. In a particular iustance which has
come to our knowledge, and in the c;ise of a vat which held O.IOO

gallons, the measurement of the exdseman did not difibr more than
ten gallons from the truth. This degree of accuracy is entirely
modem, and must in a considerable degree arise from similarity of
form being very nearly preserved in the different spedes of casks.

The great variety of cases which occur would make a summary
inconveniently long. Wherever a content is to be found, either the
figure itself is simple and regular, as in the case of a cylinder, or nearly
a simple figure, as in the case of some casks, which may be considered
as the frusta of spheroids [see Babrel as an instance of the approxi-
mating supposition

J,
or ao irregular that the content can only be found
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by dividing them into a considerable number of sections, and con-

sidering each section as a small cylinder or frustum of a cone.

[QCADBATCRES, METHOD OF.]

The work on gauging which is most commonly used, is Symon's
' Pnictical Gauger,' which has been through several editions. Other

works ajB, those of Leadbetter, Shirtcliffe, Moss, Gutteridge, and Iley.

The first three are of the first half of the last century, and that of

Smrtclilfe contains theoretical investigations. Ward's ' Mathematician's

Guide,' and Hutton's and Bonnycastle's ' Mensuration,' contain small

treatises on the subject.

GAULS. [Celt^.]

f OAULTHERIC ACID. [Essestial Oils. Smential oil of Winter-

green.]

GAULTHERILINE. [Essestial Oils. Ettential oil of Winter-

yretn.l

GAUZE, a light transparent textvu^, made of fine silken threads.

Its name has led to the conjecture that this fabric was first invented

in Gaza, a city of Palestine. Spitalfields was, some y^rs back, the

principal seat of the silk-gauze manufacture in Great Britain ; but of

late Paisley and Glasgow, and the villages near those towns, have

almost entirely engros^ this branch of husbandry ; although some is

made in the Derbyshire and Ljuicashire districts.

Gauze is one of the very few silken fabrics in the making of which

the British manufacturer is BtQl excelled by the French, both as to

cheapness and quality. This cheapness results from the lower rate of

wages paid to the French weavers as compared with ours ; since the

weight of silk containe<l in a yard of gaiBe is so trifling as to make the

value of the material bear but a small proportion to that of the labour

employed in its conversion.

Warp.]

Weft.

The texture of gauze is different from that of pLiin weaving, in

which the warp, or longitudinal threads, are always parallel to each

other. The essential diaracter of gauze-weaving is that between each
cast of the shuttle a crossing of the warp threa<l8 shall ensue, and thus
the weft (which forms the cross-thrc-ids interlaced by the w.arp) is not
brought into absolute contact with the cross-thread immediately
preceding. The intervals left between the interUcings cause that
degree of traasparency which, without such .irrangeinent, could
only result from a looaenen of texture incompatible with beauty and
utility.

In the present days of cheapness and imitation, gauzes, or textile

fabrics receiving that name, are sometimes made uf a mixture of silk

and cotton ; or even of cotton alone.

GAVELKIND, a custom.-vry tenure existing at this day in the
county of Kent only. It seems that this tenure was the common
socage tenure among the Anglo-Saxons (Olanvil, 1. 7, c. 8), and the
reason of its continuance in Kent has been ascribed to the resistance

which the inhabitants of the coimty made to the Norman invaders.
This tenure also prevailed in Wales until the 31th Henry VIII., when
it was abolished by statute. The various deriv.itions of the term
Gavelkind which have been suggested are given in the 1st chapter of
Robinson's ' Treatise on Gavelkind.' The distinguishing properties of
this tenure are : "That upon the death of the owner without a will
the laud descends to all the sons in equal shares, and the issue of a
deceased son, whether male or female, inherit his part; in default of
sons, the land descends in equal shares to the dauglit«rs ; in defaidt
of lineal heirs, the land goes to the brothers of the bist holder ; and in
default of brothers, to their respective issue."
The tenant may aUen .at fifteen years of age, by means of a feoff-

ment [Feofkjiknt], and the estate does not escheat in c-ise of an
attainder and execution, the maxim being, ' the father to the bough,
the son to the plough.' The husband is tenant by curtesy of a moiety

. of his wife's l.-iD(U, without having any issue by her ; but if he marries
again, not liaving i^sue, he forfeits his curtesy. A wife is endowed of
a m»iety of the lands of which her htiaband died .seised, not for life as
by the common law, but during chaste widowhixid only. Gavelkind
lands also were generally devisable by will before the statute of wills
was passed.

Several statutes have been passed, at the reqnost of holders of
gavelkind Unds, to render them descendible according to the covirse
of the common law, or, as it is called, to disgavel them. The.se
statutes, however, only ,-dt«r the partible quality of the customary
descent ; they do not affect the other incidents to the tenure. And
notwithstanding the extent of the disgavclling statutes, it is always
presumed that lauds in Kent are of this tenure, until the contrary is

proved.

This tenure existed also in Ireland .as an incident to the custom of

tanistry—and as such ceased with tKit custom in consequence of the

judgment against it. (Davis's ' Reports,' 28.) In the reign of Queen
Anne, with the view of weakening the Roman Catholic interest in

Ireland, the land of Rom-in Catholics was made descendible .locording

to the custom of gavelkind, unless the heir conformed within a limited

time; but by the stat. 17 & 18 Geo. III. c. 49 (Irish), the lands of

Catholics are made descendible according to the course of the common
law. (Robinson, p. 21.)

This customary descent is followed in some manors, particukrly in

the manors of Stepney and Hackney. (See the custumal of those

manors printed in 2 Watkins, ' Copyh.,' 508.)

GAVOT (Gavotta, It;U., Gavotte, Fr.), a lively dance of two strains,

in duple time. This generally foi;..,vcd the minuet, and still succeeds

the Meniiet de la Cour, when the latter is introduced on the stage.

GAZETTE (guzzetta in Italian, gacda in Spanish) is the name given

to newspapers in several parts of the Continent. The name was,

according to M(!nage and others, derived from a small It;iliau coin,

which was the price of the first newspaper established in that country.

In England the ' London Grizette ' is an official advertiser, printed

under the authority of government, as are also the G.izettes of Edin-

burgh and DubUn for Scotland and Ireland. They contain all procla-

mations, orders in council, promotions and appointments to commis-

sions in the army or na^y, the nomination of sheriffs, the appointment -

of ambassadors, consuls, and other civil officers of the higher ranks,

and all matters done by the queen in her political capacity ; the pro-

duction of the Gazette lieing sufficient evidence in courts of law for

transactions in consequence thereof, except in some special cases, as to

commissions, in which the Gazette is only secondary evidence when
the production of the commission itself is refused. They contain also

notices of all bankruptcies, insolvencies, and sequestriitions, with other

matters connected with procee<Ung3 under them ; and the insertion of

such notices is made a legal notice by special enactment ; but in cases

of dissolutions of partnership, special notice should also be given to

parties vrith whom the firm has had dealings. Notices are required

to be given in the Gazette during October and November (before the

meeting of parUament), of intended applications for what are called

Private Acts, relating to inclosures, canals, railways, and such matters.

By special enactment also, it publishes the weekly and monthly re-

turns of the B.ink of England, and the bank-note circulation of all the

banks in the United Kingdom, the prices of com, &c.

Gazetteer baa been used in England to mean a geographical dic-

tionary, inch as Brookes' ' General Gazetteer,' and other similar works.

GEARING. The parts of machinery by means of which the motion
communicated to one principal portion of au engine is communicated

to the rest, are known by the generic n.ime of gearing, and they m.ay

W either multiplying, or ret-irding, fixed, or moveable, straight or

bevilled gearing.

Multiplying or retarding geaiing is that which is used for the

purpose of augmenting, or diminishing, the velocity of the first motion,

and its action in this respect depends upon the relative dimensions of

the wheels gearing into one iinother. As the word gearing is no doubt
derived from the German root gerathen " to fall, or come in, or into,"

it should, strictly speaking, be only applied to teethed wheels, but by
extension it is frequently made to include also both band and friction

wheels, and indeed in some cases their action is so nearly the same as

that of teethed wheels, that it is hard to draw the distinction between
them. The principles upon which the proportions of the diameters,

and the number of teeth in multiplying or retarding gear, are fixed,

in simple terms may be stated .is follows. The velocities of wheels

gearing into one another are in the direct ratio of their diameters ; and
they are also in the direct ratio of the number of the teeth. For
instance, a wheel three feet diameter gearing into a wheel of only six

inches in diameter, will travel with a velocity which will be only J of

that of the latter ; and a wheel with 72 teeth will revolve in twice the

time of the revolution of a wheel with 36 teeth. When eccentric, or

occa.sional movements are required to be transmitted, it becomes
neces.sary to employ either cams or eccentric gearing. [Machinery,
Composition of.]

Ge.iring is said to be Jlred, when it is not susceptible of being

disconnected with, or detached from, its corresponding work ; as for

instance when wheels are keyed upon their axles, and permanently

placed upon the leading or following wheels to which they serve as

intermediaries. MoveaUe ;, earing may be either loose upon a fixed

axle, .18 in the case of the different parts of a mill wherein two shafts

revolve above, or by the side of, one another, and are put in relative

motion by means of a pinion gearing into fixed wheels on the two shafts,

but able to be itself detached from them, either by being moved
horizontally, or vertically by means of a lever ; or it may be fixed upon
its axle when the latter is susceptible of being put out of gearing by a

lateral motion, as in the case of the various motion shafts of a crab.

The clutch boxes, by me.ans of which the respective portions of a long

shafting are placed in connection with one another, come under the

definition of moveable gearing ; and like all other gearing of the same
description, they m.ay be so combined as to allow the direction of the

motion to bo changed at will.

Straight, or tjinr gearing is that which is employed when the axes of

the respective wheels and axles are parsiUel to one another ; hnillcd
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j/taring U that which u used when it i« neoeasnr to change the

diracttoD of the ori^iul motion, either koguUrly on the same plane, or

tt a different elevation, in a perpendicular or angular direction. Some-
timee berilled gearing it formed by cutting the teeth of the wbecU
upon portions of cooee working into one another ; or by mcanK of

ioeth cut upon the path of a screw, working into a worm cut upou tlie

upright ahiit.

Periupa it ought to be added, that the ])eriods of revolution of the

different kinds of gearing, whether fixed or moveable, atraight or

bevilled, are quite aa often e ]ual, or ayncbronoua, ai they are slower or

faster. When the periods of revolution are synchronous, the wheels
are, of course, of e<iual diameter*.

,. OEIC ACID. [OEI.V.]

OEIK, a name given to /iuiniw.in coiumou viih ulmin, humie acid,

utmie acid, hnmin, and geic acid. This siibutincc is obtained from
common mould, which when bulled with alkalies, and the solution

filtered and treated with acids, yields a brown deposit, which has the
above nanie.'>. MiiUler states that the substance contains 2 } to 7 per

cent, of nitrogen. These substances appear to be vegetable matters in

state of decay.

The name gein has also been given to a bitter uon-azotised matter
found in the root of the 6'nni Mrbanum. Its cumpoeition is not
known.
GELATIN. The physiological relations of gelatin, and its value as

an article of food, have already been described. [Gelatin, in Nat. H ikt.

Div.] The present article will, therefore, merely contain a descriptiun

of its manufacture for commerce, and the chemical action of various
ufaatanoes upon it.

Parings of the hoofs and horns, the crushed bones, and the cuttings

of the hides of animals, are placed in c\st-iron cylinders, and subjected
to the action of steam at ordinary or at a more or less iucreaied
pressure ; a strong s<jlution of gelatin in hot water is thus produced,
which is poured out un to polished slabs of tin, marble, &c., to solidify,

and the resulting sheets .iftenvards cut into shreds by machinery. If

the gelatin is required for dietetic purposes, great care is observed in

the selection and cleaning of the materials from which it is to be
obtained. Some makers bleach it with sulphurous acid, flavour it with
various essences, well dry and jxiwder it to render it more rapidly

soluble in water, and one patentee even takes the trouble to dry it in

vacuo. Gelatin of a common description is used in pharmacy for

making eaptuln, little bags intended to contain active medicinal pre-

parations of uauseous taste and odour ; also for coating pills. Sheet
gelatin, coloured, is now largely used as an ornamental envelope for

confectionary, 4c., and in the fabrication of toys and other small
articles.

Gelatin softens and swells up in cold water, but does not dissolve.

It is also insoluble in alcohol, ether, and the tixed and essential oils.

Boiling water dissolves it in considerable quantity. If a sheet of

tolerably soft gelatin be printed upon, and then immersed in spirit of

wine, a considerable but equal contraction takes place ; and the print
transferred to stone furnishes impressions sun ilar to the original, but
much reduced in size. By printing upon a sheet of very dry gelatin,

and afterwards immersing iu water, the converse of the above result is

obtained.

Chlorine acts upon gelatin, forming with it a white coni]X)und, from
which the gelatin may be repixKluced unchanged on the addition of

ammonia. Nitric acid converts geUtin into oxalic acid, and other pro-

ducts. Sulphuric acid transforms it into leuciu, a kind of sugar called

glycocin, and into some other products. Acetic acid dissolves gelatin

;

strong alkalies decompose it. Its aqueous solution is precipitated by
bichloride of platinum, corrosive sublimate, infusion of galls, or any
liquid containing tannin, but is not rendered even turbid by solution
of ferrocyanidc of potaaaiiun, a teat by which gelatin is at once dis-

tinguished from albumen.
l-rom the difficulty of obtaining gelatin in an absolutely definite

condition, its true chemical composition is somewhat uncertain. The
fonnuhi usually adopted for it is C„H,^jO, ; this nearly agrees with
the following per centage results obtained by Mulder :

—

Carbon , . , , .

Hydrogen . . . . ^
Nitrogen
Oxygen (including Iraoe of sulphur)

60-40
6-64

18-3*

21-62

100-00

GELATINE AND GLUE. These nearIy^Jlicd substances may
eonveniently be noticed together, in relation to their manufacture and

Gdali»t.—Gelatine is used partly as an agent in food, and jiartly as
• cement. Much of it exists in the bones of animals; and it ail'unls

one evidence of the improved processes of modem times, that so valu-
able a substince is now saved which used formerly to he wasted. The
idly can be obtained by the action of heat on the organised tissue of
bone*, tendons, ligaments, sinews, skin, and aerous membrane, whiUt
in contact with water. Isingkiss is nothing more than a purer kind
of gelatine. All gelatines dissolve more or less in hot water, and form
a translucent jelly. Gelatine and tannin form leather, a fact which
explains the rationale of the tanning process.

Without touching in this article on the chemistry of gelatine as an
article of food, we may mention that geUtine is nourishing as a diet,

but not alone ; for it is wanting in flesh-making elements. The late Sir

Samuel Bentham, a person of great ingenuity, drew the attention of

the Admiralty, in 18-29, to the advantage and economy of supplying
the navy with gelatine procured from bones, by a process invited by
D'Aroet long before, and much practised in France. French workmen,
and some of the inmnteii of French hospitals, are frequently su|>plied

with soup made from bone-gelatine at a cost of one farthing ]>er pint

;

and it could be made sufficiently strong to bo ]x>rtable when cold for one
halfpenny. Ucntham proposed that the bones of salt beef should nut
be thrown away, as at present, on shipboard. If the joints were de-

prived of the Iwne before the meat is shipped, the good beef could be
packed in a small space, and thereby economise stowage on board

;

while the bones would be available a* a source of gelatine. Beef bone*
contain 30 per cent, of gelatine, and 10 per cent, of fiit, which can be
extracted by processes easily managed. The gelatine could be flavoured

and dried, and would be very valuable as an article of ship diet. Tho
meat also could be more easily and perfectly salted, and could bo
rolled up like Hambm-g beef before being put into the casks. Bentham,
calculating on the basis furnished by the French chemists, asserted

that the bones which are stripped of their meat every day in London,
would furnish gelatine sufficient for one small basin of soup to every
one of the inhabitants, young and old. He impressed his views, on the
Admiralty, but without success ; and we believe bone-gelatine doe*
not yet form an element in the dietai-y of the British navy. The
French adopt Uie system much more extensively than ourselves. On
the large scale, the gelatine is extracted by steam, and sometimes a
little miuiatic acid is employed to remove the phospkite of lime.

Even fomil bones have been made to yield gelatine.

The power of obtaining gelatine from bones being once understood,
the variety of applications becomes very considerable. Bone-gelatine,
for divers purposes, is blenched with sulphuric acid or animal charcoal.

It may be tinted blue by sulphate of indigo or juice of blue-berries

;

green, by the juice of spinach ; or red by that of beetroot. Cake
gelatine is made by the French from the cuttings of the skins used in
kid-glove making. Nelson's jiatent gelatine is obtjuncd from glue-
piecea or cuttings from the hides and skins of animals. In preparing
it, the fragments arc freed from hair, wool, flesh, and fat; then steeped
for several hours in a solution of caustic soda ; then placed in covered
vessels at a temperature of C0° or 70' Fahr. ; next washed to expel the
alkali ; then exposed to the vajmurs of burning sulphur ; and then
dissolved in water at a temperature of 150° Fahr. After this, the
solution is strained into settling vessels, where it is kept for several hours
at a temperature of 110° Fahr. It is then poureil to the depth of half
an inch upon a cooling slab, and the resultant cake of jelly, .ifter a few
further processes, is prepared into one of two kinds, opaque or trans-
parent—both intended 'as substitutes for isinglass. Kattray's patent
gelatine is another kind, produced in a somewhat similar way from
waste glove-pieces. Swinburne's patent gelatine is made from the
cuttings of calves' skins. What is called rough gelatine is made from
the spongy insides of the horns and ribs of oxen, and the softer jnrts
of the skulls and other bones, also froib sheep's Iwnes—the preparation
re<)uii-ing, of course, a good deal of cleaning, steeping, boiling, steaming,
evaporating, &o,

(jlae. This thicker kind of gelatine is prepared from fthe clijiplngs

of hides, hoofs, &c , obtained at the tan-yard. The first operation is to
wash this refuse in lime-water, and afterwards to boil it in water, and
skim the solution, which, is then rendered clear by being strained
through baskets, and evaporated by a gentle heat to o proper degree of
thickness. It is finally cooled in wooden ve.«i3els, cut into thin
portions, and dried upon coarse net-work. When properly prepared,
glue is of a deep brown colour, translucent, and free from spots and
clouds. When required for use, it is broken into pieces, and steeped
for about twenty-four hours in cold water, by which it swells and
softens. When gently heated in a waterliath, such as the common
glue-pot is, it is applied by means of a brush to the various kinds of
work ifor which it is used. The adhesion depends upon the evapora-
tion of the water. Mr. Tucker patented a process, in 1856, for drying
glue without the use of a netting. He pour* the boiled mass into
separate pans disposed on racks in a drying chamber ; heat is applied
at a temperature of 140" or 150° Fahr., and ixas are then rotated to
send a current of air through tho chamber. Another proposal for
drying is to pass the glue into a vessel fitted with a horizontal metal
cylinder, kept heated by steam within or by a steam j.ickct on the out-
side ; the lower half of the cylinder dii>8 into the glue, and revolves
at a slow rate, the surface takes up a thin film of the glue, which
quickly aolidifies and dries ; a film is thus formed and dried at each
revolution of the cylinders.

Besides tho application of gelatine to food, and that of glue aa A
cement, both are used in very numerous ways in the mechanical arts.
Glue and treacle make a peculUr elastic substance very useful for
printers' inking-roUers. Gelatine casts, and gelatine moulds for casts,
are now very common— especially the latter, on account of the ease
with which the casts can be taken out of them. The gclaitmur$ of Paris
make sheets of exquisitely fine gelatine, dyed to the most brilliant

colours. These sheets can be applied to many useful purposes ; they
can be used as a layer on tho lui-foce of on engraving or woven material
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to which it will serve as a varnish ; they can be made into a substitute

for carton, for address and visiting cards ; they can be employed by
wood engravers in transferring or copying designs; and when made
extremely thin, they can be used as wrappers and envelopes for

fancy aiticles, as materials for transparent artificial flowers, and as a

substitute for paper on which printing in gold may be effected.

The she used by paper hangers, white-washers, &o. is a kind of thin

glue made from parclimeut cuttings. .Feffery's marine glue, an uncom-
monly powerful cement used in shipbuilding, is not properly a glue at

all ; it is a combination of other substances than gelatine.

GE'MINI (the twins), the third constellation in the Zodiac. The
Greeks refer it not only to the fable of Castor and Pollux, but also to

those of Hercules and Apollo, Triptoleraus and lasion, Amphion and
Zethus, &c.

The principal stars are as foUowa :—

-

No. in Catalogue

No. in Catalo^ic of British

Character. of Flamstced. Association. Magnitude

M 13 2047 3

y 24 2163 2-5

« 27 2194 3
34 2237 4

a 66 2485 1

This constellation derives its namo from two remarkable stars, of the

first and second magnitude, to which the names of Castor (or a Gemi-
norum) and Pollux (or 3 Geminorum) are given. The latter star is

marked by Flamsteed as of the first m.agnitude, by the greater part of

astronomers as of the second, and by Piazzi as of the third ! These
two stars, whose proximity will cause them to be easily recogiiLsed

when once known, may be found by drawing a line through the belt of

Orion and the two bright stars the line of which cuts through the

belt. This line, lengthened upwards, will jiass very near to the two
stars of Gemini. They ai:e also about halfway between Kegulus and
Aldebaran : and if the Great Bear and Orion be seen together, then
Capella on the one side, and Castor and Pollux on the other, will be
conspicuous boundaries of the intermediate space.

OEMS. [Camko ; Iniaolio.]

GEMS, ARTIFICIAL. [Glass.]
GENDAKMERIE (from Gent d'Anne>, men-at-arms) was a chosen

corps of cavalry under the old monarchy of France : it i.i mentioned
with praise in the wars of Louis XIII. and Louis XIV. Under the
present system the gendarmerie is a body of soldiers entrusted with
the police all over P'rance; it furnishes patrols, arrests criminals,

examines the passports of travellers, and contributes to the mainte-

nance of good order. Gendarmes are generally stationed at the barriers

or gates of the towns, at the principal inns on the roads, at markets
and fairs, and along the lines of the frontiers. They are divided into

foot and horse : ijendarmcs a pied, ijendarmct a clitral. They form a
distinct corps in the army, under tlieir own superior officers, who are

under the orders of the ministers of the interior and of police ; but iu

case of war, they may be called into active service like the other corps

of the army. The gendarmerie is mostly recruited from old and
deserving soldiers of other regiments, who consider it as a promotion,
as they have better pay and enjoy greater liberty. This expLiins why
the gendarmes, generally speaking, are remarkably well behaved and
trusty men, who, while strictly executing their duties, behave with
considerable ci^Hlity towards unoffending people, such as travellers, and
especially foreigner)!. The same description of troops exists iu the
Italian states, where they are called Carabineers.

GENDER is a grammatical principle entering into the structure of

many languages, according to which nouns are distributed into classes.

There are, strictly speaking, but two genders, tnwtcuiine and fi-minine

;

thase which belong to neither of those classes were said to be ntalrius

generit, of neither gender : this third class are called somewhat incor-

rectly neuta-n, and hence by a second irregularity it is the ordinary
I)ractice of grammarians to speak of three genders.
That sexual distinction was the fountain from whence the doctrine

of grammatical gender was derived cannot be reasonably disputed.
As a consequence of this the principle must have been confined
originally to living beings, and among these it must have been still

further limited to those animals where the distinction of the sex was
readily perceived, as in the mane of the lion, the plumage of the pea-
cock, or the magnitude of the bull. In the smaller animals it would
be often difficult to ascertain the sex, and useless to denote it. But
utility and truth are not the sole governing principles of language

;

thfy are often sacrificed to the love of imagery and personification.
Thus the beautiful and pleasing absurdity which characterises the
language of fable recommends itself to the infant mind whether of the
savage or the child. The rose, the lily, the sun, the moon, are all

endowed with the faculty of speech, nnd it then becomes almost neces-
sary to add the distinction of sex. Here the choice ni\ist depend upon
the association of ideas. Action, freedom, streugth, magnitude, and
violence, are the marked attributes of the male ; sufferance, sub-
jection, timidity, together with pregnancy, of the female. In the
application of these notions, the realities of nature are often neglected.
The domestic animals, having lost all the violence of the natural state,

oonvey to the mind the idea of eouitthiug fcuiiuiuo. Thus cnionjj the

Romans even the dog was iu ordinary language considered to be of

that gender, perhaps because it was inferior in power to the wild wolf

;

while the English, contrasting that noble and powerful animal with
the clean and delicate but irritable oat, have allotted the masculine
gender to the dog, to the other the feminine. The feathered creation

again, by their small size, their weakness, and the delicacy of their

plumage, are naturally associated with the tender sex, with the ex-

ception commonly of the eagle, kite, hawk, &e.
' In the meanwhile the neuter is employed to denote that the notion
of gender is not entertained ; it is therefore, as Grimm has well ob-

served, the proper gi-ammatical form for the young of animals, where
the sexual distinctions are imperfectly developed. Thus in the greater

part of the Teutonic languages, the terms for fual, calf, lamb, child,

&c., are of the neuter gender ; and in the Greek there occur many
similar forms, as t^kvov, ^ptcpos, (fee. Hence, by an e:isy connection

the diminutives generally in the Greek and Teutonic lauguage.s are of

the same gender; and this principle is carried to such an extent that a

neuter diminutival suffix is at times employed in the formation of the
namesof women, as />07'«Hm, Gli/cmum, in Terence, vidydchen, Gntcheit,
" little Margaret " in German. In the further extension of the idea of

gender, first to material objects without life, and then to abstract

terras and mental notions, the directing associations are weaker, and
tie mind is iu a state of oscillation. It may be observed) however,
that abstract nouns, or to speak more correctly, general terms, are

usually included among the feminines, perhaps from a notion of preg-

nancy, the one term including a large aggregate of concrete ideiis.

There are indeed exceptions to this principle ; for instance, in the

large family of Latin words which have the suffix or {huiiur, pudor, &c.),

but this variety is probably to be explained by the similarity of the

termination to the masculine suffix tur. The French language has
corrected this anomaly iu la pvdtur, &c. We have here probably an
explanation of the principle by which in Greek a feminine article

attached to what is commonly a ma.sculine substantive gives it the

power of a collective, as iinros, m. ''a horse," but i) Wiros, ** the horse,"

that is " the cavalry ;
"

ri Kajui)\os, " the body of camels." The same
pecuUarity belongs to the Arabic and Hebrew, and indeed is still pre-

served in a modem Semitic language, the Galla.

The mode of denoting gender is also deserving of consideration.

One of the most direct methods would appear to be to assign names
absolutely different to the male and female, that is, in those cases

where the terms are used in their natural, not iu their metaphorical
sense. Thus we have in our own language 6oy and ijirl, horse and marc,
bull and cow, Ac. One of the defects of such a principle would l)e the

want of a general rule by which to denote the gender in any new
instance, and the consequent multiplication of terms. But indepen-

dently of the advantages and disadvantages of this notation, there are

good reasons for believing that in fact the distinction of sex was not
originally denoted by an absolute difference of term. The word man
for instance, in the oldest Teutonic language had the general meaning
of a human being, like the Greek avOpaiirus, or Latin homo, and only

gained the exclusive notion of a male when its dei ivative mannhsco or

meiuclie was formed to express the general idea. The German term
fraa again is now confined to the female, but there is found in nearly

all the older dialects of the 'German a masculine so nearly identical

ifraujut, Gothic ; frU, old high Geiman
;
froho, old Saxon

; free,

Anglo-Saxon) that the notion of the female can scarcely have been
inherent in the word. Similar results would be given by an exami-

nation of the English word maid, the Latin jmcr, &o. In the animal
kingdom the same confusion prevails. The Latin uvis is commonly
feminine ; and in fact our English term cice may be indisputably

proved to be the same word ; still, in the earlier form of the Latin

language, the word was also applied in the sense of aries. It occurs,

for in.itance, in the name of the sacrifice Situretaurilia, where the word
taurut leads us to expect the idea of a ram in ovis, a,nd of a boar in sim ;

and in fact ancient reliefs prove that the animals sacrificed at this

festival were uncastrated males. The word »«», corresponding in

ordinary signification, as also in form, to the English sow, is a parallel

case. Indeed both Greek and Latin exhibit this very word as not con-

fined to either sex. A long enumeration of similar instances, with the

necessary proofs, would be out of place here. It will be sufficient to

notice that the English terms mare and hen appear in other branches

of the Teutonic language as representatives of the male. Lastly,

those who attribute to these monosyllabic forms a distinct notion of

gender will find it difficult to avoid the inference that if rjalliis for

example, originally meant a cock, and not as is here maintained, afuwl
generally, yallina included the notion of both sexes, a female cock. A
more simple mode of denoting gender is by the addition of a special

suffix. Thus the Latin termination on, like the Italian one, appears to

have cairied with it the idea of a man, aa in the familiar cognomina
Nasun, Vapilon, &c. Thus again, leo^i, " a lion," is in reality formed

of two words, le or //, the simple name of the animal, and on, man or

male. The form li (noni. Ais) occurs in the Greek hmguage as well as

Kfmv ; and moreover, if the name of the animal was thus monosyllabic,

it is seen at onee how natural it was to adopt it, as was iu fact the

case, for the hieroglyphical symbol, or at any rate for the Hebrew
character of the letter I. The addition of the feminine suffix ina or

aiiia to the same root le gave the female, leaena ; and indeed the same
suffix appears iu ffaliina, n^iiia, the Greek /SaffiAivra, the German
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kS»igiH», to. Of U>« male luffix, other exAuiples may be seou in

cmlMritttt; taupo»-, f\tlcon-, jmivn-, &o. ; the tut of which may Vie com-
pared with the Qreek ram-t, and the EogUah pta^eock. The moat
iroiueot auffix in the Qreek language to denote the feminine ia the
aylljkblo «a, aa in ^einaaa, mAiara, and the partioiplea nnrrovTira, the
ijarcat of mrmwo, rv^maa, afterwarda rv^tiati. The same suffix

u found in the Qothio, aa gtutta, capm ; and in Geruinii, tm /ant, a
bull, Jdrif, a cow. Our own language too ia familiar with wlint ia

irobably the «mo aufBz in Maautr-en, latatdr^em {inaa lataider-oi).

a the Greek language thia auffix appeara at times to tiare lost ita

aibilant, aa waa so common in that language. Hence the forma /3aviAc-

lo, o^f-w, TfTu^-M, for TtTvptn-ia,

In the Latin language a mere vowel a, but originally a long a, aa ia

proved by the San»crit, by the ulilique caaea of the Latin first declen-

ton. and iu old Latiu even by the uomiuative, for the forma aqitilS,

mmeUk jUii, kc, occur in the unrlicat poeta, while the Greek t(X> haa

not a few nominativi» with a loii)( «. But the foi-ma Kriba, ineola, Ac.,

with the numerous proper names, CVnaa, Suila, kc, prove that the

notion of the female woa not inherent in thia declension ; aud probably

the fact waa that there co-existed iu primeval lodo-Kiu-opcaii language

two dialects, one preferring a, the other o (precisely aa in our own
island, there are the two forma txo aud twa, »ho and vha, one and
aae) ; and aeoondly, that by a fdse refinement in language, an arbitrary

distinction of gender wna set up between thera. The same argument
of ooune applies tu the Greek form ayaSo-t and ayaSa or oryaBri, in

which it must bo carefully recollected that the sibilant at the end of

oyaSoi has nothing to do with the question, as it is simply the rvprescn-

tatire of the nomiiutive caae. It should also be recollected that the

older Greek language abounds in the common adjectives, such as i and
i) aBoparas. Moreover the advocates of on ori^nal dbitinction of

gender in the two iirst declensions have to explain the anomalies of

1) Uos, &o., and the ^Latin /<tf/ut, kc. Again, that the Latin forma
6oito- and bima- were originally but dialectic varieties appears to be

established by the consideration that nearly all derivatives from the

geoond declension take an a, as albart, aware, kc, a strange con-

sequence of which is, that the Latin language is almost wholly de-

prived of a conjugation of verbs in » corresponding to the Greek
i«vAa-«. It ia another strange fact, that in Gothic the forms in a are

masculine, those in o feminine.

Lastly, every l.inguage haa the power of denoting gender by the

addition of a distiuct word, as in jack-tnipe, cock-nparroir, tom-cat.

This uae of the names of men is seen in other languages besides our
own. Thus the Anglo-Saxon employs curl for this purpose. In the

German tiiiU>erich i/amtrich, it would be wrong, however tempting, to

asume that the past erich is the prenomen ; we should rather divide

the words so as to give to rr the notion of a male, and to ich th.tt

of a diminutive. Thus ldnl>-er-ich U the " little-male-dove." Violent

corruptions of tliis form exist iu our tongue in lark, abbreviated from
laverock, a term still used in Scotland ; and drake from andrake, itself a
corruption from aiiat-er-ock.

The suffix Iter of our own language marks a female agent, and still

preserves the sense in xpintter. The words ba'jtter, uebtler, brevaler,

refer to offices not ill-suited to the female, but they have now dis-

appeared aa appellatives, and are employed, in Kngland at least, solely

•a Bomames. The male terms which correspond to them ore of course

baktr, weaver, brewer. It is in the Dutch that the best evidence exists

to show that Iter is truly a sutBx to denote female agents.

Nothing has been said of suffixes to denote the neuter gender;
simply because there exist, strictly speaking, no stich suffixes. There
are indeed appearances of such additions ; (irst, in the Greek neuters

arfoBor, and the Latin bonnm ; secondly, in the neuter pronouns of the
liitin language terminating with a d, which corresjxmd to an < in

German and a ( in English ; as ffwxf, va», irhat ; id, et, it, kc. Of the
first claoa it ia enough perhaps to throw out a suspicion that the m and
d (•, were originally port of the stem of the nonn, and no case-

ending.

In the Scandinavian languages, as now existing, the genders have
a peculiar character, consisting of a neuter, if gender it can he called,

and a common gender, which includes the masculine and femlnmc.
By • strange accident, tlic definite .wd indefinite article!! have here a

common form, and are distin>,-iii.shed solely by their position. Thus
the word one or an, as written by us, is represented by ei> m. or f., et

n. ; while the definite article, of the same form, but no way related to

it, Lb attached as an enclitic. Thus we have in Danish for the common
gender : en mand, " a man," manden, " the man ;" en quinde, " a

woman," 7iua<fCTi, "the woman," ot rfaj, "a day," dn<jrn, "the day;"
and for the neuter, et lam, " a lamb," lammrt, " the lamb ;" et ord, " a

word," ordel, " the word." The en et of the definite article may bo
compared with the forms «f of iv-6tr, in of the Latin iu-de, and our
own it.

GENEALOGY. [PmronnF.]
OE'NEKA, in ancient Greek music, were of three kinds,—the

Diatonic, Chromatic, and Enharmonic. [Dutonic; CireoJCATic ; Em-
BaRmosic] These were subdivide<l into many species, which are

enumerated by Gflndentins and Aristoxenua. "Indeed," 8.a}T! Sir J.

Hawkins, " the representations of the genera and their species, as well

by diagrams aa in words, are almost as numerotis as the writers on
mosic To that erudite historian of music we refer the reader who

wiahea for more information on a subject in which so few now tak>
the slightest interest. The modem diatonic and chromatic genera, or

scales, are probably much the same as, or nearly allied to, those of

antiquity. Our Enharmonio is, praotioally,—at least on mc»t instru-

ments,—^but a convenient evasion, the mere bestowal of two names on
one and the same soimd.

GENERAL, the title of the highest rank oonferrsd on military nffioors.

In all the states uf Europe it indicates the commander in-chii-f of the
forces of the nation ; the commander of an army or grand division, and
also those who, imder the latt«r, exsroise his functions, with the

particular deaignatiana of lieutenant-geoeral and major-general.

The origin of the title appears in the history of France, in which
country it seems to have been conferred on the commander of the

royal army about the middle of the 15th century, when something
like a regular military force waa first established in Europe. The
kings were then conHidered as holding the chief command of the army
by virtue of their birth ; aud, on appointing persons under them to

(Exercise a general superintendence of the forces, they gave to euch
ofliccrs the title of lietttenant-ycHrral, in order to designate at the same
time the extent of their duties and their dependence on the sovereign

whom they rejiresented. By a decree made in the year 1450, in tue

reign of Charles VII., John, comit of Dunois, was so qualified ; and
the title of lieuteuaut-general, denoting the immediate comraanderiu-
chief of an army, was long retained iu the French scrvioe. In tUo

course of time, by an abbreviation in language, the prefix of the title

was omitted, and the term ffeneral alone waa applied to persons holding

such command.
Previously to the epoch above mentioned the title of Grand S^n^chal

of France appears to have conferred the right of commanding the royal

armies ; but the dignity being hereditary in the counts of Anjou, when
th.it province passed to the crown of bnglond in the reign of Henry
II., the right ceased, and the kings of France delegated their authority

to noblemen chosen at pleasure. In 1218 Philip Augustus conferred

the coQunand on Mathieu de Montmorenci, the Constable of France
;

and the successors of that high ofiico held it till the ro-formation of

the army in the reign of Charles VII,

It must be i-einarked, however, that at a period more early than that

of the creation of lieutenant-generals uuder the sovereign, the title of

captain-general had been conferred on certain officers with military

jurisdiction over particular districts. This species of command is sup-

posed to have been first instituted in 1349 by Philip of Valois, who
placed Guy de N61e, already Mardchal de France, over the district of

Xaintonge ; within wliich he was authorised to inspect the castles and
fortified towns, and to superintend all the military af^rs. The n.itiiro

of the duty therefore seems to have resembled that of the general

officers now appointed to particular divisions of this country and the

colonies. But in 1635, that ia, about eight years after the suppression

of the post of constable of France, Louis Xlll. gave the title of captain-

general, for the army of Italy, to the Duke of Savoy ; and this apjwint-

ment was precisely iJiiat of commander-in-chief, since it placed the duke
above the Mar^chal de Cr^m, who was previously at Uie head of the

army.
It is about thi« time that the term lienten.int-general, in the sense

which it now liears, first appears. For, acconling to Vire D.aniel, who
quotes the history of Cardinal Richelieu for the fact, when the Priuce

of Cond^ Was made commander-in-chief of the army destintnl .against

Spain, the Marquis de la Force was appointed his lieiUenant-yeneral

,

and M. de Feuquir* held the lame rank under the Due de Longueville,

who waa to act mth an army in Franche-Compt<!. We have here but
one lieuten.int-general for each army : but the writer above mentioned

observes that, during the reign of Louis XIV., the armies of France

being much more numerous than before, the ofiicers were also greatly

multiplied; and .adds that, in 1704, there were more than sixty who
had the title of lieutenant-general

The title of captain-general above mentioned must not be coufotmded

with that which was crested by Cardinal Richelieu, in llJ56, in favour

of the Moniuia de Castelnaut : this officer was placed above the lieu-

tenant-generals of the army, but was subordinate to the marshal of

France, who comniandctl in chief ; and it appears that some of the

fonner having retired from the service in disgust, in consequence of the

new appointment, the cardinal was obliged to appoint others in their

places.

In the reign of Francis I. the title of colonel-general was institnted

;

and it w.is first in 1544 conferred on M. <le Taix, with the command of

all the infantry of the nation. The title existed however only to the

time of Louis XIV., by whom it waa al)olished.

The English nation has nearly followed the jiractice of France in

matters appertaining to the military service. Thus the lord-high-con-

stable and the lord-marshal of Knglan<l, in former times, were at the

head of the military establishnieiits of the country ; and when the first

office was suppressed by Henry VIII. iu 1521, the title of (-aptnin-

general sppears to have been a<lopted for the cominan<ler-in-chief.

This title occurs in the list of the army which sen-eil at St. Qiiintin in

1557, of which Ust a copy is given by Grose from a MS. in the British

Museum. From the same list it appears that a lieutenant-general for

the whole army was immediately subordinate to the former ; and that

under the last was a general of horse, a captain -general of foot, with

his lieutenant, and a serjeont-niajor (corresponding to a present major-
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general). But the title of captain-general probably did not long

remain in use ; for, in the list of the army raised by Elizabeth in 1588,

the highest officer is styled lieutanant-geueral, the queen herself being

probably considered as the commander-in-chief. In the army which,

in 1620, it was proposed to raise for the recovery of the Palatinate,

and in that raised by Charles I. in 1639, the commander is entitled

the lord-general ; a lieutenant-general appears as the second in

command, and the third is designated sergeant-major-general. It was

probably soon after this time tliat the last officer was called simply

major-general; for we find that in 1656 Cromwell appointed twelve

officers under that title to have civil and military jurisdiction over the

counties of England. (Clarendon, b. 15).

It is evident, from the histories of the northern states, that the

armies in that part of Europe have always been commanded nearly in

the same manner as those of France and England. Sir James Turner,

who wrote his 'Military Essayes'in 1670, states that in Germany,
Denmark, and Sweden, the commander-in-chief wag designated field-

marshal, and that he had imder him lieutenant-generals of the whole

army, besides generals and major-generals of horse and foot. With
respect to the first title, he considers it to have been granted, as a

more honourable distinction than that of lieutenant-general, only

within about fifty years from his time : and he appears to ascribe the

introduction of it to the king of Sweden (Oustavus Adolphus), who,

when he invaded Poland, thought fit to gratify some of his generals by
designating them lieutenant-field-marahals. (' Pallas Armata,' ch. 13.)

From that time, both in Germany and Great Britain, such title,

omitting the word lieutenant, has been considered the highest in the

army.
In France, during the reign of Louis XIV., and perhaps at an earlier

time, the naval commander immediately below the rank of vice-admiral

was entitled lieutenant-general. A similar designation seems to have

been early employed in the English service, for in the time of Queen
Elizabeth the commander of a squadron was called the general ; and,

as late as the time of the Commonwealth, a joint commission of admiral

and general was given to Blake and Montague, though the expedition

on which the fleet was sent was confined to an object purely naval.

The administration of military afl'airs in the great nations of Europe

becoming highly complicated during the eighteenth century, the com-

manders-in-chief, even when not actually on the field of battle, found

themselves fully occupied with the higher departments of the service

;

and it became indispensable that the number of subordinate generals

should be increa-sed, in order that all the steps which were to be taken

for the immediate security of the armies, and for the acquisition of the

necessary supplies, might be duly superintended by responsible officers.

The division of an army into brigades and divisions for the purpose of

organisation and also of occupying important positions or of obtaining

subsistence, led also to the appointment of several distinct com-

manders, each of whom required his own jiorticular staff; and this

circumstance, added to the necessity of having a number of officers

prepared at once to assume the command of troops when circum-

stances should require it, will explain why military men holding the

rank of general appear now to be so numerous.
In the Britbih service there are about 60 full generals, and 100

lieutenant- and 160 major-generals; of this mimber many command
particular regiments as colonels, or hold military governments in the

country and colonies ; many of them have only local rank ; and many
have retired from the service, retaining the title, but without receiving

the pay or being qualified for obtaining any ]>rogressive promotion.

The adjutant- and quarter-master-general are officers of the staff.

[Staif.]

In the English army, a general of division is either a major or

lieutenant-general placed in command of a division of an army in the

field, and a brigadier-general is either a colonel or major-general in

command of a brigade—the titles only lasting while tho officer is

actually holding the command. In the French sen-ice however,

general de bri^de and general de division are permanent ranks

answering to our major-general and lieutenant-general.

The first notice of a commander of the artillery occurs in the time of

Richard III.:" this officer was designated simply master of the
ordnance till 1603, when the Earl of Devon was dignified with the title

of General. The head of this department was, till lately, styled

master general of the ordnance. The office is now abolished.

GENERAL ASSEMBLY OF THE CHURCH OF SCOTLAND.
This is the Scottish ecclesiastical larliament; it is a representative,

legislative, and judicial body, which differs essentially in its constitu-

tion from the Convocation of the English church [Cosvocat:ojj], in

beii^ composed of representatives of the Liity, as well as of the clergy ;

and, therefore (like the British House of Commons), may be considered
M a delegation from its constituency, the church. [CnUKCH.]
The General Assembly consists of representatives from the various

presbyteries, of which there are 84 ; of lay elders sent from Edinburgh
and many other royal burghs, and from the universities (the represen-
tatives of the universities may be either ministers or elders) ;^and
one minister and one elder to represent the churches in India in con-
nection with the church of Scotland. The kirk of Scotland in 1859
had 1023 parishes, with 1104 ministers.

The General Assembly meets annually, in the month of May, in

Edinburgh. The session lasts only ten days ; but special business not

decided within the period of the session may be referred to a com-
mission, which is, in fact, the As.sembly under another name : the
commission can hold quarterly meetings. The speaker, or president of

the assembly, is called moderator : he is cho.?en annually, and is, in

modern times, a clergyman, it being a rule that the moderator should
preach a sennon before the opening of the Assembly; but laymen
have occasionally filled the chair.

Each parish in Scotland has its kirk session, composed of the
minister and lay elders of the parish, which manages the parochial
business. From the decision of the kirk session there is an appeal to

the presbytery in wliich the parish lies. Each presbytery is composed
of the ministers and elders of a certain number of parishes ; but the
presbyteries vary considerably in the number of parishes of which
they are formed. A higher court, called a synod, (of these there are

sixteen) is composed of two or more presbyteries. From the decision

of a synod an appeal lies to the General Assembly, whose decision is

final. The functions of the Assembly are analogous to a combination
of the functions of both houses of parliament. Its members speak and
vote; it judges all matters connected with the government of the
church; and it can proceed judicially against any member of tho
church, clerical or laical, for alleged impropriety or inconsistency of

conduct or doctrine.

The connection of the Church of Scotland with the State is indicated

in the General Assembly by the presence of a functionary, who, under
the title of lord-high-commissioner, represents the king or queen. The
Scottish church however does not recognise the king or queen as head
of the church, but as head of the state, with which the church is

allied, for purposes of protection and civil authority. The lord-high-

commissioner has no voice in the assembly ; business is not necessarily

interrupted by his absence ; and his presence merely implies the
sanction of the civil authority. On the conclusion of the session of

the General Assembly, the moderator, after mentioning the day in the
following year on which the Assembly meets again, dissolves the

meeting in the name of the Lord Jesus Christ, the head of the church
(sometimes the words ' the only head ' are used), and then the lord-

high-commissioner adds the sanction of the civil authority by appointing

in the name of the king or queen the Assembly to meet on the day
named by the moderator.

The Free Church, since the disruption, has held a General Assembly
of its ovra, about the same time as that of the established Church,
but it is not recognised by the government more than the assemblies

of other sects for the internal management of their own ecclesiastical

affaira.

GENERAL ISSUE. rPLEADiso.] '

GENERALISSIMO, the commander-in-chief of an army which
consists of two or more grand divisions under separate commanders.
The title is said by Balzac to have been first assumed by Cardinal
Richelieu, when he led a French army into Italy, and it has been since

occasionally given to officers at the head of armies on the continent,

but it has never been adopted in this country.

GE'NERATING FUNCTIONS. The term uenerating fiincllon is

a name given by Laplace to any function of ,r, considered with reference

to the coefficients of its cx(>anBion in powers of .r, as follows : If

^.<;=«^0 + i/'l.a'-n(<2. . . +1^5! . .r" +,..,

then (^x is the generating function of ijin. Thus, the generating func-
tion of n is .r-=-(l— a)', since the coefficient of x' ya the expansion of
the preceding is ».

The theory of generating functions was investigated by Laplace, and
it may be found in his ' Th^orie des Probabilitds," or in Lacroii,
' Treatise on the Differential Calculus ' (in tho third volume of the
quarto edition), in the Appendix to the Cambridge translation of
Lacroix, or in the article on ' Probability ' in the ' Enoyclopa;dia
Metropolitans.' Its principal use is in the solution of equations of
differences, and in the deduction of theorems connected with that
subject.

GE'NESIS, THE BOOK OF, is the first of the five books of
Moses, and derives its name from the principal event recorded in it,

namely, the creation of the world and the human rtice, which in tho
Septuagint Greek translation is expressed by the word denesis (reVeirij),

"creation," or "production." In the original Hebrew it is" named,
according to the usual custom, from the first word in the book,
Bereehilh (n^tTS^i), " In the beginning." It is also the first book
of the Pentateuch, so called from the Greek Trf^rt, ' five,' and revxos,
an) ' implement ' or ' volume

;

' that is, tho fivefold volume, which
comprises the five books of Moses,—Genesis, Exodus, Leviticus, Num-
bere, and Deuteronomy,—and which down to the present time form
one continuous rolled volume in the Hebrew manuscripts.

It has been thought by many critics that the book of Genesis was
not written by Mosus. There are some passages in it which evidently
could not have been the composition of M( set, since they refer to

events which happened after his death. See c. xiii. 18, c. xxiii. 2, and
c. xiv. 14, where Hebron and Dan are mentioned, which, we learn from
other parts of the Bible, had different names in the time of Moses.
See also Gen. xxxvi. 31, where an allusion is made to tho kings of

Israel, and a list is given (31—43) of the princes of Edora, which is the
same a^ the list given in Chronicles i., c. i. 43—54. But these and
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dmiUr pMaage* mig^t eaail^r bare been inaerted in later time*. Dr.

UravM, in hia ' Lecturea on the Pentateuch,' and Faber, in hia ' Horas

MoaaicK,' ahow that there ia no otlwr period in the biatoty of the Jewa
to which ita oompoaitioo can be ao weu referred. The preface to the

flrat Tolume of the laat editiun of RoaenmUUer'a ' Scnolia in Vetua
Testament,' oontaina a fair view u{ the contrureriy, in which he gives

luany reaaons tor relinquishing tho opinion he formerly held, that the
book of Geneeii waa not written by Moaea.
Suppoaing Moiea to hare be<nt the author, it becomes an interesting

question to ascertain in what manner Moses was enabled to give a
bithful history of erenta wliich happened ao many centuries before

his own age. The book must have been composed in one of three

wan : let, by immediate revelation of every circumstance from God

;

2na, by a ooUection of ancient traditions ; or 3rd, from former docu-

ments. The first supposition is generally abandoned in the present

day by all theologians, with the exception of those who believe in the

verbal inspiration of the Scriptures. The aecond, which is a common
opinion amongst theologians in this country, would not injure the
credibility of the book : since Lamech, the father of Noah, was contem-
poraiy with Adam ; Shem, the son of Noah, lived in the time of Abra-
ham ; his son Isaac was contemporary with Joseph ; and some of the
oontemporariee of Joseph might have known Moses ; so that few per-

oos were required for the transmission of the traditions. The third

opinion is the one generally received by the German theologians of the

present day : that they were few, ia most probable, but the existence

of written documents anterior to the time of Moses is unquestionable.

In Genesis xxvii. the blessing of Isaac on his aons, and in xlix. the
dying addreaa of Jacob, are both apparently given verbatim. This
opinion is strengthened by the fact that, in other books of the Penta-

teuch, reference ia made to pre-existing sources. In Numbers xxi. 14,

there is an avowed quotation, " It is said in the book of the wars of

the Lord," &c. ; and in xxiii. and xziv. are given the hymns or parables

of Balaam in hi« own words. This does not detract from, but rather

adds to, the Ijelicf that the books were the inspired compositions of

Moses ; for though he may have used such pre-existing documents, and
though his knowledge of many of the events might have been derived

from contemporaries,—as, for instcioce, the Egyptian relation of the
history of Joseph,—inspiration was not less necessary to enable him
to distinguish the true from the false, and, while it was not needed in

the case of the outward facts of Joseph's life and adventures, without
it he could not have developed the scope of the mystery of Providence
in those events as affecting the whole remaining history of the Hebrew
nation. For a further investigation of this |K>int, see Turner's ' Com-
panion to the Book of Genesis,' New York, 1841. As to the attempts
to prove a multiplicity of authorities from the designation of the Deity
by different names,—as Elohim, God ; Jehovah, Lord ; and Jehovah-
Elohim, Lord-God,— Hengstenberg, in his 'Authentic des Peuta-

teuches,' has proved that the variation is always adapted to.the sense

of the passage in which the nriter has used it, and never arbitrarily or

uncertainly. Ranke (' Uutersuchungen iiber der Pentateuch,' 1840),

Dreschler (' Die Einheit und Aechtheit der Genesis,' 1838), and Mr.
Turner, have token the same view, and their works contain disi|ui-

itions on these various significations, by which they endeavour
sucoesafully to establish grounds of their hypothesis.

Objections have likewise been urged against the account of the

Creation in the book of Genesis, as not agreeing with the facte of

geology and natural lustory. These have been met by Dr. Pye Smith
(' Geology and Scripture '), Dr. Redfonl (' Holy Scripture Verified '),

Hugh Miller (' Footprints of the Creator '), and others, to whose works
we refer the reader.

The chronology of the book of Genesis has occasioned great difficulty.

This arises from the ditforence of the Hebrew text from the Septuagint.
According to the Hebrew text, the Deluge happened a.m. 1656; acuord-

ing to the Septuagint, a.m. 2262 ; the former giving B.C. 4004, and the
lattar B.C. 541 1, as the epoch of the Creation. Dr. Hales, with many
other critics, considera the dates of the Septuagint to be more in

accordance with profane history and with the various events related in

the first chapters of Genesis. Our limits prevent us from giving an
account of the controversy ; we can only refer to the arguments in

Dr. Hales' ' Analysis of Chronology,' vol. i. 273-803, and Clinton's
' Fkiti Hellenici,' vol. i. pp. 283-301, the btter of whom defends the
chronology of the Hebrew text, and observes, with much justice, that
there does not appear any sufficient reason for inducing the Jews to
change the numben, while the transUtor* of the Septuagint were
naturally anxious to make tho epoch of the Creation more conformable
with the high pretensiona of the Egy|>tian8 and Chaldsans. From the
Deluge to ^e common dote of the birth of Abraham, the Hebrew text
j^ves 202 years, the Septuagint 1072. This date is given on the
authority of Ocn. xi. 26 :

" And Zeroh lived 70 years, and begat
Abnun, Xaliur, and Haran." But there is sufficient reason for believing
that Abraham was not bom till 60 years afterwards, and that his name
b only placed first on the catalogue on account of his celebrity, not
beeauss he was the first-born. Adding 60 years to tho former num-
bers, we obtain the birth of Abraham aooording to the Hebrew text,

A.M. 2008, or B.C. 1006 ; according to tho Septuagint, as corrected by
Dr. Hales and Mr. Clinton, a.m. 82S8, or B.C. 2168. Having obtained
the birth of Abraham, there ia no great difficulty in ascertaining the
date* o( the principal events that follow. "The following table is

abridged from Clinton'a ' Fasti Hellenici
;

' the dates are reckooed
from the birth of Abraham :

—

Birth of Abraham in 180th year of Zerah. Gen. zL 32, xiL 3-5,

compared with Acts viL 4.

10. Birth of Saimh, ten years younger than Abraham. Gen. xvii. 17.

75. The call of Abraham. Gen. xii. 1-4.

86. Birth of Ishmael. Gen. xvi. 16.

100. Birth of Isaac. Gen. xvii. 17.

137. Death of Sarah, at the age of 127. Gen. xxiii. I, 2.

140. Marriage of Isaac, at the age of 40. Gen. XXT. 20.

160. Birth of Esau and Jacob. Gen. xxv. 26.

175. Death of Abraham. Gen. xxv. 7, 8.

237. Jacob goes to Haran at the age of 77.

257. Jacob returns to Canaan. Gen. xxxi. 41.

263. Joseph, at the age of 17, sold into Egypt. Gen. xxxvii. 2.

280. Death of Isaac, at the age of 180. Gen. xxxv. 28.

281. Joseph, at the age of 30, governor of Egypt, Gjn. xli. 46.

290. Jacob, at the age of 130, goes into Egypt. Gen. xlvii. 9,

"807. Death of Jacob, at the age of 147. Gen. xlvii. 28.

360. Death of Joseph, at the age of 110. Gen. i. 26.

The following passages are supposed by most Christian divines to be
prophecies relating to Christ:— iii. 15; xii 3; zviii 18; xxii. 18;
xxvi. 4 ; xxviii. 14 ; xlix. 10.

(Eichhom's Einleiliing in'i AUe Ttttamtnt ; Atigusti's Onmdriia
finer historiich-kriludien Einldlung in't AUe Tettam'ul ; ¥t\>eT» llora

Motaica ; Graves On the Pentateuch ; Rosenmtiller's Scholia ; Holden's

Dissertation on the fall of Man ; Home's Introduction to the Scripture*:

Von Bohlen, Die Genesis ilbertucht, mil Aumerlkungen, 1835; Tush,
Kommentar Uber die Genesis, 1838.)

GENEVA; GIN; HOLLANDS. There is a confusion in tho
popular meaning of the names of these three kinds of distilled

liquor. Geneva is frequently confounded with gin. It is, however,
a fermented liquor, which bears tho same relation to gin as wine does

to any distilled spirit. It is procured by the fermentation of the
berries of tho Juniperus communis. These berries consist of a peculiar

saccharine principle (which exists to the amount of about 33 per

cent, along with acetate of lime), and a volatile oil, which is con-

tained in peculiar cells lying close to the seeds ; as Uie oil assumes a
resinous state in old berries, these cells may be easily seen in such
specimens. The green one-year-old berries contain much more volatile

oil, and are to be preferred to the ripe berries. The oil rarely exceeds

one per cent. From the quantity of sugar which they contain the

berries can easily be caused to ferment and yield a spirit, or vinegar may
be made from them. Geneva is a very powerfully stimulating liquor,

containing a large proportion of alcoboL The volatile oil having a special

action on the kidneys renders it the most proper conlial in cases of

dropsy from debility, or even connected with diseased heart, when the

system requires support. The usual acceptation of geneva as a beve-

nigo is incorrect ; nothing deserving of the name is sold in the spirit-

shops of this country.

There appears to be no real difference between the so-called (teneva

and Hollands; indeed these two names, as well as Hollamh Gin, are

now only different designations for the same liquid ; but originally, as

just observed, Geneva (not named from tho Swiss city, but from tho

French narae,</eMiiiTf, of the juniper), was a different liquid. Holl.tnds,

or Hollands geneva, or Hollands gin, is a kind of corn-spirit, which
was originally wholly imported from Holland. The best kinds now
made are those of Schiedam, Rotterdam, and Weesoppe, liy various dis-

tillers, each of whom has his own peculiar process. Strasburg tur-

pentine, fennel seeds, oil of fennel, and hops arc \iscd, a.i well as

juniper, as flavouring ingredients; but it is supposed that the su]ie-

riority of Hollands geneva over English gin depontU rather on some
peculiar nio<lo of manufacture than on the ingredients employol, and
on the fact that it becomes «.'/«/, or mellowed, or creanud, by remaining

some time in bond before use. Some of the English rectifiers en-

deavour to produce a spirit exactly like HolLinds ; but a <litrercnco

can always be detected by good judges. Pure Hollands have less

acidity than any other spirit in common use. Concerning the more
familiar liquid, ijin, this name was an abbreviation of Genera, and
was adopted when English rectifiers tx^an to make a Uquid that

might share the favour with which Hollands geneva was re-

garded. English gin, in the 'jirescnt day, consists of plain com
spirit, flavoured with oil of turi>eiitiiie, and with a small quantity of

other substances. Juniper may i>os<iibly bo an essential element in

Hollands geneva, but it is not in English gin. ItUch i-ectificr has a

recipe of his own, which he does not divulge ; and hence the difference

in flavour between Booths', Hodges', Smith's, Nicholson's, Bristol,

Plymouth, and other kinds of gin. Of all these it can scarcely be said

that one is better than another, only th.tt they differ, as one kind of

London porter differs from another. Different kinds of gin have

the plain-gin flavour, tho Hollands flavour, the whiskey flavour, the

smokcy flavour, &c. ; some are intended to present the i|ualitie8 of ful-

ness or richness, others piquancy or biting, lie, ; and all these differences

depend on tho vegetable substances distilled with or added to the

crude spirit—such as sugar, juniper, bitl«r almonds, turpentine,

creosote, lemon, cardamoms, carraways, cassia, garlic, Canada balsam,

Strasburg turpentine, horse-radish, grains of paradise, ctyenne pepper,

and various other berries, seeds, fruits, herbs, &c. Sometimes such
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chemical agents as sulphate of zinc, caustic potash, and sulphuric acid,

are added ; but this is usually for some fraudulent purpose. It is

believed that Londou gin, as retailed, is more frequently adulterated

than any other ; because there is a taste in the metroiwlis for sweetened

gin ; and the addition of sugar masks the taste of some strong substance

which has'been added to facilitate a large dilution with water.

The processes of manufacturing these vaiious kinds of spirit are

described under Distillery.
The importation of geneva, so called in the official returns, has

varied in the last fifteen years from 130,000 to 430,000 gallons per
annum ; but there are other kinds, called " other foreign and colonial

spirits," distinct from geneva, rum, and brandy, of which quantities

have been imported varying fmm 30,000 to 1,100,000 gallons annually,

and which are probably varieties of corn-spirit. This last-named entiy
has rapidly increased within the last few years. The computed real

Yalue of the geneva and corn-spirit imported in 1858 was about
130,000t The British spirit charged with home duty, most of which
is either gin or whiskey, has varied from 20,000,000 to 26,000,000
gallons yearly in the last few years. The difference between gin and
whiskey, chemically and commercially, is noticed under Distillery.
GENII, called in the East Ginn or Djinn, are supposed to be a race

of Ijeings created from fire, capable of assuming any form and be-

coming invisible at pleasure. All Moslems are obUged to believe in

their existence, since they are said in the Koran (c. vi.) to be created

by God. It is imagined that they inhabited this world many ages
before man was created, and were governed by forty successive

monarcha of the name of Solomon, the last of whom was called G4n
Ebn G&n, and that from him they derived their name. It is also said

that they frequently rebelled against God, who at length deprived
them of their possessions and gave them to man. We learn from the
Koran (c. 72) that many of these wicked spirits were converted by
hearing Mohammed reading a portion of it, <ind that those who continue
unbelievers (called, in c. 27, Ifrtt) will be condemned to the fires of

hell. They are believed to take great interest in human affairs, and to

be the authors of much happiness and misery to mankind. (An inter-

esting account of the superstitions of the modem Arabs respecting

Genii is given in Lane's ' Modem Egyptians.') The belief in such an
intermediary class of beings between divinity and humanity has been
very extensive. The Greek* had their Jai/ioi/n; the Romans their

Oenii [Genius] ; the Chinese have their good and evil beings, and
every town or province chooses one for its protector, to whom the
governor prays, on his admittance to office, for support and assistance

in his charge ; and the Africans have their fetishes. It must be
athnitted, however, that none are so fanciful and poetical 38 the genii

of the orientals.

The Roman genii are represented in works of art as winged figures

;

they are frequently figured contending in chariot races : in friezes

in the Briti^ Museum their chariots are drawn by dogs, but they
often are seen driving horses. Genii are commonly introduced by
scvilptors on monuments, &c. ; sometimes they carry a cornucopia

;

at others they support the portrait of the deceased, or bear his

armour, &c.

GENITIVE. [Ablative Case.]
GENIUS, in its original acceptation, denoted the tutelary god or

dxmon which, according to an ancient and common superstition, was
allotted to every individual at his birth, to guide and rule him during
life, to preside over his fortunes and destiny, and eventually to lead

him from existence ; and it waa supposed that the variety observable
in the characters and capacities of different men was dependent upon
the higher or lower nature of their attendant genii. Afterwards the
word came to signify the disposition itself, without reference to it-j

supposed cause ; and lastly, in modem times it has been employed, in

a restricted but peculiar sense, to designate either that high mental
pre-eminence which is occasionally found in a few individuals, or, by a
metonymy, the person possessed of such rare excellence.

Like every thing else that is truly beautiful and great, Genius has in
it a something undefinable ; and hence the variety of notions as to its

origin and nature, in all of which there is and must be something
deficient. Dr. Johnson's definition (' Life of Cowley,') is this : "The
true genius is a mind of large general powers accidentally determined in
some particular direction." Generally it is understood to be the jjer-

fection of human intelligence. And as this consists in the highest
possible activity of the mental energies, genius is essentially creative,
and all its productions are indelibly stamped with the impress of
originality and grandeur. It is at once a law and a model to itself ; it

pro<luces what has never before been accomplishe<I, and which all, in
all ages, are constrained to admire. It receives therefore its impulse
fron» enthusiasm, for nothing great can be accomplished without that
enthusiasm which is enkindled by some dominant idea, to which all

eUe is made subordinate and postponed; and its chief faculties
are the reason and the imagination^ which alone are inventive and
productive.

But according as one or other of these faculties predominates, genius
becomes either scientific, artistic, or poetic. In the first case it seizes
at once those hidden affinities which otherwise do not reveal them-
selves, except to the most patient and rigorous application ; and as it

Were intuitively recognising in phenomena the unalterable and eternal,
it produces truth. In the two latter, seeking to exhibit its own ideal
ABTS ASD SCI. DIV. VOL. IV.

in due and appropriate forms, it realises the infinite under finite types,

and so creates the beautiful.

But even the most eminent genius must duly form and develope itself

by a careful contemplation of the beautiful and true which the great

geniuses of past time may have created and discovered. It is by
looking exclusively to this circumstance, that those who deny any
original inequality among men have been led to maintain that what is

called genius is simply a result of education and culture ; while on the
other hand an equally partial consideration of those extraordinary

powers which have occasionally been exhibited in totally uneducated
minds, and under the most unfavourable circumstances, has deceived

the zealous partisans of original genius.

In active life the grand and ambitious designs of successful states-

men and conquerors arc often ascribed to genius, but they belong more
properly to the energy of the will than to that of the intellect, to force

of character rather than to power of mind.
The phrase " universal genius," in order to be legitimate, requires to

be limited in one or other of its terms. When applied to a Fontenelle

we must restrict the signification of genius to the power and capacities

of the human mind in general ; and it is only by confining the term
universal to all the .subordinate branches either of art or science, that

it is even allowable to ascribe it to thf genius of a Shakspere, a Michel
Angelo, or a Leil uitz.

Genius and fancy are often confounded : the latter ia undeniably a
pre-eminent capacity, but it exerts itself rather tu imitate than to

invent, and is devoid tff all enthusiasm.
GENOUILLERE. Tlhis is the term applied in fortification to that

portion of the mterior slope of the parapet, which is below the sill of

the embrasure and in front of and covering the gun-carriage.

GENTIAIJA LU'TEA, a perennial plant, common in the moun-
tainous and sub-alpine districts of Switzerland, Germany, &c. Though
the whole plant is bitter, yet as thia property is most concentrated

in the root, that part only is officinal. The root should be taken up in

autumn, and is best when the plant is only one year old. It is

generally cylindrical, often an inch thick at the summit, but below
rather branched, of a dark or brown colour externally ; internally fleshy

and yellow. In commerce it is met with in pieces, cut longitudinally,

from six inches to a foot in length. A transverse section displays

three distinct circles. The gr&iter portion is procured from Ger-

many ; the specimens from Switzerland are generally thicker and
darker coloured.

When fresh it has some smell, which is almost entirely lost by
drying. The taste is at first somewhat sweet, then purely and strongly

bitter. According to the analysis of Henry and Caveutou, it contains

a principle termed Gentianin, which is crystallisable ; a volatile

odorous principle, a greenish fixed oil, a free organic acid, uncrystal-

lisable sugar, gum, colouring matter, &c. The oil is in very minute
proportion ; three cictt. yield only half a di-achm of oil. The so-called

gentianin consists of two distinct principles : one tasteless and
crystfiUine, f/eutism or ijetitisic acid, the other bitter tjentianite.

Owing to its saccharine matter it soon moulds in a damp place, and
should therefore be kept in a diy airy situation. From the abundance
of the sugar, it is easily susceptible of fermentation, and from it ia

distilled a spirit, called Enziangeist, or '* bitter snaps," much employed
by the peasants on the Swiss Alps to fortify the system against the
fogs and damps of these lofty regions. Strangers shoidd be spai'ing in

the use of this, as it contains a narcotic principle in addition to the
apirit.

Yellow gentian-root is often confounded with the roots of other

species of this genus, a circumstance attended with no bad conse-

quences, but unfortunately roots of vei-y poisonous plants, growing ia

the same locality, are often taken up instead of the proper one ; these

are, Sbe Veratrum album (white hellebore), the leaves of which resemble
those of gentian in their peculiar venation, but are alternate, while

those of gentian are opposite—the root is very different, and besides

this, it contains Veretria ; and the Atropa Belladonna (deadly night-

shade), which, besides differences in the physical characters, is devoid

of the peculiar bitter of gentian, and acquires a bluish-black colour

from tincture of iodine. The roots of Aeonitum Lycoctouum and
Ranunculus Thora are occasionally confounded with gentian-root.

Gentian-root is a pure and excellent bitter tonic, useful in all cases

of debility, whether of tlie stomach only, or of the system generally.

It possesses fiicilities, from not being decomposed, of being adminis-

tered along with many metallic s.'Uts. It yields its properties to

water, particularly when warm, to .alcohol, and to wine. The simple

infusion, and not the compound, of the ' Londou Pharmacopoeia

'

should be employed, when any salts of iron are prescribed in the same
formula. The extract is an eligible means of giving bulk, when
several antispasmodic remedies, of which the dose is minute, are to be

made into pUls, such as oxide of zinc, protosidphate of iron, or extract

of aconite. In the We.st Indies a preparation of gentian is used daily

before meals, to give tone to the knguid stomach. Stoughton'a

elixir, which is what is commonly used for this purpose, is only a

quackish imitation of the compound tinctme of gentian of the

Pharmacoixcia.

In the East Indies several species are used as bitter tonics. The

Chirayita, or Chiretta, m the form of a cold infusion, is much prized

for its tonic and febrifugal virtues, Guibourt contends that this plant
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ia Um OiImbu* arooiatieas of Um laeiaBta. an opinion from which Dr.

Bovle diaarnts. (' Flora of the HinutUj-a,' p. 377.)

OBNTIANIC AUID (C.,H,„0,.r) ; (JnuUmm ; a ciTitallin* acid

•stracted from Um root ot tlw Onliama Uuta. It ia Tarjr alighOy

oluble in water, littia more ao in ether, but readil; aoluble in boiling

•iooboL Itdoea not raddan litmus. Acted upon by nitric acid, it

traa Bitn>.g«itiaiiie aeid (C„H,(NU,),0,„.i-2Aq.).

OKMTIAMIM. [OnrnAXic Acio.J
OENTLEMAN, a corruption of .vnUaUoMuK, our Saxon anceatora

kaving verj early aubatituted " mon,* or " man," for the oorreaponding

term of the Norman-Preach, from which they originally reoeived the

term. Some funu uf thia wuni (a compound of i,rmlilit and homo) is

found in all the Romance Unguagea'( tnlilkomme in F'rench, iitntil-

wumo in Italian, and genlU-kumhrt in Spaniah), and it ia undoubtedly

«• of the many traoea of the great influence which the Iswh and polity

cf Rome exerdaed upon modem aociety and civiliaation.

In tlw aariieet form of the Roman conatitution the populua, or ruling

portion of thi> community, wax divided into gentea, who were united by
• oommon name, and t)i« perfunnance of certain aacred righto. Each,
gtna waa again mibdividcd into aeveral familisB, distinguiabed by a aur-

aame is addition tn the common gentile appellation. Tbiu, the gens
Ooma!ia compriaed the families of the Scipionex, the Leiituli, the

Sylla<, &c. Now, in default of the Agnati, or of beirs in the male line,

the property of the family reverted, not to the whole populus, iu

whom, of strict right, the sovereignty lay, but to the gena to whom it

had transferred its rit.'hts.
*

This right of reversionary succemion, especially in the case of

usufructuary poesassions of the public I mds, being the most valuable
and important privilege of the patricians, waa brought prominently
forward in the quarrels between the nobles and the plebeLing, and the
phrase gtHlem habere (Livy, x. 8) is often employed as distinctive of the
former. Afterwards, when the members of the plebe obtained the
right of intermarriage with the patrician families, and an access to

the honour<) of the state, which confeired the j'im imaginum, or nobility,

Utey also received the rights and privilege of gtnle*. To be admitted
into a gt>i$, became henceforward et)uivalent to a patent of nobility in

modem times, and gcntUit is accordingly widely defined by Cicero
(' Top.' 6) as denoting those who were of the same name and stock,

frec-bom, in the full enjoyment of all the rights of citiisenship, and
whose ancestors were always free. Hence, also, in an opposite sense,
" tine genu " is employed by Horace (' Sat.* ii., v. 15) and Suetonius
(' Tib.' 1) for ignobly bom and of servile piirentage.

Thia inivilege of succession, which was called jta gentilitatis, or
limply geHtiliiat (Cic.,'Do Oratore,' i. 38), and formed one of the
•naetments of the Twelve Tables, was gradually undermined by the
eocroachments of the pnctors on the civil law, and tiii.ally <lisappeared
(Oaius, iii. 25) ; but the name has Kurvived in all the languages of
Western Europe.
According to Selden (' Titles of Honour,' p. 852), " a gentleman is

one that either, from the blood of his ancestors, or the favour of lus
oveiaigne, or of those that have the vertue of soveraigntie in them, or
from his own vertue. employment, or otherwise, according to the cus-
tomes of honour in his couiitrie, is ennobled, made gentile, or so raised
to an cminencie above the multitude, that by those lawes and customes
he be truly nobilis, or noble, whether he have any title, or not, fixed
besides on him." That the word was formerly employed in this exten-
sive signification is clear from a patent of Richard II., by which one
John de KingHton is received into the estate of a gentleman and
created on esquire (" Nous lui avons resceivez en Testite de gentil-

home et lui fait esquier") ; and from another of Henry VI., who there,
l»y the term " nobilitamus," creates one Bernard Angevin, a Bourdelois,
a gentleman. And, according to Smith (' De Rep. Ang.,' lib. i., c. 20,

21), under the denomination of gentleman are comprised all above
yeomen, whereby noblemen are truly called gentlemen.

In a narrower sense, a gentleman is generally defined to be " one
who, withont any title, bears a coat of arms, or whose ancestors have
been freemen ; and by the coat that a gentleman gireth, he is known
to be, or not, descended from those of his name that lived many hun-
dred years since." (Jacoba' ' Law Diotion.wy.') There is also said to
be a gentleman by office and in reputation, as well ai those that are
bom such (2 ' Inst.' 688) ; and, according to Blackstone, quoting Sir
Thomas Smith (1 ' Coram.,' p. 406), " Whosoever studieth the laws of
the realm, who studieth in the universities, who professcth the liberal
sciences, and (to be short) who can live idly and without manual
labour, and well bear the port, charge, and countenance of a gentleman,
he shall be called maater, and taken for a gentleman."
The learned author must have tjecn somewhat puzxled with his

definition of a gentleman, as understood in his time. Havine defined
• gentleman to be one who studieth the kwa, Ac, he adds (to be short)
that he who can live Idly and bear the port, ta, of a gentleman, is a
nntieman ; that is, if he can live idly, and if he can also do as a gMi-
Heman does (it not being said what this is), he is a gantloman. Perhaps
• definition of the term, aa now used, would not be easily made ; it

being extended by the courtesy of modem manners to many who do
not come within the ancient acceptation of the term, and denied by
public opinion to many whose rank and wealth do not make up for tha
want of other qoalifications.

OENUS, in Physics, ngniaes a multitude or claas of objeoU powwwing

ooM common quality or qualities. In logio it doootea the matorial
part of the definition.

WlioB we direct our attention to a putieuUr object, we diseovor
ondar its apparent unity a great variety of diancters and qualities

;

and, upon an examination of several objeets, we observe many points
of agreemant and diflersooa between tham. By the power 'whioh we
poiaeat of oonoeotrsting oar faieokieB, we are enabled to oonaider tlieae

mutual relations and resemblances without any regard to their AiSit-
sncea : we, as it were, draw the one away from the other ; in ahort, we
abstract them.
Now, by abatractioo, we may either confine our view to a quality

inlierent in some object independently of that object; or elae, neglecting

the many points of disagreement which exist between a number of
objects, we may aaiae upon tlie qualities that belong to all in common,
in order to combine than into a single idea. In the former case the
notion ia simply abetraot ; in the Utter it is abstraot and general ; and
the mtUtitude uf objects to wliioh we apply the general notion or
oommon term constitutes a gtiuu.

In thi) operation we may proceed continually by nagieeting in
sucoeanon a greater number of differeooes, and comprising under the
oommon denomination fewer points of agreement and resemblance.
In this manner we form a aeries of notions or genera of higher and
lower order, until we ultimately arrive at the highest possible—that of
being. In this coordination of genera, every intermediate genus is

called a subaltern genus or species, being such in respect of diflTercnt

other terms ; for that of which a higher genus is predicated is called a
pedes, while relatively to all lower species it is itself a genus. Lastly,

that which is not contained under any higher, is called the nmtimn
gtHut, and that under which individusja only are comprised is usually
called the ia^sia i/>ccitt.

These general notions and genera are the principles of classification

and arrangement, and without them the knowledge of beta and nature
itself would be, if not absolutely impossible, at beet a confused mass of
conceptions and objects without beauty, order, or coherence. But at
the same time that we thus admit the utility of such general notions,

we must remember that they are purely relative to human science and
its objects ; that even as such they are imjierfect, and very far from
conveying an 8de<|uate expression of tlic truth of nature, wherein there
is nothing really corresponding to them, but only a something in the
individual objects from which we derive them, which not only is the
cause and the occasion of our forming them, but also transferring to
them, as it were, a part of its own verity and existence, justifies us in
according tr> them our confidence in science and action.

GEOCENTRIC (having the earth as centre), a term applied to the
place of a plauet, as seen from the centre of the e.irtli, in opposition to
its hdiorey^tric place, as seen from the centre of the «un. [Parallax.]
QEO'DE.SY is that branch of appUed nutthematics which determines

the figures and areas of large portions of the earth's surface, the general
figure of the earth, «nd the variations of the intensity of gravity in
different regions, by means of direct observation and measurement.
Some of the ancient philoeophers, who lived several centuries before

the Christian era, were acquainted with the nearly spherical form of
the globe, and even devised methods for measuring approximately a
meridional circumference. [EtuTODTBEKm, in Biog. Div.] The Arabs
long afterwards pursued the same object, and the Caliph Almamoun,
in A.D. 814, ordered the measurement of a degree in the pUins of Meso-
potamia, an example which, after another long interval, was imitated by
Snellius in Holland, Norwood in England, and by several FVench and
Spanish mathematici.-ms. Richer observed a variation in the length of

the seconds' pendulum when sent to Cayenne by the French Academy
of .Sciences, the true cause of which phenomenon wa» explained by
Newton ; for the centrifugal force ariaing from the earth's rotation

round its axis in twenty-four hours is directly opposed to the force of
gravity at the equator, and in other latitudes the mrt of this force

which acts in the direction of the plumb-line is nearly proportional to

the npiarc of the cosine of the latitude. He has also proved in his
' Principia ' that a uniform fluid spheroid, in which the ratio of the
centrifugal force to the attraction at the surface was the Hainc as in

the earth, would be in i-quilibrium when the axis of revolution was
less than the equatorial diameter by 1 -230th of the latter. From that

time measurements have been undert-iken under the directions of the
various KDTemments of Europe, to determine if the globe were really

flattened at the poles, and also for the purpose of forming exact maps
with respect to the latitude, longitude, and altitude, ah>ave the level of

the lea, of places in their respective dominions ; and hMtly, the French
have deduced their legal taetre ot length from the measurement of a
particular meridian ara Jacob! baa lately shown that a revolving fluid

ellipsoid, having three unequal axes, may also present a smibce ot

equilibrium.

The result of so many geodetic enterprises hoa not been as successful

as could be wished. Some of the earliest attempts by the French
were faulty in computation, and gave results directly contrary to

Newton's theory, and some able mathematicians of th-it d.iy appear to
have been misled by a feeling akin to envy, to the extent of supporting
tbeae false conclusions by plaudble reasonings. The error of that

•oirey has been since discovered, and all the methods which have been
employed in the numerous trials undertaken in this and the last

century agree in proving that the polar axis of the earth is shorter
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than the equatorial by about l-300th ; but they have served at the

same time to demonstrate that the earth is not a spheroid, that it is

not a Bolid of revolution, and that the figures of the northern and

southern hemispheres are dissimilar. Hence if we suppose a solid of

revolution having its axis in the same direction as that of the earth,

and osculating the surface of the latter, the excentricity of this

spheroid varies both with the latitude and the longitude of the

place.

If the materials which compose the solid mass of the earth had equal

capacities for heat and became liquid at equal temperatures, the

spheroid of revolution would most probably be the figure assumed at

the epoch when the cooling of the whole had rendered it sohd. Such
however is not the case ; a great portion of the surface of the globe is

yet liquid, and of the solid parts some must have assumed that state

prior to others. It is also possible that the temperature of space is

variable within the e.ttent of the solar system, and therefore the

conditions for the cooling of the northern and southern hemi-

spheres may be different, and a very small difference would suffice

to produce, in a long series of ages, a marked difference between
the temperatures of the two hemispheres, and therefore a corres-

ponding difference would arise relative to their forms. The general

sphericity of the earth cannot be otherwise conceived than by its

primitive fluidity, and the irregular cooling of ite parts accoimts suffi-

ciently for the observed departures from the 8]>heroidicaI shape, which

would have been otherwise produced by the attraction of its parts and

the centrifugal force of rotation. The other bodies of the soiar system

which have short periods of rotation jfresent the analogous appearance

of unequal axes, the equatorial axis being always the longer.

In the trigonometrical survey of portions of the earth's surface, the

extent or area may Vie computed more and more approximately by the

suppositions of such portions being plane, spherical, spheroidical, and
lastly of being coincident with the osculating spheroid.

As the method of conducting ordinary surveys for topograjjlucal

purp ees will be explained under another head [ScBVEn.vo], we
shall here treat of geixletical measurement* in reference only to

general geo.,Taphy and the figure of the earth. We propose therefore

to give a short historical notice of the principal trigonometrical surveys

which hive been undertaken in different pa:ts of the world for

ineuuring terrestrial degrees, or accurately delineating considerable

portions of the earth's surface ; tA describe the general nature and
objects of the operations to be performed in carrying on such Bur%-eys,

and the principles upon which the computations are made ; and to

«tat« the dimensions of the earth, considered as the spheroid of revo-

hition, which have been deduced from the comparison of those

measures of meridional arcs which appear to have been executed with

thegreatest precision.

The merit of first applying trigonometry to geodetic operations

belongs to Willebrord Snell [Sxell, in Bioo. Drv.], who in 1617 under-

took a survey of Holland, for the double jiurpose of establishing the
geographical positions of the principal cities in that country, and
measuring a d<jgree of the terrestrial meri<lian. The method which he
followed was the same in principle as that which would be adopted at the

present time. Having formed a series of triangles extending over the

country, he observed their angles with a quadrant, and computed their

sides from a base which was carefully mea.sured with wooden perches

on the ground. He also determined the direction of the meridian at

Ijeyden, and observed its inclination to a side of one of his triangles,

and th.reby obtained the bearings of the different angular points.

Lastly, by observing the altitude of the pole-star with a five-feet

quadrant at Alkmaar, Leyden, and Bergenop-zoom. he determined the
amplitudes of two celestial arcs ; and on comparing the amplitudes
with the terrestrial distances computed from the triangles, and reduced
to the direction of the meridian, he concluded the length of a degree
to be 28,500 Rheinland perches, or 5.'),100 French toises, equivalent to

about 66f English miles. The result is about three miles too small.

In 1621 Snell meastired a new base, and was preparing to correct some
errors which he bad detected in the calculations, when his labours
were cut short by his early death. Musschenbroek, a century after-

wards, r6-obser^e'i the latitudes, and revised the calculations, and
found 1° = 57,003 toises, or 69 miles. (Snellius, ' Eratosthenes Batavus
de Terrffi ambitus vera quantitate.' ftc, Lugduni Bat.,jl617 ; Musschen-
broek, ' Dissertatlones Physicse,' 4c., lb., 1729.)
About the middle of the same century Riccioli and Orimaldi undertook

to measure an arc of a great circle of the earth in Lomburdy. They
formed a chain of triangles between Bologna and Modena, observed their

angles wit'i a quadrant, and computed their sides from a base measured
on tke road leading out of Bologna. The distance between the two cities

was found to be 20,439 paces. Instead of reducing this distance to
the meridian, according to the method of Snell, Riccioli sought to
determine the arc of the vertical circle in the heavens intercepte<l
between the zeniths of the two stations. This determination, which
presumes an accurate knowledge of the latitudes and the di'clinations

of the stars, could not, in the state of astronomy at that time, be made
with sufficient precision, and accordingly the result was still more
erroneous than that of Snell. He found the amplitude of the celestial

arc to be 19' 25', whence 1° = 63,159 paces of Bologna, or nearly 744
English miles. (Riccioli, ' Oeographio: ct Hydrographise Reformatte
Libri XII.,' Ac, Bonnoniic, 1661.)

Picard, in 1 669, undertook to measure the meridional arc between
Paris and Amiens. This operation was conducted with far greater
precision than any previous one of the same kind, and the result had a
memorable application, as it furnished Newton with a sufficiently

accurate knowledge of the earth's diameter, and consequently of the
dimensions of the lunar orbit, to enable him to compute the force of
terrestrial attraction at the distance of the moon, and thereby establish

the law of gravitation. The angles were measured Tvith a quadrant,
furnished with telescopes having cross-wires in their foci (an improve-
ment in the art of observing then newly introduced), and the sides

computed from a base of 5663 toises. The latitudes were ob.^erved

with a zenith sector at Malvoisine (near Paris), at Amiens, and at an
intermediate point, so that two comparisons of celestial and terrestrial

arcs were obtained, the mean of which gave 1°= .57,060 toises, equivalent

to 364,876 English feet, or about 691 miles. This is a very near
approximation to the true length of the degree at the same place, as it

is given by recent and more exact determinations, but it proceeded, in

part, from an accidental compensation of errors. (Picard, ' Mesure de
la Terre,' folio, 1671 ;

' D^gre du M^ridien entre Paris et Amiens, par
M. Picard, avec les Observations de MM. de Maupertuis, Clairaut,

Camus, Le Monnier, 8vo.' 1740.)

Picard's measurement gave rise to a more extensive operation,— -the

prolongation of the meridian throiigh the whole extent of the French
territory, and the constniction of a geometrical map of France. The

.

triangulation for this purpo.se was begim in 1683 by Dominic Cas.sini,

but after a few angles had been measured, the work was suspended till

1700, when it was resumed, and in the following year the triangles were
extended to the Pyrenees. The northern part, from Paris to Dunkirk,
was completed by James Cassini, in 1718. Cassini adopted Picard's

base, but two bases of verification were measured uenr the extremities

of the arc. A very unexpected result was deduced from this operation.

On comparing the celestial arc with the measuTfed distance between the
parallels of Paris and CoUioure (the southern extremity), the length of

the degree was found to be 57,097 toises, while the arc between Paris

and Dunkirk gave 1°= 56,956 toises. From this it appeared that the
degrees of the meridian become shorter as the latitude increases—

a

consequence directly opposed to the theory of attraction. (Cassini,

'Trai-(? de la Grandeur et de la Figure de la Terre,' Paris, 1720;
Amsterdam, 1723.)

The discussions to which this result gave rise in the Academy o£
Sciences were the immediate cause of the two celebrated expeditions
to Peru and Lapland, which a few yeara 1 iter were und rtaken under
the auspices of the French government for the purpose of definitively

settling the question of the compression of the earth. In 1735
Bouguer, La Condamine, and Godin, members of the Academy, set sail

for Peru, where they were joined by two Spanish officers, Juan and
Ulloa. From the unfavourable nature of the country, the defective

state of their instruments, and other causes, this party encountered
very great difficulties, and several years elapsed before they were
enabled to complete their object. An arc was at length measured on
the plain of Quito, between the parallels of 2' 31" N. and 3° 4' 32'' S.

lat. A primary base of 6274 toises was measured by Bouguer and
Oodin separately ; and a ba.se of verification at the southern e.xtreraity

of 6259 toises was found to differ less than a toise from the length
computed from the first base through the series of triangles. The
measuring-rods were of deal, 20 feet in length, and compared daily with
an iron toise, which from this application has been called the toise of

Peru, and become celebrated in the history of geodesy, being in fact

the standard to which all the degrees measured on the Continent
have been ultimately referred, and in terms of which the greater

number of them have been expressed. The angles were measured with
quadrants of 24 feet radius, and reduced to the horizon by calculation;

in some instances the difference of altitude of two signals observed
from the same station exceeded a mile. The latitudes at the
extremities were observed simultaneously with zenith sectors. Three
different results were computed. Bouguer found the length of the
degree, reduced to the sea-level, to be 56,753 toises at the temperature
of 13° of Reaumur's scale (61 }° Fahrenheit); Condamine found
56,749 toises, and the Spanish officers 56,768 toises. (Bouguer,' La
Figure de la Torre,' &c., 1749; Condamine, ' Mesure des "Trois Premiers
Degrds de M^ridien dans 1' Hemisphere Australe,' 1751; Juan and
Ulloa, ' Voyage Historique de I'Amdrique mdridionale,' 1752.)

While Bouguer and his as.3(X!iates were carrying on their operations

in Peru, an arc of the meridian was measured near the polar circle by
Maupertuis, Clairaut, Camus, Lemonnier, and Outhier. This party

reached Tomea, at the extremity of the Gulf of Bothnia, in 1736, and
established a chain of triangles along the lino of the river stretching

nortlreard to the parallel of 66° 48' 22
" N. lat. A base was measured

on the frozen surface of the river. The latitudes were observed with

a zenith sector by Graham. The amplitude was found to bo 67' 29 "'6,

and the terrestrial di.stanoe between the parallels 55,023 toises ; whence
1° = 57,422 toises, exceeding Picard's degree by 362 toises. This

result (which however is now supposed to err considerably iu excess)

put an end to all doubts respecting the decrease of the meridional

degrees on going from the equator, and the consequent compression of

the earth at the poles. (Stinpertuis, ' La Figure de la Terre ddter-

minde par les Observations au Cercle Polaire,' 1738.)

Soon after the return of Maupertuis and his party from the polar



SIS OEODEST. OEODEST. M4

eirola, an important rorrcT wu uadotakan in Tmtoa Vj CtMin'

da Thury and Laoaille, (or toe porpoM o{ varifying the former meanira

of the meridian and laying the foundation of an aocunte map of the

kingdom. Six new biuaa were meamired, each twice ; that near Paris

fire timea. The ancle* were obeerred with a 2-feet quadrant, and

wars reduced to the norison and centre of the itatiun. The latitudte

were obaerved at the extremitiee and three intermediate atationa ; and

the length of the degree deduced from each of the four area. The
reaulta are not now important, as the same aro haa since been measured
with itiU greator preeisuin by Meohain and Delambre. In the coiu-ee

of the opwation the length of a degree of longitude was also deter-

mined. The tetreetoial are extended aoroas the mouth of the Rh6ne
from Cette in Languedoc to Mont St. Victoire in Provence ; and the

diflerence of longitude was found by exploding gunpowder in the open

air at an intermediate station, and noting the difference of the apparent

times at which the flash was seen at both extremities. (' La M(Sri-

dienne de rObaervatoire Royal de Paris V^rifi^, &c.,' 1744.)

In 1751 Boscovich and Lemaire began a survey of the P.ii»I States,

and in the course of the operation determined the meridional distance

between the parallels of Rome and Rimini The sides of the triangles

were computed from a base measured on the seashore near the latter

place, which consisted of two parte making an angle of 170° 52' 15'.

AnoUier base was measured on the Via Appia, near Rome. The
angles were obeerred with a qviadrant of 3 feet, and the Intitudes with

a sector of 9 feet. The result gave 1*=56,979 toises ; but it has been
shown to be affected with errors of considerable magnitude (Boscovich,
' Oe Litteraria Expeditione per Pontificam Ditionem ad dimentiendos

duos Meridiani Oradus, &c./ Romse, 1755 ; De Zach, ' Correspondance

Astmnomique,' vol. vi.)

Lacaille, in 1752, measured an arc of meridian at the Cape of Oood
Hope. The two extremities were connected by two large triangles,

whose common side was deduced by means of two small triangles from

a base of 6467°25 toises (7°8 miles), situated near the middle of the

arc The amplitude (1° 13' 17'°33) was determined with a zenith

sector of 6 feet, and the angles were measured with a 3-feet quadrant.

The final result gave 1°= 57,087 toises, or 864,728 English feet, which
is nearly equal to the degrees measured in France, 10° farther from
the equator. (Lacaille, ' Mdmoires de I'Acad. Royale des Sciences

'

for 1751 ; ' Fundamento Astronomia!,* 1769.) It will be seen that

Mr. Maolear has recently succeeded in satisfactorily accounting for

this apparent anomaly.
Beci^ria, between 1762 and 1764, measured an arc of the meridian

in Lombardy. The instrumente and methods used were similar to

tiiose of Boscovich. The amplitude was 1° 7' 47 "7, and the length of

the degree found equal to 67,468 toises. This result greatly exceeds

that which other measurers gave reason to expect ; and the cause has

been ascribed to the disturbance of the plumb-line of the sector by
the attraction of the mountain mosses ou which the arc abutted at

both extremities. (Beccaria, ' Gradus Taurinensis,' &c., 1774.) This

arc was re-measured by Plana and Carlini in 1822, who found the

amplitude to be 1° 7' 31"-07, and the degree equal to 57,625 toises, a

result still more at variance with other determinations.

Two surveys, executed by Liesganig in Austria and Hungary,
between 1762 and 1769, have been usually cited in the history of

geodetic measures, but are now known to be deserving of no credit.

The Austrian operation comprehended nearly three degrees of the

meridian of Vienna, from Brunn in Moravia, to Varasdin in Croatia

;

and since the beginning of the present century the triangles have been
re-measured in the course of a general trigonometrical survey of the

Austrian states. For some distance from Brunn, Liesganig's resulta

agree with the recent ones ; but in the last triangles (in consequence,

it is supposed, of mistaking a signal) the errors in the length of the

side* are from 1 066 to 25U9 toises ; while that in the length of

the meridional arc amounte to 4533 toises. Baron Zach, who examined
the manuacripta of Liesganig, affirms that both the astronomical and
geodetical obaervations were not only faulty and ill calculated, but de-

signedly altered to produce a better agreement. (Liesganig, ' Dimensio
graduum Meridianii Vienuensis et Hungiu-ici,' Vienna, 1770; De Zach,

'CorTeapondance Astronomiquo," vol. vU.)

The reaolution adopted by the French Convention in 1791 to

eatabliah a decimal syirtem of weighta and measures of which the unit

should be an aliquot part of the quadrant of the meridian, gave rise to

a remeasuremeut of the meridian of Paris from Dunkirk to Barcelona.

In the conduct of this survey, the most important in reference to the

figure of the earth that has yet been executed, the French astronomers

introduced ntimerous important improvementa both into the theory

sad practice of geodesy. The northern part, from Dunkirk to Rhodes,
k^luding about two-thirds of the whole, was assigned to Delambre,

•ad the southern, from Rbodez to Barcelona, to Mechain. Two bases

were measured near the extremities ; one at Melun, the other near

popignan, by a method which will be described farther on. All the

angles, geodetical and astronomical, were measured with repeating

dicles, and the obserrationa were examined and compared by special

eommiasioDers, who fixed the mean values to be used, and directed the

calculations. The azimuths and latitudes were determined at five

stations, Dunkirk, Paris, Evaux, Carcassonne, and Montjouy, so that

the whole was divided into four partial arcs, the lengths and ampli-

tudes of which are given in the table at the end of this article. Ko

doabt can be entertained of the ezoellenoa of the geodetical part of

this celebrated operation, but the latitudes have been considered liable

to some uncertainty, owing to the feeble power of the telescope and
other causes depending on the nature of the instrumenta with which
the observstions were made. [RcPKiLTiKO Circle.] In fact, when
Meohain had occasion to determme the latitude at Barcelona, which is

only about a mile distant from Montjouy, he found a discordance

between the resulta at these two places amounting to 3*, and all his

efforta to reconcile or explain the inoonsistoncy v/ere fruitless.

From the resulta of this operation, compared with the degree
messured in Peru, the, dimensions sad ellipticity of the earth were
deduced, and the «Ufn determined. The earth was assumed to be a
spheroid of revolution; the deduced ellipticity was 1-^384; and the

mttrt, or ten-millionth part of the quadrant of the meridian, at the
temperature of freening water, was fixed at 443,296 lines of the toise of

Peru, the normal temperature of the iron toise being 13° of Reaumur,
or 61° 16' of Fahr. (' Base du Syst&me M<<trique D(<cimale;' 8 vols.

4to., Paris, 1806, 1807, 1810.)

The prolongation of the meridian through Spain, which formed a
part of the original project, was interrupted by the death of Mechain,
but was subsequently effected (1807-1809) by Biot and Arago. By
means of a very large triangle, one side of which exceeded 100 miles,

they connected the island of Iviza with the coast of Valentia ; an<l

another triangle carried the arc to Formentera, a small island still

farther to the south. The amplitude was thus increased to upwards
of 12^ degrees. (Biot and Arago, ' Recueil d'Observations Odode-
siques,' &c., 1821.)

It is a circumstance deserving of notice, that notwithstanding the
parade of a commission and the extraordinary precautions taken to

ensure accuracy in the computations, a serious error was committed
with respect to this arc, which w.i8 only recently detected by Puissant.
It appears that, through inadvertence or the misapprehension of a
formula, the distance between the parallels of Montjouy and Mola (the

station on Formentera) was 'computed without applying the proper
correction for the convergence of meridians. The distance originally

given by the commissioners was 153605'77 toises ; but the distance
when the computation is correctly made is 15367361 toises (Bessel,

'Astronomische Nochrichten,' Ko. 438), the difference being 67'84 toises.

In consequence of this correction, and of the introduction of some
other arcs since measured into the data for determining the figure of

the earth, the length of the quadrant of the meridian oxpres-si-d in

terms of the legal milrt, according to the best determination which
can at present be made of the dimensions of the earth, is 10,000,85576
mitrti ; in other words, the legal m^tre would require to be lengthened
by about the •00,000,85fith part of itself in order to agree with the
ideal mitre, a ten-millionth part of the quadrant of the elliptic

meridian. This circumstance may serve to show the futility of any
proposal to restore a lost standarf from ite assigned relation to the
m.agnitude of the earth. The French mitre is in fact nothing more
than an arbitrary part of the toise of Peru, in terms of which the bases
were measured and the meridian computed.
The arc which was measured by Maupertuis and his associates in

Lapland in 1736, was remeasured by Svanberg in 1801-1803, and
extended in both directions so as to increase the amplitude about 40".

A new base was measured with iron bars which were compared with a
standard mitrt in Paris. The terrestrial angles, as well as the latitudes

and azimuths, were measured with^repeating circles, and the methods
of observing and computing the resulta the same generally as those of
Delambre. All the details of the operation appear to have been
executed with great skill and ability : but by reason of the inadequate-
ness of the instrument, the latitudes are not supposed to be very
certainly determined ; and there is some doubt with respect to the
temperature at which the measuring-rods were compared with the
standard mitre. The result gave 1°= 57,196 toises, which agrees much
better than that of Maupertuis with other determinations. (Svan-
berg, ' Exposition des Operations faites en Lapponie pour la Determina-
tion d'un Arc du Meridien,' &c., Stockholm, 1805.)

A trigonometrical survey of Holland was executed under the
direction of Oeneral Kniyenhoff, from 1801 to 1809, which may be
regarded as a continusition of the general survey of France. Ko base
was measured, but the distances were computed from a side of one of
Delambre's adjacent triangles. The angles were measured with
repeating circles, and Delambre's methods adopted throughout. As a
verification, some distances were deduced from two different series of
triangles, and the greatest discordances were found to amount only to
one mitre in 9123. (' Precis Historiquc des Operations Oeodesiques et

Astronomiques faites en HoUande pour servir de base h la Topographie
de cet dtat; Executeee par le Lieutenant-Oendral Krayenhoff,' &c.,

A U Haye, 1816.)

The first geodetic survey executed in England was imdertaken
with the immediate object of establishing a trigonometrical connection
between the observatories of Paris and Cireenwich, in order to determine
the difference of longitude. A raeninir on the xiibjeat, drawn up by
Cassini de Thury, was in 1783 presented by the French ambassador to
the king, who placed funds at the disposal of the Koyal Society for
providing the requisite apparatus. In order to accomplish the proposed
object, it was necessary to connect the observathry of Greenwich with
the French aro of meridixm, by carrying a series of triangles from
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Greenwich to Dunkirk. This was undertaken by General Roy, who
began his operations by measuring a base of 27,404 feet on Hounslow
Heath in the summer of 1784. For the measurement of the angles a

large and exquisitely divided theodolite, having a horizontal circle of

three feet in diameter, and carrying telescopes of 36 inches focal length

—an instrument far superior to any that had ever been employed in

geodetical observations—was constructed by Ramsden. In the summer
of 1787, the triangulation was begun by General Roy, a;3sisted by Mr.
Dalby, and before the end of the year it was carried to the eastern

coast of Kent, and connected with a series of triangles on the opposite

coast, which had been extended from Dunkirk to Calais and Boulogne,

by Cassini, Mecbain, and Legendre. Throughout the whole of this

survey the practical operations were conducted with a degree of

accuracy and precision, of which, till that time, there had been no
example. The methods of calculations were however less excellent

;

the sum of the three observed angles of each triangle was made equal
to 180° by an arbitrary correction, and the sides computed by plane

trigonometry. By reason of the small extent of country surveyed, the
neglect of the earth's curvature did not lead to any serious error, but
such a method of proceeding would be inadmissible at the present day.

A base of verification of 28,535 feet was measured on Romney Marrfi

with a steel chain, and the difference between the measured length
and the length computed from the Hounslow Heath base through the
series of triangles was found to be only about 28 inches. So near an
agreement might aft'ord a satisfactory proof of the general accuracy of

the work, but this has since been submitted to a more decisive test.

In 1821 and some of the following years, the angles were remeasured
by Colonel Colby and Captain Kater, with the same excellent instru-

ment, and the triangles calculated with reference to th« sphericity of

the earth. On comparing the results with those of General Roy, the
greatest difference was found to be in the distance between the signals

at Dover and Calais, and this amounted only to 124 f^^^> tte whole
distance being 137,472 feet. (Roy, 'PhiL Trans." 1790; 'Trigono-
metrical Survey of England and Wales,' vol. 1 ; Kater, ' Phil. Trans.,'

1828.)

The operations for establishing a geodetic connection between the
observatories of Greenwich and Paris had the effect of suggesting the
expediency of a general survey of the British isles. This great national

tmdertaking was commenced in the year 1791. The operations were
conducted by Colonel Williams, and Captain (afterwards General)
Mudge, of the Royal Engineers, and Mr. Dalby, who had previously
assisted General Roy. Their first step was to remeasure the base on
Hounslow Heath. This was effected by means of two steel chains,

each 100 feet long, which bad been carefully constructed for the
purpose by Ramsden. The length of the l»8e was found to be
27404'24 feet, a result differing only 24 inches from that obtained by
General Roy. [Rov, MAJOB-GEseBAi,, in Bioo. Div.] The terrestrial

angles of the survey were measured with two l.irge theodolites by
Ramsden, each 3 feet in diameter ; and a smaller theodolite, by the
same artist, of 18 inches diameter. In 1801, it reached Clifton in

Yorkshire. The length of the arc of the meridian extending from
Dunnoee in the Isle of Wight to this station was determined in the
following year by General Hudge. In 1806 the arc was prolonged to

Burleigh Moor, about a degree to the north of Clifton. At the same
time the triangulation had extended considerably over other parts of
England. In the course of these operations three bases of verification

wore measured; one on Salisbury Plain (1794), by Lieutenant-Colonel
Williama and General Mudge [Mcdoe, General, in Bioo. Div.] ; one
onMisterton Carr, near Clifton (1801), by General Mudge ; and one on
Rhuddlan Marsh, in Wales (1806), by the. same officer. These various
bases were measured with the same steel chains which were employed
in the measurement of the base on Hounslow HeatlL The astronomical
latitudes of six stations on the arc of the meridian extending from
Dunnose to Burleigh Moor, namely, Dunnose, Greenwich, Clifton
Beacon, Arbury Hill, Delamere, and Burleigh Moor, were determined

.
with a zenith sector of 8 feet radius, constructed by Rimsden. The
operations of the survey down to 1811 are recorde<l in a work, the
concluding volume of which was published in the year just mentioned.
(' An Account of the Operations carrie«l on for accompli.shing a Trigo-
nometrical Survey of England and Wales, 4c. ; by order of the Honour-
able Board of Ordnance,' by Captain Mudge, R.A., Mr. Dalby, and
Captain Colby, R.E. ; 3 vols., 1799-1811.)
The triangulation continued without interruption to be extended

towards the north. In 1817, a new base of verification was measured
on Belhelvie Links, near Aberdeen, by MajorGeneral Colby, with the
assistance of Mr. Gardner. The same instruments of measurement
were employed on this as on previous occasions of a similar kind. In
1820, upon the death of General Mudge, General (then Captain) Colby
was appointed Superintendent of the Ordnance Survey. In 1824, the
operations for the survey of Ireland were commenced. A base was
shortly afterwards (1827-8) measured on the shores of Lough Foyle, in
the county of Londonderry. (' An Account of the Measurement of the
Lough Foyle Base, in Ireland, &c.,' by Captain William YoUand, RE.,
1847.) The apparatus of measurement differe<l on this occasion from
that employed in ascertaining the lengths of the previous bases, con-
sisting of a combination of bars of different metals, so adjusted as, by
their unequal expansion, to obviate the varying effects of temperature.
A description of this apparatus, which was devised by Colby, will be

given presently. The triangulation was rapidly extended over Ireland.

The instruments were the same as those which had been used in the

survey of England, with the addition of a 2-foot theodolite constructed

by Troughton & Simms. The triangulation was connected at several

points with the triangles observed in England, Wales, and Scotland.

The astronomical latitudes continued to be determined with Ramsden's
zenith sector until 1841, when it unfortunately was destroyed in the

course of the conflagration which burned a considerable portion of the

Tower of London in that year. An account of the operations wv'th

this fine instrument was published in the following year. (' Astrono-

mical Observations with Ramsden's Zenith Sector,' 1842.) The sub-

sequent determinations of latitude were effected with a new zenith

sector, devised by Mr. Airy, the astronomer-royal, with the view of

obviating certain inconveniences which attended the ubc of Ramsden's
instrument. Three important principles of a novel character were
iuvolved in the construction of Airy's zenith sector. " The first

principle was the arrangement for making successive observations in

two positions of the instrument, face east and face west, at the Siime

transit. The second was the substitution of a level, or system of levels,

for the usual plumb-line. The third principle was the casting in one

piece, as far as practicable, of each of the different pai-ts of the instru-

ment, in order to avoid the great number of screws and fastenings

with which most instruments are hampered, and to secure, if possible,

perfect rigidity." An account of the observations with this sector was
published in 1 852. (' Astronomical Observations with Airy's Zenith

Sector, from 1842 to 1850,' by Captain William YoUand, R.E.)

At the stations of Balta in Shetland, Cowhythe in Aberdeenshire,

and Dunnose in the Isle of Wight, the latitudes were determined first

with Ramsden's and subsequently with Airy's zenith sector. A com-
parison of the results affords satisfactory evidence of the degree of

precision attained in such observations. Thus we have

—

Station. Airy. Kamsden. Difference

Dunnose . . . 50'37'6' •98 50'37'7"-09 ^'•ll

Balta . , . 60 45 1 r>8 GO 45 2 -31 -63

Cowhythe • 57 419 •58 57 419 -74 16

In 1849 the base on Salisbury Plain was re-measured with Colby's

compensation bars. The result, in combination with the Lotigh Foyle
base, has formed the groundwork of all the subsequent computations
connected with the trijingulation, the other bases having been used
merely for purposes of verification.

Upon the retirement of General Colby in 1847, Colonel Hall was
appointed Superintendent of the Ordnance Sur\-ey. In 1858 a work
was published by Colonel James, who has recently succeeded Colonel

Hall as superintendent of the sm-vey, containing a complete account of

the observations and calculations relative to the triangulation of the

British Isles, with an investigation of the figure, dimensions, and
mean density of the earth, as deducible from the results in combination
with the data of the same kind which had hitherto been established.

(' Ordnance Trigonometrical Survey of Great Britain and Ireland
;

'

' Accovmt of the Observations and Calcidations of the Princiixil Trian-

gulation, and of the Figure, Dimensions, and Mean Specific Gravity of

the Earth, as derived therefrom,' drawn up by Captain Alexander Rosa
Clarke, R.E., Ac., under the direction of Lieut.-Colonel H. James, R.E.,

&c.. Superintendent of the Ordnance Survey, 4to, London, 1858.) The
triangulation embraces an arc of the meridian extending from Dunnose
in the Isle of Wight to Saxavord, the most northerly of the Shetland
Isles, The former of these stations is situate in lat. 50° 37' 3 "'748;

the latter in lat. 60° 49' 41 "992. The amplitude of the arc is, conse-

quently, 10' 12' 38''-244.

It has been stated that the terrsstrial distances were computed from
the base lines measured on Salisbury Plain (1849), and on the shore

of Lough Foyle, in Ireland. The difference between the measured
length of each of these bases and the length computed from the other
base was found to amount to 0^4178 feet, or about 5 inches. From
this result a mean base has been derived by the theory of probabilities,

and this mean base has been used as the immediate groundwork of all

the subsequent calculation.^. The following table exhibits a comparison
between the lengths of the bases as measured and reduced to a common
standard, and their lengths as determined by the triangulation :

—

I-cnifth in terms
of Ordnance Length in

Date. Base, Standard Oj* Triangulation Difference

Feet. Feet. Feet.

1791 nounalow Heath . 2740fl^l90 27400-303 -1- 0-173

1794 Salisbury Plain . 36376-830 36J77-656 -f 0-826

1301 Misterton Carr . . 26344-060 20343-869 — 0-191

1806 Rhuddlan Marsh . 24510000 24517-596 + 1-598

1817 Belhelvie . 26517-530 20517-770 -1- 0-240

1827 Lou^h Foyle . 41640-887 41641-1C3 + 0-216

1849 Salisbury Plain . 36577-858 36577-656 — 0-203

Many of the sides of the triangles are of great length, especially those
which conneot the triangulation of Ireland with the stations on the
opposite coasts of England, Wales, and Scotland. The following is a
statement of the sides which exceed 90 miles ; the names given are

• This w.-is one of two 10 feet bars with which the compensation bars

employed in the measurement of the base-lines was compared.
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tkoM of the itetiaiw »t th« •rtramitlM of Moh nda. Th« lattsn

utptii'led to «Mh atation scrre to indioata whether the atation i«

ttaeta in En^aod (E.), WkIm (W.), ScotUnd (S.), IreUod (I.), or Iile

oni«i(I.lf.>:-
8UU. JMfth In MUcs.

l>UcTe DouTd, I.- See Fell, E
Bllm Doaurd, I.—.Snowdon, MT,

rrMellr, W.—KIppor*, 1.

Ucrrkk, 8.—Brn More, Mull, 8.

Mlerc Doniril, I.—Crifllrl, !>. .

Jura, 8.— B«a Man, X. I'iit, 8. .

South Briulr, I- M.—Goat l-rll, S. .

SUere Dooitnl, I.—Oott Fell, 8. .

SBOwdon, W.—Infleboraugh, K.

Snowdoa, Mr.— Sea F»ll, E.

CuHcafth, I. —Kftprr, I.

Keeper, I.—Scphln, I. . . ,

Mrrriek, 8.—Ben Lavera, 8. .

Pneellx, W.—Mount Ltinitrr, I.

Snowdon, W.—BaUyereen, I. .

Kippure, I.—Routh Berule, I.V.

Kippnra, I.—GuUymore, I.

Baortreirauin, 1.— Knockanaflyio, T.

Kaocklayd, I.—Ben Lomond, S. .

Preoelly, \V.—Ballj-creen, I. .

Kippure, I.—Snowdon, W. , ,

Culleagh, I.—Kippure, I.

PrwellT, W.—High Wilhayn, E.
Snowdon, W.—Tara, 1. .

Ben Maedul, 8.—Bayra Law, 8. ,

Bea More, 8. Uiat, 8.—Brn Nevif, 8.

South Berule, I. M Ingletxirough, £.
Snowdon, W.—PcniUchill, E. .

Ben Corr, I.—Brandon, I. .
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The length of the entire arc of the meridian included between
DunnoM and Saxavord was found to bo 3,723,33407 feet. The
distances between the parallels of Dunnose, Arbury, Clifton, Ka«ing-

ton, and SaxiTord were separately computed. The following are the

results :

—

Feet.

SannoM to Arbory' 586,360-36

Arhury to aifton 45",225-16

Clifton to Easington 404,325-22

Easingtoa to Saxarord 2,288,427-33

8,729,334-07

The distance between the parallels of Easington and Saxavord, which
lie very nearly upon the same meridian, was computed by two different

systems of triangles. The results were :
—

2,238,427'29 feet, by the one system of triangles.

2,288,427-88 feet, by the other „

Mean 2,288,427-33.

By the first calculation, the distaooe of Saxavord from the aastuned

meridian at Easington was 222'56 feet ; by the second calculation it

was 221-94 feet. The difference of the two results amounts to only
0-62 feet

The operations connected with the great Trigonometrical Survey of

India have resulted in the measurement of an arc of the meridian which
in extent is second only to the Kusso-Scandinavian Arc, to be presently

alluded to. This important undertaking was commenced in the year

1801, under the superintendence of Colonel Lambton. A base was
measured in the neighbourhood of Madras, which served as the ground-
work for the measurement of an aro of the meridian of about a degree

and a hall in amplitude. By a course of trUngulation, Colonel Lambton
ubwquently advanced westward to a place railed Dodaguontah, about
170 miles distant from Madras, where he measured a second base. He
now directed his operations southwards, forming a chain of triangles

which ultimately reached Punnn (Lat. 8' 9' 8S") near Cape Comorin.
Bsnea of verification were measured both at the middle of the arc and
at the southern extremity. The arc was subsequently prolonged
northtvardn by Colonel Lambton as far as Damai-gida, in lat. 18° 3' 15\
Near this station, at Beder, another base of verification was measured
in the year 1815.

The amplitude of the Indian arc, extending from Punnio to

Damargida, it will be teen, now amounted to 9° S3' 40*. With the
view of prolonging it still further north, Colonel Lambton measured a
base near Takal Khera, which he intended to be the limit of the next
section of the arc. Upon the death of that officer in 1823, Colonel
(then Captain) Everest was appointe<l his succestor, by whom the
triangiilation was coDtinue<l from Damargida to Kalianpur, in lat. 24*
7' 11'8' near which, in the plain of Seronj, another base of verification

was measured.
Tha base lines detcrminsd by Colonel Lambton and Colonel Everest

in Um oouna of the operations to which allusion has juvt bcun made,
ware neaaured with a steel chain a hundred fc-et long, as in the case of

the earlier measurements of a similar kind connected with the survey
of tha British Isles. Tha terrestrial angle* were measured with a
theodolite, 8 feet in diametar, oonstruoted by Cary, and the latitudes

w«r« aaeertained with a senith^eetor 'of 5 feet radius, by Ramsden.
It would ^pear, according to the candid exposition of Colonel Everest,

that the results of Colonel Lambton's operations, and of these hitherto

eonduoted by himself, are not entitled to ao high a degree of relianoe

aa the praaent advanced state of gvodesy demand*. The azimuthal
circle of the great theodolite had received an aecidenlal blow, and
although Colonel Lambton had, to a great extent, succeeded in
obviating the effects of the injury, still the subsequent use of the
instrument, even with the utmost precaution, could not be regarded as

altogether unexceptionable. Again, it was found that previoun to the
measurement of the base at Takal Khera, the joints of tlie chain were
found to be thickly covered with rust, the removal of which could
scarcely have failed to affect the length of the chain. In the measure-
ment of the base, the chain was not supported on coffers, or stretched
by a constant weight. The process employed was to lay it on the
ground and stretch it by means of a hand^apstan, The length of the
Beder base when computed through the series of triangles from the
base at Talcalkhera was found to differ from its mea«ured length
by 78-72 inches. It was clear therefore that the results did not possess

all the precision desirable in such important operations. Great allow-

ance must, however, be made for the difliculties arising from the
climate and other unfavourable circumstances. (Lambton, 'Atiaiir

Researches,' vols, viii., x., xii., xiii. ; "Phil Trans,' 1818; Evtit-^t,
' Account of the Measurement of an Arc of the Meridian between the
Parallels of 18° 8', and 24° 7', &c.', 1830.)

Colonel Everest, who had been compelled by ill-health to proceed to
England, returned to India in 183(1, with the view of resuming hiK

ge<)detical labours. For this jiurpose the East India Company had
provided him with an ample supply of instruments of the very first

quality. He commenced bis opertitions with the measurement of a
base at Dhera Dun, near Kaliana, in lat. 29° 30' 48', about 70 miles
from the foot of the Himalayas. On this occasion the meanirement
was effected with bars provided with Colby's compensation apparatiis.

From Kaliana the triangulation was extended southwards until at
length in 1837 it re,iched Kalianpur, the northern extremity of the
great arc. Upon computing the length of the Seronj ba-ie, which had
been measured in 1824, from the recently meamireil baie at Dhera
Dun, it was found that the measured and computed results differed to

the extent of SJ feet. In consequence of this discordance. Colonel
Everest meastired the Seronj base anew. This important operation
was brought to a close in the early part of 1 838. It appeared from the
result that an error of nearly 3 feet had been committed in the
measurement of 1824.

In order to remove all suspicion from the measurement of the arc
included between Damargida and Kalianpur, Colonel Everest, taking
advantage of an interruption of his labours, occasioned by the neces-
sity of modifying the instruments for determining the celestial

amplitudes, resolved to determine afresh the whole terrestrial distance

between those two stations. The triangulation was effected by Captain
Waugh and Coptain Renny. In 1 840 a new base was measured by
Captain Waugh in the vicinity of Damargida. It was found impos-
sible to identify the site of the old Beder base measured by Colonel
Lambton in I8l5. Tke results of the new base measurements were
found to be extremely satisfactory. The length of tho Dhera Dun
base, when computed from the Seronj base, was 89183-278 ftet. The
measured length was 39183-878 feet. The difference couseqiientiy

amounted to only 0-600 feet, or rather more than 7 inches, while the
distance between the two bases was about 430 miles. The result of a
comparison of the measured length of the Beder base and its length as

computed from the Seronj base was equally satisfactory. In this

cose, although the dixtance between the two bases amounted to 426
miles, tho difference between the measured and computed results was
only a little more than 4 inches.

For ascertaining tke amplitudes of the two Bsctional arcs. Kalians-

Kalianpur, and Kiilianpur-Damargida, Colonel Everest employed the
method founded on simultaneous observationx, at the extremities of

each arc, of the zenith flistances of certain stars selected beforehand

for the purpose. The oWrvations wore made with two vertical circles,

8 feet in diameter. The amplitude of the northern section was deter-

mined by observations of thirty-six stars, one half to the north and
the other half to tho south of the r.enith8 of both stations. Tho obser-

vations at Kaliana, which were made by Colonel Everest and Captain

Kenny, were nearly, but not quite, simultaneous with those mad* at

Kalianpur by Captain Waugh. For the determination of the ampli-

tude of the southern section of the arc, extending from Kalianpur to

Damargida, thirty-two stars were simultaneously observed. Tho
results gave 6" 23' 37'-061 for the .amplitude of the arc between Kaliana

and Kalianpur, and 6° 3' 65 "-'.'"S for the amplitude of the arc between

Kalianpur and Damargida. The amplitude of the entire arc measured
by Colonel Everest consequently amounts to 11* 27' 3S"-(i24. If to

this we add 9* 63' 40", tho amplitude of the arc measured by Colonel

Lambton, we obtain 21° 21' 13'--024 for the entire length of the great

meridional arc of India. ('Account of the Measurement of Two
Sections of the Meridional Arc of India, Bounded hy the Parallels of

18" 8' 15"; 24° 7' 11'; and 29' 30' 48".' By Lieutenant-Colonel

Everest. London, 1847.)

The great meri'lion.al arc of Russia originated in the operations

connected with tho trigonometrical survey of the Russian empire.
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In 1819, M. Struve, who was then director of the observatory of

Dorpat, while engaged in the survey of Livonia, suggested to the

university of Dorpat the desirableness of measuring the arc of the

meridian included between the island of Hogland in the Gulf of

Finland, and the town of Jacobstadt in the province of Courland.

The sanction of the emperor having been obtained for the project,

the operations were commenced, and were finally completed in the

year 1827. The terrestrial angles were measured with Reichen-

baeh's Vnivrrsal Inslramtiit. The latitudes of the stations were

determined by observations with a transit adjusted in the prime
Tertical. The arc measured 3" 35' 5", and passed very nearly through

the meridian of the observatory at Dorpat. In the same year in which
M. Struve brought to a close the operations connected with this arc,

General Tenner also completed the measvu-ement of the arc of the

meridian included between Bristen in Courland, and Belin iu the

province of Grodno. The amplitude of this arc was found to bo
4° 32'. As Belin, the northern station of this arc, was distant only
4' 47" from Jacobstadt, the southern station of the Livoniau arc, it

became desirable to connect trigonometrically the two arcs together.

This was effected in 1827-8, by M. Struve and General Tenner, inde-

pendently of each other, and the results upon being transmitted sepa-

rately in sealed letters to Bessel, were foimd to ejthibit a most satis-

tactory accordance. The amplitude of the entire arc thus measured
between Hogland and Belin amounted to 8" 2" 28''. (Struve,
' Beschriebung der Breitengrad messung in den Ostseeprovinzen Kuss-

lands,' 4c. Dorpat, 1831.)

In 1845, the Kussian arc was extended northwards as far as Tomea,
the southern extremity of the Lapland arc. It thereby received an

accession of length amounting to 5" 26'. M. Struve had for his prin-

cipal coadjutor on this occasion, M. Wolstedt, who was subsequently

appointed director of the Observatory of Helsingfors. While the arc

was being prolonged towards the north, G.;neral Tenner was engaged

in extending it southwards, until it reachi'd the northern frontier of

the province of Bessarabia. By this operation its length received a

further increase of 3° 17' 47". The entire arc now extended from
Tomea in lat. 65° 50' 34" to Souprounkontsi in lat. 48' 45' 1". It

consequently possessed an amplitude of 17" 5' 33". In 1849 it was
extended southwards through the entire province of Bessarabia to

Ismail on the Danube. The amplitude of the entire arc now amounted
to 20-31'.

Under the auspices of the Swedish government the Russian arc of

the meridian has been extended to the Arctic Ocean. The Norwegian
portion of the arc was executed by M. Uansteen, of Christiania, and
the Swedish portion by M. Selander, Director of the Observatory of

Stockholm. The Swedish arc extends from Tomea iu lat. 65° 51', to

Atjick in lat. 68° 54'. Its amplitude therefore amounts to 3° 3'. The
Norwegian arc extends from Atjick to Fuglenaes, in Ut. 70° 40', and
ooDsequently embraces an amplitude of 1° 46'. The two arcs together

measure 4° 4U'.

The Russo-Scandinavian arc of the meridian now extends from
Ismail on the Danube, Ut. 45^ 20* 20'8", to Fuglenaes on the Arctic

Ocean, lat 70° 40' ll"-3. lU amplitude amount* to 25' 20" 8"5 ; and
it is consequently the largest arc of the meridian which has been
hitherto measured on the earth's siu^ace. (Struve, ' Kxpos(! historique

des traraux executes jusqu'a la fin de I'annde 1851, pour la mesure
ds I'aro du Heridien entre Fuglenaes, 70° 40', et Ismail, 45° 20', &c. ;

'

St. Petersbourg, 1852.)

Two arcs of meridian have been measured in Hanover and Denmark,
which, though of comparatively small e.\tent, are very valuable by
reason of the skilful manner in which the operations were conducted,
and the great probable accuracy of the results. The first was obtained

by connecting the two observatories of Gottingen and Altona, which
are situated nearly in the same meridian, by means of a chain of

triangles proceeding from a base which was measured by Gauss in

1820. From the same base another chain of triangles was carried

throngh Denmark, by means of which the geodetical distance between
the parallels of Lauenburg (in Hanover) and Lysabbel <in the island of

Alsen) was computed. 'The celestial arc was determined by Schu-
macher witli Bradley's zenith sector, sent from the observatory at
Greenwich for the purpose. (Gauss, ' Bestimmung des Breitensunter-
schiedes zwischen den Stemwarten von Gottingen und Altona, 4c.';

Bessel, ' Astron. Nachrichten,' No. 833.)
An are, of which the amplitude is 1° 30' 28", was also measured

in Prussia, by Bessel, between 1831 and 1838. The immediate object
of this undertaking was to connect the Russian triangulatiou with a
chain of triangles which had been uieisorcd in the western p.art of
Prussia, extending through Hesse, Thuringia, and Brandenburg, to
SUe4!s, and omnecting the Dutch (and thereby also the French and
English) triangles with those of Bavaria and Austria. In this operation
BMsel included the measure of an arc of the meridian of Kbnigsberg.
A base of 935 toises was measured with great precision. The angles
were obserTe<l with a theoflolite of 15 inches diameter, and the latitudes
at the two extremities (Truntz and Memel) determined, as in Struve's
method, with a transit-instrument adjusted in the prime vertical.

The details are given by Bessel in a work which should be in the
bands of every one concerned with geodetical operations of the highest
order. (Bessel, ' Gradmessung in Ost-Preussen und ihre Verbindung
Bit Preiuisischen und Bussiscben Dreieckskettcn, Berlin/ 1838.)

The anomalous nature of the result deduced by Lacaille, from his

measurement of an arc of the meridian at the Cape of Good Hope,
has been already alluded to. It is gratifying to leam that Mr.
Maclear, by remeasuring and extending Lacaille's arc, has succeeded
in completely removing the ditficulty arising from this cause, and has
obtained results which exhibit a moat satisfactory accordance with the

theory of gravitation. It is understood that the details of Mr. Maclear's

labours will shortly be published. The amplitude of the arc measured
by him amounts to 4" 11' 45' '538. The following table exhibits a

comparison between the observed latitudes at the various stations of

the arc, and the corresponding latitudes calculated from Airy's elements
of the earth's figure.

Station. Obserwd Lat. Cal. Lat. I)iff.

North End of arc 29-i*'ir"-68 29"4417"-35 + 0' •31

Kamies .Sector Berg , 30 21 29 -10 SO 21 20 -73 + s •37

lIcerenlogcmcntB Berg 31 58 9 -U 31 5S 9 -64 — •53

Boyal Observatory 33 5G 3 -20 33 iG 3 -20 .

Zwart Ko|> . . . 34 13 33 -13 34 13 33 -80 — 1 •67

C«pe Point 34 21 6 -26 34 21 6 -80 — •54

Mr. Maclear remarks that the disturbing efifect produced by the

attraction of the immense Bushman Table Land, the mean elevation of

which above the level of the sea exceeds 3000 feet, is sufficient to

aceount for the deflection observed at Kamies Berg.

We shall conclude this historical sketch of geodetical operations

with a brief statement of the results deduced by Mr. Airy from the

measurement of the arc of longitude comprised between the Royal

Obserratory, Greenwich, and Feaghmain, a station of the Ordnance
Survey, situate in the island of Valentia, on the west coa.st of Ireland.

The plan proposed by Mr. Airy, was to ascertain the difference of lon-

gitude of the two stations by the triangulations of the Ordnance
Survey, assuming the elements of the earth's figure as previously

determined by hira, and to compare the result with the difference of

longitude derived from the transportation of chronometers. The
operations connected with this object were carried into effect in the

year 1844. The ifollowing are the final results, the intermediate stations

of Liverpool and Kingston (Dublin), through which the chronometers

passed, being also included in the investigation.

m. s.

Grodctic are of longitude ttom Greenwich to Liverpool . 12 0^39

Chrooometric arc 12 O^OJ

Cbronomctric arc smaller •

Geodetic jrc from Greenwich to Kingston'

Chronometric arc ....
0^30

. 24 3^48
. 24 31-20

Chronometric src HmallcT

Geodetic are from Greenwich to Fcaghmiiin . . . 41 23^07

Chronometric arc 41 23^23

ditonometric arc larger 0^16

Geodetic arc from Liverpool to Kingston
Chronometric are .... . 12 3113

. 12 3115

Cbronometrle arc larger

Geodetic arc from Kingston to Feuglimain , . . . l(i 51^59

Clironometric arc 10 5203

Chronometric arc larger 0^44

By means of the different surveys to which we have now alluded

the greater part of Europe has been covered with chauis of triangles,

whereby not only the geographical positions of all the principal places

and remarkable objects have been determined by actual measurement,
but all the measured arcs of meridian and par.illel, and all the prin-

cipal observatories have been trigonometrically connected with each

other. The comparison of the astronomical and geodetical positions of

so many connected points is, perhaps, even better calculated to lead to

an accurate knowledge of the local configuration of this quarter of the

globe than the measurement of isolated degrees.

We proceed now to give a general view of the methods of con-

ducting a trigonometrical survey, and computing the results of the

observations.

Meaturement of the Hate.—The foundation of cver^ trigonometrical

survey is the measurement of a ground-line, or base, in terms of which
all the distances are to be computed. This is an operation which is

attended with considerable difficulty, and requires to be executed with
the most minute precision ; for any error with which the result may
be affected is multiplied in tlie sides of the triangles in the ratio of

their length to the length of the base ; and all other distances con-

cluded from the survey are affected in the same proportion. An error

in the base amounting only to an inch in the mile would vitiate the

determination of the earth's diameter to the extent of 1 1 yards.

The general method of proceeding may be thus described :—A pieco

of ground muat be selected aa free from obstructions and as nearly

level as possible. The terminal points must be defined by permanent
marks ; for example, by a fine dot, or the intersection of two straight
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UiMs, on » pUte of meUl, McurelT fixed in tha ground. In order to

tnoe the line o( the base, • tranut-inatrument ia adjuated over one of

the tenninal pointa, and directed to a flag-ataff or other aignal erected

•t the other, by whioh meana the obaerver ia enabled to direct an
aaaiatant to plant pickata in the ground, all ranging in the aame vertical

plane. The meaauiing apparatua may be conatructed and applied in

Tarioua waya, but in all oaaea tha following conditiona muat be ob-

aerved :—1, Th« aucceaaiTe meaauring-roda (or chaina) muat be arranged
accurately in the vertical plane paaaiug through the terminal points ot
the baaa ; 2, the temperature of the roda muat be obaerved at the time
thoy are a)>)>Iie(l, .iml their rate of expansion determined by direct

experiment, in order that the apparent length* may be reduced to the

length at a given temperature ; 3, they must be supported in such a
manner aa to have no tendency to flexure; and 4, each rod, when
adjusted in the line of the base, must be exactly horizontal, or its

inclination exactly determined by levels, in order that the correspond-

ing horizontal distance may be computed.
Previously to General Roy's measure of the base on Hounslow Heath

the measuring apparatus used in all similar operations (with the excep-
tion of one of the basea measured by LacaiUe and Casaini in France)
consisted of deal roda, usually about 20 feet in length ; but deal rods,

however well seasoned, are found to be considerably affected by the
hygrometiical state of the air, and liable to sudden and irregular

exponaiona and contnuitions, the effects of which cannot be accurately

estimated, even when they are compared from time to time with a
standard metallic bar. For this reason General Roy, after he hod
measured the base with deal rods, measured it a second time with
hollow glass tubes. The tubes were 20 feet in length and about au
inch in diameter, and the extremities were defined by metal buttons,

ground perfectly flat, and perpendicular to the axis of the tube. At
one end this apparatus woii flxed to the tube ; at the other it was
attached to a sort of piston, or slider, capable of being pushed u|> a
certain way within the tube against a slender spring. A fine line

marked on the slider, and another on the gla.s8 tube, were so adjusted,

that when the slider was pushed up until the lines come into coinci-

dence (which was observed through the glass), the distance between
the flat ends of the metal buttons was exactly 20 feet at the temi)ern-
ture of 62° Fohr. In making the contacts, the flat end of one rod was
pressed by a screw apparatus against the moveable end of the other,

until the coincidence of the lines took place ; so that a constant pres-

sure waa applied equal to the tension of the spring. When the Ord-
nance survey was begun, this base was again measured with a steel

chain, made by Ramsden, of 100 feet in length, and consisting of 40
links, terminated by a brass handle at each end. When in use the
chain was supported on wooden coffers, raised on trestles, and stretched
with a weight of fifty-six pounds. The extremities were defined by
marks on the brass handles; and in order to bring the marks succes-
aively to the same point on the base-line the following contrivance was
adopted : a brass scale, firmly secured to a post driven into the ground,
but not connected with the chain or its supports, was placed contigtious

to the preceding end. A, and adjusted by means of a screw apparatus,
BO that a division on the scale coincided exactly with the mark on the
handle. The chain was then carried forward one length ; and when
again placed on the coffers, was drawn back agaiuet the stretching-

weight, until the mark on the handle at the following end, B, coincided
with a division of the scale which had remained fixed in its place. In
this manner the marks on a and B either occupied the same point on
the line of the base, or the distance between them was known in terms
of the scale. The same method was followed in measuring several

other bases in England in the course of the survey, the chain being
compared before and after each operation with another similar chain
whidi was kept for this purpose. The advantage of the chain de])end8
solely on its great length, by reason of which the number of coinci-

dences (in making which the chief difficulty consists) is considerably
reduced ; but this advantage ia probably more than counterbalanced
by its liability to alteration from wearing or corroding at the joints,

and the insufficient security afforded that, notwithstanding the stretch-

ing, all its points are in the some straight Une. The use of the chain
baa been confined to the English and Indian sun'eys, and ia now
abandoned in both.

The amoratua used b^ Delambre and Mdchain in measuring the two
basea in France, on which the length of the mcriiliaii depends, was
constructed as followa :—The measuring-rod was u thin bar of platinum,
two toiaes in length, half an inch in breadth, and two lines in thickness.
This was covered by another bar of copper, somewhat shorter, the two
being firmly connected by screws at one end, but free at every other
point, so tliat the expansions and contractions of each were not
albcted by the other. The relative expansions were thus imiicatcd
by the_ distance between the free extremities of the two tiars ; for

measuring which a finely divided scale was cut on a part of the pl.iti-

num bar, and a vernier attached to the extremity of the copjier har.

The relative expansion gave the means of computing the absolute ex-
pansion of the platinum bar at the time of the measurement. Four of
these compound bars were used together ; and when all were adjusted
in the line of the base, and the requisite obosrvations made and re-

eordsd, the last wis carried forward and placed flt«t, the others being
left in thsir pUoes. The ends were not brought into contact; a smi^
interval waslsft between each and the next, which wu ineasurtd fagr a

slider, or small scsle of |datinum, attached to that end of the pUtirnim-

bar which was not covered by the copper bar. For the measure of the

Hanoverian base Gauss employed three bora of hammered iron, two
toisoB in length, and about an inch and a half in breadth and thickness,

enclosed in boxes so as to leave only the ends projecting, and supported

by counterpoises to prevent flexure. The ends were covered with steel

plates, one flat ami the other spherical ; and when the bars were

placed in the line of the base, a small interval was left between the

flat end of one bar and the spherical end of the preoeding one, which
was measured by dropping into it a thin wedge. Struve uso employed
iron bora in measuring tne Russia bsse. In this case, however, the

ends of the bars were brought into contact, and the contacts mode
on a principle similar to that which had been adopted by General Roy
in using the glass rods. But the apparatua which formed the move-

able extremity of Struve's nxl consisted of a bent lever which turned

on an axis passing through the bar, near its extremity, the motion of

the short arm of the lever being in the direction of the length of the

lar. The short arm terminated in a hemisphere which projected a

little beyond the end of the bar ; and in making the contacts, the flat

and fixed end of the next bar was pressed against the hemisphere,

until an index on the extremity of the long arm of the lever stood at

the nmldle of a scale connected with the bar, in which positionthe

distance between the plane in which the bar terminated at one end,

and the apex of the hemisphere at the other end, was exactly two toises

at the normal temperature. A steel spring acting on the long arm
of the lever regulated the degree of pressure applied in making the

contacts.

In measuring the Prussia base Beosel used four compound bars con-

structed on the same principle as those of Delambre. The apparatus,

which is simple and ingenious, will be readily understood from the

annexed figure, in whioh the two ends are shown. -'
-' '" - '^' "' '""1 1' is a bar of iron

Fig. 1. ^- '"-

J^ *'l

two toises in length, an inch braid, and a qiuirter of an inch thick

zz' ia a bar of zinc of the same thickness and half the brca<lth. The
two bars are firmly connected by screws and soldering at the end z i.

The zinc bar z / terminates in two knife-edges of steel, the edges being

horizontal, k t' is a jKirt of the iron liar, terminating in knife-edges,

which are placed vertically, or at right .ingles to the former. The
length of the measuring bar, or two toi-ses at the normal temi>erature,

is defined by the knife-edges at r and jf ; while the interval between

z" and k y&riea with the temperature, and indicates the relative expan-

sion, from which the absolute ex|)an8ion of the iron bor becomes known.

This interval was measured by inserting a thin gloss wedge between

the knife-edges ; and when the bars were placed in the line of the base,

the interval between tlie knife-edge A-' of one bar and z of the adjacent

one was measured in the same manner. By means of fine diWaions

on the jjarallel sides of the glass wedges an interval in the direc-

tion of the base so small as the 12,000th part of au inch was made
visible.

For the measurement of the Irish beae an apparatus was employed

by Colonel Colby in which the expansion of Uie measuring-rods was

comi>ensated in such a manner that no reduction was required on

account of variations of temperature. The principle of this very in-

genious apparatus will be understood from the following description :

—

A B is a brass bar, 10 feet in length, c D a bar of iron, lirmly connected

A E E

*.

r;
C D

'

P
Fig !. Q

with the former ot the middle r. Two steoljtongues a r, B g, arc con-

nected with the I'Xlrcuiities of the bars by double conical joints which
allow suflicicnt play to the tongues to prevent interference with the
free exi^ansions of the liars. At a certain normal temperature the

steel tongues are fwrpendicular to the direction of the bars. Suppose
them in this position, and that an increase of temperature takes place :

the brass bar will become longer than the iron bar in consequence of

its greater relative expansion, .md a straight line a c p (on the middle
of the tongue) will come into the position acr, intersecting its former
direction at a point P, so situated that v c has to p a the ratio of the

expansion of the iron bar to that of the brass bar. But this ratio

lieuig cuustant, r is a given ))oint ; an<l as the corrcs|>onding point q on
the other tongue is in precisely the name circumstances, it follows that

the distance between r and q will remain unaltered in all temperatures,

provided at least both bars have the same temperature. This in-

variability is, however, not absolute, for when the tongue comes into

the obUque position a F is longer than a r, and consequently the point

marked on the tongue will be between a and the invariable point.

Henoe on increase of temperature must increase the distance between



GEODESY. GEODESY. 3S4

p and Q : but tbe effect is insensible. The dist;\nce between the two
bars was about 2 inches, and the distance of P from the iron bar or p c

(which was 'determined experimentally) about 3 J inches. The bars

were enclosed in strong wooden cases, having only the ends of the

steel tongues exposed, and the cases laid upon trestles. Five or six

sets of bars were used together ; and when levelled and adjusted in

the line of the base, the interval between the point <J on one set, and
the point p on the next, instead of being variable (as in the methods of

Delambre and Bessel), was made equal to a given constant quantity.

This was effected by means of a microscopic apparatus, constructed on
the same principle as the measuring apparatus, two microscopes taking

the place of the steel tongues, and their foci being the points whose dis-

tance remains invariable. The microscopes were 6 inches apart, and
between them, at the same distance from each, was a small telescope

invariably connected with the two metalUc bars, to which the micro-

scopes were attached ; tbe whole being so disposed that the three

optical axes were in the same plane, and parallel to each other at the

normal temperature. This apparatus being placed parallel to the line

of the base, over the end of one of the sets of measuring bars, in such
a manner that the point Q on the steel tongue was bisected by the
cross-wires of one of the microscopes, the next set of bars was moved
backwards or forwards until the point P was bisected by the cross-

wires of the/other microscojie. A very delicate level fixed on the

upper bar of the microscopic apparatus gave the means of adjusting

the optical axis of the telescope exactly in the vertical ; by which means,
when it was necessary to suspend the operations, or to change the level

of the line of the base, the point from which the measurement was to

be resumed could be determined with much greater precision than by
the usual means of a plummet. The measuring-bars were compared
(daily, we believe) with a standard iron bar, which therefore is the unit

of the distances ; and the interval between the foci of the microsco[>e8

was in like manner verified by comparison with a scale.

The question of superiority among these different modes of measur-

ing a baise must be decided with reference to ]>ractical convenience :

it cannot be affirmed that the results of any one of them are decidedly

more accurate than those of the others. Col. Colby's apparatus is ex-

ceedingly beautiful in theory, but the play of the joints by which the
tongues are connected with the bars, and the uncertainty there must be
about the determination of the invariable points, and that their dis-

tance remains imaltered while clianges of temperature are taking place,

are obvious disadvantages. Bessel's apparatus is the most comi)act,

and in fewest pieces ; and we should imagine that his mode of

mea.suring the intervals between the successive bars would be found
easier in practice than making the distance between them constant.

On the other hand, the adjustment of a point under the focus of a
microscope is an operation which can probably be executed with
greater precision than the me.isurement of the distance between two
solid bodies, whether by a scale and vernier, according to the method
of Delambre, or by a finely-divided wedge, as used by Gauss and
Bes.sel.

The length of the base is a matter of some importance. Theoretically
speaking, it cannot be too long. If a distance on the earth's surface

(an arc or meridian, for example) deduced from a trigonometrical

operation be m times the length of the base, then, putting errors of

observations and calculation out of view, the probable error in the
distiince is to the probable error of the base in the ratio of ^m : 1

;

consequently the longer the base the less is the probable error of the
result. On the other hand, the probable error in the measurement of

the base increases as the square root of its length ; so that a distance

deduced from a base of three miles measured only once would have
as great a probable error as if it had been deduced from a base of only
one mile measured three times, and the mean result taken as its true
length. The 'oases measured in connection with the British survey, vary
in length from 46 miles to about 8 miles. In the Indian survey the
bases averaged about 7 miles. The two bases at Melun and Perpignan,
on which the great French arc of meridian depends, were both upwards
of 7 miles, and each consisted of two parts inclined to each other. In
the Irish base 8 miles were directly measured with the compensation
bars, and 2 miles were added by triangulation. Struve's base was
2315 toises, or about 28 miles. The Prussian base, measured by
Bessel, was only 935 toUes, or about 1| mile. Baron Zach, who
measured some small bases in Italy, contends that long bases, such as
were measured in the French, English, and Indian surveys, are attended
with no advantages corresponding to the expense they occasion ; and
Professor Schwerd, in an interesting account of a base of 2818 feet,

mea-sured by him near Spire, reasons to the same eff'ect. (' Die Kleine
Speyerer Basis,' Speyer, 1822.) Although wc cannot subscribe t(j

these opinions, it must be admitted that as instruments and the
methcMs of observing and computing the observations have been im-
proved, the necessity for frequent verification by the measiu-e of new
bases has been proportiouably diminished.
When the measuring-rods have been applied to the whole line of the

base, and the proper reductions made for expansion, inclination, 4c.,
the distance is obtained between the terminal points, in terms of the
standard to which the measuring-rods are referred, on an arc of a great
circle of the earth. In order that the results of different surveys may
be comparable with each other, this circle must have a determinate
radius

; and hence it is usual to substitute for the are actually measured,
ABTS .l.ND SH. DIV. Vor,. IV.

the corresponding arc on the surface which coincides with the mean
level of the sea. Let I denote the measured length of the base, I' its

length reduced to the mean level of the sea, h its height above that
level, and r the radius of the earth ; the V is found from this propor-
tion, r + h : r : : I : I'.

Triangulation.—In commencing the Triangulation, the first step is

to make choice of the points or stations which are to form the summits
of the- principal triangles. The choice of stations must be determined
in some measure by the natiiro of the country, and with reference to

the objects of the survey ; but care must be taken to avoid very acute
angles, because small errors in the measurement of such angles will

give rise to large errors in the lengths of the sides deduced from them.
The best-conditioned triangles .are those which are nearly equilateral.

The principal triangles should be of considerable magnitude, for the
probable eiTor of a distance deduced from a base through a series of

triangles increases with the mmiber of intermediate triangles. Sides

averaging from 20 to 50 miles may be considered as the most con-

venient ; but in mountainous countries, or for connecting stations

separated by the sea, the magnitude of the triangles will sometimes be
Umited only by the distance at which the signals cease to be visible

from each other. When the object of the survey is the topography of

the country, the geographical positions (the latitudes, longitudes, and
altitudes above the sea), as well as the mutual distances of these

primary stations, should be determined with all the precision it is

possible to attain. The more remarkable features of the country are
afterwards connected with the principal stations, by itecoMf/wr?/ triangles,

which, being liable only to small relative errors, may be determined
more expeditiously by less precise observations or with inferior instru-

ments; and the intermediate points are filled in by means of the

sun'eyor's compass and chain. [Surveyixg.]
Siynah.—When the stations have been chosen, the next point to be

considered U the erection of signals. In the earlier surveys, the usual
practice was to select such conspicuous objects as the country
presented, as church spires, windmills, &c. ; but experience has shown
that objects of this kind, even when found (which will seldom be the
case) in those po.5itions where it is desirable that the angular points of

the triangles should be established, are not well adapted for signals,

and that in general the most advantageous course is to construct them
for the .express purpose. In the earher part of the English survey,
the observations were chiefiy made by night, .and the signals were
reverberatory lamps with concave metallic reflectors supported by liag-

staffs, and enclosed in tin cases, having plates of glass in front to

screen the light from the action of the wind. Such signals answer
well enough for distances under 30 miles. Biot and Arago, in the
prolongation of the French arc of meridiau, dlso employed reverberatory

lamps and concave reflectors; and in one case the distance between
the station and the signal exceeded 100 miles. Bengal lights, blue-

lights, and other contrivances have also been used as night-signals.

Delambre constructed his signals of wood in the form of truncated
four-sided pyramids, and observed by day. For the large triangles in

Ireland and the west of Scotland, Colonel Colby built up conical piles

of dry stone, which were thrown down when the instrument was taken
to the spot, and again built up when it was necessary to observe the
same signal from other stations. Such signals were found to be visible

in the telescope of the great theodolite at the distance of 90 or 100
miles in favourable weather. Plates of polished metal, placed so as to
reflect the light of the sun in the proper direction, have been found a
powerful means of rendering a station visible. Gauss proposed the
heliotrope, in which the reflecting surface is silvered glass ; and this

was the signal which was principally used by Struve and Bessel.

Another method, adopted by Bessel for short distances, was the
reflexion of light from a hemisphere of polished copper. These two
last methods have the disadvantage of rendering the observer depen-

dent on sunshine, but in other respects they afford excellent signals,

for as the light proceeds from a point, the observation is made with the
greatest precision. In the case of the hemisphere indeed, the luminous
point is not in the axis of the signal, but as the radius of the

hemisphere and the azimuth of the sun at the time of the observation

are known, its position with reference to the axis can be accurately

computed, and a correction applied if the deviation is sensible. But
all soUd bodies used as signals render a similar correction necessary

when the light falls upon them obliquely. To avoid this incon-

venience, Svanberg observed the light of the sky through a rectangular

opening in a bUckened board which turned about a vertical axis, so

that its plane could always be placed perpendicular to the visual ray.

Night-signals are found inconvenient by reason of the inisteadiness and
the scintillations of the light ; and accordingly geodetical observations

are now generally made by day ; nevertheless, under peculiar circum-

stances, night observations may be advantageous, or even necessary.

Thus, in India, Colonel Everest found that the greater refraction

during the night sometimes rendered stations visible which could not

be seen by day, being hid by the intervening ground.

With resjject to instruments and the methods of obsemng in geo-

detical surveys, ample information is given in the articles Theodolite,
REPEATi.sa CiBCLE, &c. We may here remark, however, that as etich

signal (speaking generally) is the common vei-tex of several triangles,

an angle required for the calculation of a triangle nuay frequently be

obtained from the sum or difference of other angles at the same point.
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• w«U u by dircot obMrratioa. Thk oirouinaUnee panniU the obwr-

Tmtiona to b« nubda in rariuiu ways, and aflorda an important meaoa of

vwifioation ; but in ordor that full advanta^ may be darived from it,

the obaorrationa muat b« made and oombmed aooording to iome *j»-

tematie plan. Stniva, in the Kuaaian triangulation, adopted the pUo
of obearrinx iiiiiiimilTiilj the diraotion of aTen dgnal viaibla from liis

latioa, in i»fai«i>e« to a oertain arbitrary direotion ; and the larae

method ww fc^wed by Baaael. Thii appear* to be the mode of con-

duotinc the obaenrationa by which an obaerrer ia enabled to make the

most M hia poaition.

JUdtttian to Uu Ontrt of tk» Station.—It ia desirable that the centre

of the fautrument ahould alwaya be plaoed in the vertioal line which

flfthwHiM with the azia of the aignal at the aame atation ; but the strict

faUUment of thia oondition may aometimea be impoaaible, or at leaat

•xtrendy inoonTenient. In auch oaaea the inatrument is plaoed near

whence alao

1 1

<-'(^7)-'(;-7)~"'

the station, and a correction made for the excentricity. Let c be the

centra of the station, e the place where the imtrument is placed, x and

B the distant signals, so that a. c B ia the angle which is required, and

ABB the angle actually measured. Let the distance c E be denoted by

d, and a o (computed approximately) by m ; then the difference, in

seconds, between c B and a E B is found from thia formula—

AOB—AEB= u(f sin (bac—BEc)-f-m sin B AC,

where «= 206264-8", the number of seconds in an arc equal to the

radius, or t>=caaea i"=l-;-sin 1".

JUduetion to tkt Horizon.—Although the theodolite has now come

into general, perhaps universal use, in carrying on important geodetical

operations, we shall add the formula by which an augle measured in

the oblique plaue passing through the instrument and the two observed

objects ia reduced to the horizon. Let a and b be the remote signals,

C the angle in the oblique plane, c' its projection on the plane of the

horizon ; and let a and ;3 denote respectively the number of seconds by

which A and B are observed to be elevated or depressed above or below

tha horizon of o ; then

c_o'= |j (o + /9)«tan J c-J («-/')' oo* to} sin 1".

When the angles have been measured, and <if necessary) deduced to

the centra of the station and the horizon, their values as given by the

instrument, being all affected with some portion of error which it is

impoaaible by any means to get rid of, must undergo a process of cor-

rection or adjustment, or be made to satisfy certain mathematical

conditions, before a determinate result can be deduced from them. In

order to estabUsh these conditions the following quantity must be com-

puted for every triangle in the series.

SpKerieal Bxctn.—The spherical excess of a triangle on the surface

of a sphere or apheroid, formed by the sections of planes perpendicular

to the surfaces, is the excess of the sum of its three angles over 180^

This excess has a given relation to the area of the triangle depending

npon the radius of the sphere ; and in a geodetical siurey the data

for computing it are, in every case, a aide c, and the three obaerved

angles a, B, o, of which c is supposed opposite to e. Let s denote

the number of square feet in the surface or area of the triangle, R the

pberioal axoeas in aeoonda, and r the radius of curvature in feet;

we have then »= ^ec sinA ainB-r-sinc, and E— u s ^ rr, where
MS 206264-8".

On the spheroid, the radius of curvature of a section perpendicular

to the surface ia variable, and depends both on the latitude and the

inclination of the section to the meridian. For a series of trianglea

included between two parallels of latitude whose distance is not mure
than two or three degrees, r may be supposed constant in computing
tha apharioal excaa* ; and as the nearest approximation to its mean
valoa, wa may take the radius of curvature of tha section which inter-

sects ths meridian in an angle of 45", at tha middle latitude. Tha
general formula for the radius of curvature of an oblique section Is

1 <l-e«-l-«ecoa'f cos»«) /(l-CTsin'Q

r
"" o(l-«)

iritSN a ia tha radiua of the eqiutor, t the excentricity (so that

etst(aa—U>).i-aa, b being half the polar axis), I the latitude, and 9 tha

Mimuth, or incLnation of the section to the meridian.

Let f denote the radius of curvature of the meridian (for which
laO), f' that of the section perpendicular to tha meridian (fur

whiidi ts^*), the formula gives

1_ -/(!-« sin^f)* |1 V(l-«tBin»f)

p " o(l-M) ' ?
"

a '

_ „ i. cos«»-h 1,
r r f'

from which l-i-r is readily computed for any value of *. When
•=45*, the second term vanishes.

In the UUtude of Orsenwich (61* 28' 89"), p - 209U961 feat,

^'<9 2096647S feet, whence (maUng •= 45') log («.j.rr) = 67251—10,

and consequently log i= log s-f 0-67251— 10. In order that E may
amount to 1", we miut have log 8= 9-39749, or 8 = 2,497,800,000

square fset, or nearly 76^ square miles, that is to say, the spherical

exoen anuxmta to 1' for every 76^ square miles in tha area of ths

triangle. The calculation of the area therefore does not require to ba

made with much accuracy, and may be facilitated by meaoa of sub-

sidiary tables.

Corrtction of the Obtervatimt.—One of the improvements for which

practical geodesiy has recently been indebted to the Uerman astro-

nomers, particularly Gauss and Beasel, is a general method of combining

and correcting the observations according to the principles of the

theory of probability, so aa to elicit the result which is mmt probabtjf

nearest the truth, or which gives the nearest representation of the

whole of the observations. Formerly the practice was to regard each

trLingle as a complete and independent whole, and to adjust the

otjserved angles (usually by some arbitrary process, or aocording to

the observer's judgment of their relative i^xxlness), so as to fulfil the

condition of their sum being equal to ISO" together vrith the spherical

excess, without regard to the relations subsisting among the angles of

the qriadriliterals or other polygons formed by the lines connecting the

angular points. But this mode of proceeding affords a very imperfect

solution of the problem : for in order to obtain the best result which

can be deduced from the observations, it is indispensable to have

regard not only to the condition just named, but to every independent

relation subsisting among the angles of the whole series of triangles

included in the survey; and the more numerous the relations are

which the observations are made to satisfy, the greater will bo the

probable accuracy of the final residt.

The equations of condition which exjiress the independent relations

connecting the angles of a system of geodetical triangles orise chiefly

from three sources : 1, The sum of the three anglee of each triangle is

equal to \&0° plut the spherical excess; which excess, being in all

cases a very small quantity, can be computed to so great a degree of

accuracy, that it may bo regarded as absolutely exact. 2, If there be

a system of triangles so connected that the second has a side a in

common with the first, the third a side 4 in common with the second,

the fourth a side c in common with the third, and so on to the last,

which has a side i- in common with the preceding one, and another

side I in common with the first, then, on forming the identical

equation
a

1=7

and substituting for these ratios those of the sines of the angles

opposite the respective sides, each being diminished by a third of the

spherical excess of the triangle to which it belongs, an equation of

condition is obtained which should be satisfied by the observed angles.

3 When the angles observed at any station include the whole circuit

of the horizon, their sum must be coual to 360" ; but this condition

can only be made available when tiie angles are detenmned mde-

pendentiy of each other. . . j
In a compUcatcd scries of triangles, some difficulty may be fouad

in determining the exact number of independent relations furnished

by the angles and sides of the figures, but this wiU bo matenaUy

lessened by attention to the following considerations :
If a point, P,

whose position is still unknown, be observed from two other P<»"»**>

A and B, already determined, and the directions of A and 8 be also

observed from P, we have then three angles for correction, and

one equation of condition of the first kind. If the unknown pomt, P,

be observed from three known poinU, A, B, c, and each of these be also

obaarveil from r, wu have then five angles for correction, and three

equations of condition, namely, two of the first kind, furnished by the

two triangles whoso vertices ore A P, and one of the second: and,

Konerally, when a point p haa been observed from m stations whoso

positions are already known, and each of these has been »<»eryf«

from P, we have then 2»i— 1 angles for correction (one at each of the

given poinU and m-1 at p), and 2m-3 independent equations of

oondition, namely, m-1 of the first kind, and i»-2 of the e^ond.

An example will render this sulficiently clear. Let a, B, o be tnree

A

points already determined, and P a new station at which the directions
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of A, B, and c have been observed, and which has itself been observed

from those points. These observations give five independent angles

to be corrected, namely, two at p, and one at each of the other stations,

and three equations of condition, which are thus found : the two
triangles 4 p c and B p c give two equations of the first kind, namely,

1, APC + PAO + ACP=1^0° + E,

2, BPC+PBC +bcp=180° + e'.

On considering the three triangles apb, bpc, abc, it will be seen that

the side pb is common to -the first and second, BC to the second and
third, and ab to the third and first. Forming therefore the identical

equation

._ pb bo , AB
AB PB Bc'

and anbstituting for those ratios those of the sines of the opposite

angles (each diminished by one-third of the Bpherical excess), we get

the equation of the second kind :

—

8,1 = nn FAB mn bpc buiacb

Bin APB sm bcp am cab

When the eqnations of condition have been thus formed, the

observed values of the different angles are substituted in them, each

being increased or diminished by a small indeterminate correction.

The values of the corrections are then determined simultaneously by
solving the equations according to the method of minimum squares, or

BO that the equations of condition shall be satisfied as nearly as possible

(they cannot be all satisfied exactly), and the sum of the squares of

the corrections shall be a minimum. For further details on this

subject, and examples of the application of the theory to trigono-

metrical surveys, we must content ourselves with a reference to the
' Supplementum Theoriae Combinationis,' 4c. of Gauss (Gbttingen,

1828), where it is applied to a portion of the triangles surveyed by
Krayenhoff in Holland; to Nos. 121 and 122 of the ' Astron.

Nachrichten,' where it is applied by Rosenberger to Maupertuis's

measurement in Sweden ; to No. 438 of the same work, where it is

applied by Bessel to the computation of the triangles at the southern

extremity of the French arc of meridian : and to the ' Gradmeasmig in

Oat-Preussen,' ah-eady referred to. The advantages of the method are

two-fold. In the first pliice there is the probability that the result is

nearer the truth than if it had been deduced in any other way ; and
secondly, a general and uniform process of calculation is substituted

for an Imperfect and arbitrary one.

In proceeding according to the ordinary method, and regarding the

triangles as independent of each other, the process is much simpler.

The difference between the sum of the three observed angles and
1 80" -t- E is the aggret^ate error of the three determinationa. If each
angle was determined by an equal number of equally good observations,

the probable error would be the same for each, and the correction would
be properly made by dividing the aggregate error equally among the
three. If the observations are assumed to be equally good, but each

of the angles has been determined by a different number, then the

portion of the aggregate error which should be thrown upon each
angle is reciprocally proportional to the number of observations by
which it was determined ; but when the individual observations are

not equally good (and this is the general case) the distribution of the
aggregate error should be made in such a manner that the amount of

the correction to be applied to each angle is proportional directly to

the sum of the squares of the differences between each observation and
the arithmetical mean of the whole, and inversely as the square of the
number of observations by which the angle was determined. If an
angle has been determined by a single reading, the portion of the
aggregate error to be assigned to it may be made proportional to the
mtan square (that is, the sum of the squares of the differences from the
mean divided by the number of observations) of the errors of a series

of observations at one of the other angles made under similar atmos-
pheric circumstances. Such is the method which the theory of pro-
bable errors indicates; but in most of the geodetical surveys which
have yet been published, the distribution of the aggregate error among
the three angles has been made, as already remarked, according to some
arbitrary hypothesis.

The three angles of the triangle, corrected in the manner now de-
scribed, are regarded as the true geodetical angles, or rather as the
Bpherical angles formed by the arcs of the great circles which intersect
in the vertical) passing through the stations on the surface of the
osculating sphere. In strictness there are no practical means of
determining the true geodetical angles, that is, the angles made by the
shortest lines on the spheroid. The observed angle is not the geodetical
angle, but the angle made by the two planes which intersect in the
vertical of the station, and pass through the remote signals.

CalatUUiirH of the Sides.—The method of computing the sides which
first suggests itself is, to convert the given or known side into degrees
of a circular arc, whose radius is e<|ual to that of the earth, and apply
the formula) of spherical trigonometry. This method has been some-
times adopted ; but as it gives rise to tedious calculations, it is usual
to have recourse to more expeditious processes, which, though only
approximative, give equally exact results. Various methods of approxi-

maWon have been proposed, though there are only two which have
been much used. One of them is the method which has been exclu-
sively followed in the Ordnance survey, so far as published, and also,

generally by Delambre. It consists in deducing from the spherical

angles the corresponding angles formed by the chords, and then com-
puting the triangle by plane trigonometry. In this manner the chorda
of the two unknown sides are found, from which the sides themselves
are easily deduced. The formulae are as follows :

—

Let the three spherical angles (that is, the observed angles corrected
for the errors of observation) be denoted by a, B, c ; the sides respec-

tively opposite by a, b, c (expressed in feet) ; and the radius of cxirva-

ture of the surface by r (also in feet). Let a' be the angle formed by
the chords of the sides 6 and c, and suppose A—A'=a! seoonda , .hen
putting i»=206264-8".

In like manner if b' and 0' denote the chord angles corresponding to

the spherical angles B, c, respectively, and if we suppose B— B'= .r' and
c— c'=x", the two small corrections x' and x' will be computed from
similar expressions to the above, and we have then the three plane
angles a', b', 0', the sum of which is 180°. For computing these cor-

rections approximate values of the sides must be previously found ; but
for this purpose it will generally be sufficient to use logarithms to four
decimal places.]

Although for facility of explanation we have described the reduction
to the chord angles as applied to the corrected spherical angles, it

is manifest that it may be (in practice it generally is) applied to the
observed angles. In this case we get a' -h b -» c'= 180°^ the aggregate
error of the three observed angles, which error must be then distri-

buted among the three reduced or chord angles in the manner before
described," so that their sum may be exactly 180°. By this means,
since we have obviously x + x' + x" = E, the previous calculation of the
spherical excess, in order to correct the observations, is rendered
unnecessary.

When the chords have been computed from the reduced angles a'
b', 0', the arcs are found in terms of the chords by a well-known series,

of which it is only necessary to use the two first terms. Let a be a
small are, and a' its chord, then a= a' — {a''-i-2ir').

The other method of comiiuting the sides to which we have alluded
depends on the following theorem, which was first given by Legendre.
If from each of the angles of a spherical (or spheroidical) triangle, the
sides of which are small in comparison of the radius, one-third of the
spherical excess be deducted, the sines of the angles thus diminished
will be proportional to the lengths of the opposite sides, so that the
triangle may be computed as in plane trigonometry. As before, let A
B, be the corrected spherical angles, a, b, c the sides respectively

opposite, and B the spherical excess ; then, if we mike

A'=A-i E, B'=B— Je, C'=0— J B,

we Bball have, in virtue of the theorem.

B = a sin b'

from which formula) the sides b and c are computed. This method
therefore requires no greater amount of calculation than would be
necessary if the triangles were on a plane surface, excepting that of the
spherical excess ; and if the three angles are assumed to be determined
with equal accuracy, even this is not wanted (unless for the purpose of

testing the accuracy of the observations), the angles for calculations

being found at once by applying to each of the three observed angles a
third of the difference between their sum and 180°, This is the
method which is most frequently adopted.

Legendre's theorem will give a sufficiently accurate result in ordinary
cases ; but if the triangles are very large, and the utmost precision is

aimed at, it will sometimes be desirable to have a closer approximation.

This may be obtained by computing the angles a', b ,
0' from the

following expressions of their values, which appear to have been first

given by Professor Buzengeiger, in Lindenau's ' Zeitschrift fiir Astro-

nomic,' vol. vi. (Tiibingen, 1818), and which are equivalent to an ex-

tension of the theorem so as to include terms of the second order,

Legendre's approximation including ouly those of the first. As before,

let s be the area of the triangle, and (>= 206264 "-8, then

A—A'=
3rr

us

3n-

1-1-

1 +

»B /
l^

aa + 7bh + Tcc\

I2O1T /'

7fflg + bb + 7ee\

120rr /

»

7oa + 7bb + ce'

120rr ).

and in conaequenoe of these, the spherical excess b(3A+b+ o— 180°)

become*
»8 / aa + hb + cc\

It is easy to see that the second terms of these expressions muat
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Imy be rerj mall ; in {sot, they wiU unooot only to • few hun-

diwHIu of a aaoond eren in the Utigeit trianglee. Nevertheleai wbva

the anglee >ra eomidered •• haring a mutual dependence, and the

oorrectiaM for a whole leriea are determined aimultaneoutlT from the

equation* of ooodition, the corrected angles will be given (if great pre-

Oiion ia required) to three or four decimals of a le^nd, and the above

fomula wUl have a practical application. They were uaed by Beaael

in the recalculation of the triangle* at the iiouthem extremity uf the

French ue of meridian ; and we give them a place the more willingly

a* they have nut hitherto, so far aa we know, found their way into any

gn^uV work.

Piofa**or Buxengeiger ha* also given a formula for the calculation of

the aids of a geodetical triangle, which may be nibetituted for the

method of Legendie, or uaed for verification. Let a be the known

side, A, B, c, the corrected pherical angles,m= 0-4342948, the modulu*

of the common logarithms, and ii = m-7-3«= 0-0000007, then for com-

puting 6 and e we have

log 6=log o + log Bin B—log sin a + « e (cot A—cot b) ;

log c=log a + log sin c—log sin A-t-n K (cot a—cot c).

With the help of a small table of natural tangents, this method is

scarcely more troublesome than Legendre's. The chord method is

more tedious than either, and doe* not appear to be attended with any

corresponding advantage.

iMtituda, Longitudei, and ifn'miiM.—Having ascertained the ter-

restrial ditt<n>«M between the several statious, the next step is to

determine their geographical positions, or situations with respect to

the equator and an assumed first meridian. For this purpose the

latitude and longitude of one station at least, and the azimuth of a side

of one of the triangles, must be accurately determined by astronomical

means ; we have then the data that are necessary for computing the

geographical position of every other angular point, and the bearing of

every other side, through the whole series of triangles, assuming the

earth to be a spheroid of rotation of known dimensions and ellipticity.

The uncertainty, however, which oln-ays exists respecting the exact

form and curvature of any particular portion of the earth's surface, or

rather the irregularities of local configuration, require independent

astronomical observations, particularly of azimuth, to l>e made at more

stations than one, when the triangulation extends over a considerable

tract of country.

If the country included in the survey contains a fixed observatory,

this will of course either form one of the principal stations or be con-

neirted with the principal triangles, and may be taken as the point of

departure. In this case the astronomical position of the fundamental

p(unt is known with the greatest certainty ; and the meridian-mark of

the transit-instrument affords the surest means of determining the

bearing of any signal visible from the observatory. At any other

station the best method of determining the azimuth is probably to

imitate this proceeding, by setting up a temporary mark as nearly in

the meridian as may be, and determining its deviation with a tr&nsit-

instnunent by some of the methods used in practical astronomy for

the purpose. [Teansit-Instbumjuit.] The angle between the mark
and the signal at another of the principal stations is then measured

with the theodolite, whence the azimuth of the signal becomes known.

But as this method cannot always be conveniently foUoweil in geode-

tical operations, the usual practice is to make the surveying instrument

itself subservient to the determiiuktion of azimuths. In the English

survey the method commonly adopted was, to observe with the theodo-

lite the angle between a nag-staff and the pole-star at its extreme

digressions east and west, and to take half the sum of the two angles

as the azimuth of the staff. In deterhiining the azimuth in this way

a very accurate adjustment of the instnmient is necessary. The
method usually followed on the Continent has been to observe the

angle between a referring aignal and the sun, or some star whose place

is well known, when near the horizon ; and as the azimuth of the sun

or star at a given instant of time can be computed with great precision,

the observation is liable to no particular cause of error, \mless in the

determination of the exact clock-time. The result is usually made to

depend on the mean of a great number of observations.

The problem on the solution of which the calculation of the geode-

tical latitudes and longitudes of the stations, and the azimuths of the

sides of the triangles, depends is this : Let a and B be two stations

whose distance has been determined, and suppose the latitude and

longitude of A to be known, together with the azimuth of b as seen

from A ; it is required to find the latitude and longitude of B, together

with the azimuth of as seen from u. The azimuthal angles are sup-

posed to commence at the south point of the liorizon, and to be

rsokoned towards the west (or right) from to 360". Assume

'

I= the latitude of a, f= the Utitude of B,

X=the longitude of a, V = the longitude of B,

f IS the azimuth of a B at the station A,

f=the azimuth of a B at the station B, -

(f s:the distance on the spheroid between A and a, in feet.

And, as before, let a denote half the greater axis of the meridian, t the

exoentricity, f =arr-y(\~et sin' I), the radius of curvature of the arc

perpendicular to the meridian at a, and «=206264''8. Then, putting

(for brevity) u^d-r-f/, the difference* of the latitude*, longitudes, and

aximuth* of the two stations, in seconds of arc, are given by the

following formula, namely :

—

r-l = -« (u cos 9-\ »* sin» « tan Z) (1 »«« cos' 0.
a'—A= c> usin aec r,

V-9 = 180''-(V-A) sin 4 (/' -f J) sec i (f'-O.

These formuls are only approximative ; but they are sufficiently exaet

for every case that can arise in practical geodesy. Even in the case of

the greatest distances between the stations, 100 miles for example, the

ronuts which they give will agree with those which are computed from
the exact formults of spheroidical trigonometr}- to within a small fraction

of a second.

By meaiu of the above formida, the geographical positions of the

principal stations are successively deduued from each other ; but when
a chain of triangles runs nearly north and south, or east and west, the

differences of latitude and longitude are more readily computed by
referring the different stations to an assimied meridian by means of

parallels and perpendictUan. Let A, B, c, o, I, r be the summits of a

Fig.t. s. /^^~^7
\ /

\
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\/
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chain of triangles, and x Y the direction of the meridian passing through
the first point a; and let perpendiculars Bi, cr, &c., be drawn from
each of the other points to x T. Suppose the angle x a B (the azimuth
of B on the horizon of a) to be determined by astronomical observations

:

then, as the angles at B, c, D, &c., are all known from the geodetical

observations, the angles which the sevenil sides of the triangles make
with z T are easily computed ; and the distance on the meridian
between the perpendiculars through the extremities of any side is

found by multiplying the length of the side into the cosme of it*

inclination. Hence Uie distance on the meridian from the {mint of

departure A, to the foot of the perpendicular through any utber point,

F, is equal to the sum of the sides which join A and K, eivch multiplied

into the cosine of its inclination. Thus, the sum of the products of

the three sides a B, B D, D F, by the cosines of their respective inclina-

tions, gives A& 4-i<i-i-(f/=A/; or the sides ac, CB, BP, reduced in

the same manner, give a c -> e e ( «/= a/. Hence the distance from a
to the foot of the perpendicular through each point becomes known.
In like manner, on multiplying the length of any side into the sine of

its inclination, we have the ditrerence of the distances of its two extre-

mities {rum X Y, and the dixtonce F/, of any point F, is the sum of

those differences (taken with their proper sigpis) in respect of all the

intermediate sides between A and F. These relations are more shortly

expressed by algebraic formula;. Let the incUnations of three sides

intermediate between a and f, for example, a b, bd, d f (the angles at

the different points being all reckoned in the same direction), be respec-

tively a, j3, 7 ; then, attention being given to the algebraic signs of the

trigonometrical lines, we have

a/= a b cos a ( b d cos /3 -f D F cos 7,
f/= a b sin a -t- b d sin jS ) d f sin 7.

By this means, all the angular points of the series are referred to the

meridian of the first, exacUy in the same manner as the different i>ointa

of a curve are referred to its axis by Uieir co-ordinates.

We have now to determine the differences of latitude. Taking the

point F for example, let F A be the arc of the parallel circle on the

spheroid, passing through F, and A its intersection w-ith the meridian

of A, then A A (which is always lees than a/) is the arc of meridian

corresponding to the difference of latitudes. To compute / A we have,

from the properties of the spheroid, the formula/ A = f/ tan /'-*-2r,

in which /' is the approximate latitude of F, and B the distance from
the centre of the earth ; and as / A is always very small, instead of

computing the value of R, it will be sufficiently accurate to use f, the

radius of curvature of the meridian corresponding to the latitude.

The distance / A thus found is expressed in feet ; to convert it into

seconds of arc we must multiply by a -r- p ; hence the difference of the

latitudes of F and a, expressed in seconds, is

—

J'-J=(«-^C) (a/-/*).

The latitude of F and its distance f/ from the meridian of a being

known, its longitude, or the arc F A of the parallel circle, is found from
the formula already given. Let f' be the radius of curvature of the

pcr|>endicular turo r /, then (u-i-p') r/u the number of seconds in rf,
and hence the difference of longitude* of F and a in seconds i*-^

X'- A = (w-T-iO X F/sec e.

When the positions of a considerable number of points are to be

determined, the calculations may l>e facilitated by forming a table of

the values of /A corresponding to every value of r/ proceedinir by
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smaU differences, 100 feet for ^example. In following this method,

however, the stations must not be so far from the assumed meridian

that the difference of the currilinear distance and its projection on the

horizontal plane becomes sensible, and hence in the sm-vey of a large

country the direction of a new meridian (or the azimuths) requires to

be determined astronomically when the triangulation has been carried

a degree or two to the east or west of the point of departure. It is

scarcely necessary to add that the positions of the secondary points

are computed without reference to the curvature, or convergence of

meridians. „ i » i
The method of computing the distance between the parallels of two

remote stations, A and F, which we have now described, is that which

is usually followed in measuring arcs of meridian. To this purpose,

indeed, it is particularly adapted, for as the chain of triangles runs

along the direction of the meridian, the distances of the signals from

the line to be measured are not so great as to give rise to any error by

reason of the neglect of the curvature of the perpendicular arc. For

other methods of computing the parts of the meri<lian, and formulae,

theoretically more ejtact, for computing the latitudes, longitudes, and

azimuths, see Delambre's ' M^thodes Analytiquea pour la Determina-

tion d'un Arc du M^ricUen ; ' or Puissant, ' Traits de Gdodesie/ third

edition, 1842.
^ , . ,

If the earth were a regular spheroid of rotation, the latitudes and

longitudes deduced from geodetical measurements commencing with a

given observatory would agree exactly (supposing no errors) with those

given by astronomical observations. Such agreement however is not

found to exist, and no regular figure can be assigned to the earth by

which the results of the two methods can be entirely reconciled. An
instance or two will sufBee to give an idea of the extent to which the

discordances may reach. In the remeasuremeut of Beccaria's arc, the

astronomical difference of latitude between Andrate and Mondovi was

found to he 1° 7' 26".98, while the difference computed from the French

triangulation, taking the observatory of Paris as the point of departure,

and assuming the ellipticity = 1 -=- 308-65, was 1° 8' 14" 82. The dis-

cordance amounts to 47".84, corresponding to a distance on the meri-

dian of about 4880 English feet, the whole distance being about

368,885 feet. Again, the latitude of Venice deduced from that of

Rimini by triangulation was found to differ 17".2 from the latitude

given by direct observation ; and the latitude of Rimini deduced from

that of Milan differed 27".4 from the astronomical latitude. (' Con-

naiaaance des Tems,' 1827.) Simikr anomalies have been found in

the surveys in England, France, Austria, and indeed all other countries

;

and as their amount exceeds that which can with any probability be

assigned to errors of observation, they are ascribed to irregularities in

the direction of gravity arising from inequalities in the form or internal

structure of the earth,—to the attraction of mountains or local varia-

tions of density. Puissant (' M<Sm de I'Acad.,' t. liv., 1838) shows

reason for supposing that in France the curvature of the surface is

considerably different on the east and west sides of the meridian of

Paris.

Determination of the Altitude!.— In order to complete the description

of tie objects embraced in a trigonometrical survey, it only remains for

US to point out the manner in which the relative heights of the stations

are observed and computed. The observations required for this pur-

pose are the zenith distances of the signals as seen from each other

;

and they may be made with the theodolite or any instrument with

which angles can be measured in a vertical plane. The chief difficulty

attending the determination arises from the uncertainty of the ter-

restrial refraction, an element which is liable to frequent and con-

siderable variations, more especially as the objects observed are always

nearer the horizon. The formula; are as follows :

—

Let k and h' denote respectively the heights of two stations, A and B,

above the level of the sea ; 2 the zenith distance of B as observed at a ;

A2 the seconds of arc through which B is elevated by the refraction

;

J* and A/, the corresponding quantities in respect of a as observed at B

;

c the angle at the centre of the earth formed by the verticals of a and

B ; d the distance in feet between A and B on the spheroid ; and r the

radius of ciu-vature of the terrestrial arc. The plaine triangle formed

by the two verti(»lB and the straight line which joins a and B gives

this analogy :

—

2r+h' + h:h'—h ::cot4o:tan4 {z' + ^—{z + Az)]

,

from which, on rejecting superfluous quantities, and with the aid of

certain physical asstmiptions, the formula: for computation are de-

duced.

In the first place, h' + h may be rejected as being insensible in com-

parjsonof 2r: then since ^ + Az'—(z + Az)= 2 (90'— {z + Az—{ c)] , the

sbove analogy gives

h'—k=2r tan 4 c cot {z + Az-lc).

Again, because c is always a very small angle, we may put, without
sensible error, d= 2r tan 4 c. The last formula then becomes

h'—h=d cot {z + Az-i c).

With respect to the imknown quantity Az, two assumptions are

made : first, it is assumed that the whole effect of the refraction at

both stations ia proportional to the distance between the stationa, or to

the angle o; or to assume A/ -^ As= I o, where J is a numerical co-

efficient. Secondly, it is assumed that the effect of the refraction is

the same at both stations, or that Az'=Az; this gives Az^^kc, and
consequently Az— 4 c= — 4 (1— <) c. Substituting this in the lant

equation, we get

h'—h=d cot {z—i 0.-1) o} (a).

This equation gives the height of the signal at B above the place of

the instrument at A in terms of the geodetical distance d, and the

observed angle s, assuming the coefficient of refraction to be known.
It will be observed that c is given in seconds by the formula = « rf -=-»-,

where a>= 206264"-8.

When the zenith distances are observed at both stations, the co-

efficient h may be deduced from the observritious ; for the assumption

of Ai -h Az= i c gives i-c= c + 1 8 ° —{z + z), whence

l-A-=(3'-)-2-180°).^o. (i).

A mean value of k, deduced in this manner from a number of reci-

procal observations, may be substitutetl in the equation (a) for finding

the difference of the heighta of two stations when the zenith distance

has been observed at one of them only. But when z' and z are both
observed, the difference of altitude is obtained independently of the

value of k ; for on substituting the value now given of \ -k in

equation (a), we get

h'-h=dta.n\(z'—z). (<•).

The absolute height A of the first station ia usually found by levelling

from the surface of the sea at half-tide. But assuming the refraction

to be known, the absolute height of a station may be determined by
observation of the zenith distance of the sea horizon. The formula is

A= 4 r (1 -t- \kf tan' (3-90°). (d ).

In the application of the preceding formiUa;, it is necessary to attend
to the height at which the instrument was placed with respect to the
signal, or point for which the calculation is to be made. For instance,

if the object observed is the surface of the ground, and the instru-

ment is placed at the height of n feet above the surface at both
stations, then on computing the coefficient of refraction from the
formula (6), the angles z' and z must be each diminished by the number
of seconds in the angle subtended by » feet at the distance d, that is, by
206264'''8 M-rrf. In the formula (c), which applies to reciprocal obser-

vations, the height of the instrument need not be regarded, provided it

be the same with respect to the signal at both stations. In the cases to

which (a) and (d) apply, the coiTection ia made by subtracting the
height of the instrument above the ground from the results given
immediately by the formulae.

The siu-est determination of altitudes is that which is given by
reciprocal observations ; for in this case the only assumption involved
in the formula is, that the refraction is the same at both stations ; and
if the observations are made under similar atmospheric circumstances,

this cannot well be supposed to lead to error. Such observatioua also

give a more certain value of the coefficient of refraction than can be
deduced from the astronomical theory, which, besides the hypotheses
necessary for connecting the variation of temperature with the altitude,

assumes also (for the present purpose) that the variation of tempera-
ture follows the same law throughout the whole distance from the one
station to the other. The mean value of k, deduced by Bessel from
reciprocal observations made during the measurement of the Prussian
arc, was 0'1370; Gauss found 01306; Carabceuf, from the French
triangulation in Piedmont, 0'1285 : Struve, in Russia, 01237^ De-
lambreand Mi5chain, 01566 ; and in the Knghsh survey the definitive

value of k was found to be 0'0809 for rays crossing the sea, and 00750
for rays not crossing the sea.

We shall conclude this article with a short statement of some of

the more important results relative to the figure and dimensions of the
earth which have been deduced m recent years from a discussion of

arcs of the meridian and of parallel.

In the ' Encyclopaedia Metropolitana ' (art. ' Figure of the Earth '),

Mr. Airy has discussed fourteen arcs of the meridian and four arcs of

parallel. The results obtained by him are

—

0=20,923,713 feet.

6 = 20,853,810 „
a-b _ J*~ a " 299-33 feet,

a, b, denoting the semi-major and semi-minor axes of the terrestrial

spheroid, and « the ellipticity or compression.

In the ' Astronomische Nachrichten,' Nos. 333 and 438, Bessel has
given an elaborate discussion of the figure and dimensions of the
earth, founded on ten arcs of the meridian.* His final results present

a remarkable accordance with those obtained by Mr. Airy. They i

0=20,923,600 feet.

6=20,853,656 „

J•~ 299-15 '

• In 1841
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Oolenal Erarart, in hli 'Aeoonnt of tixt Meaaunment of Two
flaoHnm of tb« Mocidioiul Are of Indi*, fto.,' baa dadnoed the elamenta

of Um aarth'a Ognr* imm a diaooaaion of twrlre area of the maridiaa
Hia final r«aulta ar*—

0=20,020,002 foot
&s20,853,642 „

J•" 31104 "

In the ' Aeeoont of the Principal TrianguUUon, ke.,' relating to the

Ordnance Survey of the British Isles, Captain Clarke haa inves-

tigated the elemouta of the spheroid which most nearly representa the

aur&oe of Great Britain. The following are the final resiuta obtained

by him:

—

0=20,027,006 feet,

&:> 20,862,372 „
_1

*~ 280-4 "

FWmi theae elementa Captain Ckrke has deduced the following

reaulta :

—

1. Badiua of curvature of the meridian

= 20,880,705-111,040 cos 2\ -l- 250 cos 4x.

2. Radius of curvature perpendicular to the meridian

= 20,064,404-87450 cos 2\+50 cos 4A.

8. B«dius of parallel

=20,945,679 cos X— 18,700 cos SX + 25 cos 6A,

4. Length of a meridian arc whose amplitude is ^ and mean
latitude X

= 20,889,705 ^—111,949 sin ^ cos 2\ -t- 125 sin 2^ cos 4A.

6. Length of a degree of the meridian

= 364,594-1-1053-8 cos 2A -i- 4'4 cos 4A.

6. Length of a degree of longitude

= 865,571-0 cosA— 320-4 cos 3\ + 0-4 cos 6A.

Theae formulte are, of course, applicable only to the surface of Great
Britain.

In the work above cited, Captain Clarke has also investigated the
elements of the earth's figure by a discussion of the totality of trust-

worthy arcs of the meridian hitherto measured on the earth's surface

(with the exception of Mr. Maclear's arc). The following are the final

results:

—

a= 20,026,348 feet.

6 = 20,855,233 „
_ 1

•- 294-26 "

Theae elements give for the radius of curvature of the meridian the
following expression :

—

(>= 20,800,805—108,678 cos 2X + 227 cos 4X.

And for the length of a meridian arc whose amplitude is <p and mean
latitude A, the following value :

—

=20,800,805, ^—106,673 cos 2A sin ^ + 113-6 cos 4A sin 2^.

From the same elements the value of a mean degree of the meridian
is found to be

= 364,618-38 ±80 feet,

whence the length of the ideal mdtre

= 30-37840 ± -000324 inches.

Captain CUu-ke has subsequently shown ('Monthly Notices of the
m^al Astronomical Society,' vol. xix., page 36) that the introduction
of Mr. Maclear's value of the Cape arc into the investigation doea not
sensibly modify the final results.

The most recent investigation of the figure of the earth is due to
General Schubert. (' Easai d'une Determination de la veritable Figure
de la Terre, Mem. de I'Acad. Imper. de St. Petersbourg,' vii. serie,

torn* L, No. 6 ;
' Monthly Notices of the Royal Astronomical Society,'

ToL zx.. page 104.) His investigation is basigd upon eight arcs of the
meridian, in which the longituoM are measured eastwardly from an
Imaginary meridian SO* west of Paris.

Latitade. Longitude.

SoMtsn are . . . 45* 50" to 70" 40* 44^ S3'
iDdUn are . . . . 8 10 „ 19 SI 99 SO
Fni.cli arc . , . 3) 40 „ 41 1 SO
Cap* arc . . . ,—39 44 —94 31 S6 9
P«ni<Ua are . . , Q t „ —» i 29s 44
Pnuaiaa aro . . . t4 IS „ ii 4S 38 10
Ed(11iIi are . , . SO 37 „ 60 SO 17 40
reniuylTaolan are . , 8S 37 „ SD 36 SOO 10

Combining these ores two and two, General Sohubert obtains
twanty-sight different s*la of elaaMBts exhibiting great disoordonoas.

He is thereby led to sospagt that ths earth is not a solid of revolutioo.

If this (urmise be corteot, then all oomporisons of ores of meridian
tmder different longitudes ore inadmissible. Assuming the terrestrial

meridians to be ellipses and the minor axis to be constant for sll

meridians, he proceeds to determine the value of the minor axis by a
oomporison of two different sections of the same are. Treating the
Russian aro and the Indian aro in this way, he obtains two different

values of the minor axis agreeing nearly with each other. The mean
of the two results gives 8,261,468 for the number of toises contained
in the polar semi-axis.

With this value of the minor axis General Schubert investigates the
major axes of the meridians of the Peruvian, Kuaaian, and Indian oroi.

The following are the results obtained by him :

—

Loncitnde. Toises.

M^Jor axis of Pemvian meridian . JOS'* 44' 8,373,SSS

„ Riualan „ . . 44 3S 3,272,630

„ Indian „ . 93 20 S,37 2,381

Assuming the terrestrial equator to be an ellipse. General Sohubert
calculates its elements from the foregoing throe radii vectores, and
thus finds,

Major ieml-azls 8,373,671 ; lu lonirltiide 88° 44' or 388° 44'

Minor seml-szU S,373,SOS ; iU longitude 148° 44' or 338° 44'.

The combination of these with the polar meridisn gives ^, and ^ for

the values of the ellipticity of the two principal meridians.

With these elements General Schubert computes the radii of the
equatorial ellipse corresponding to the different arcs. These radii are
of course the major axes of the respective meridians. With the arcs

computed from these elements, and the astronomical differences of
latitude, the geodetic measures are compared. The residual differences

are as follows :

—

Aro of Meridian.

Femviaa aro

Pennsylvanian
English .

French
Cape of Good Uopo

Geodetio amplitnde.—Astronomical AmpUtnde.

. -fO"077
— « -687

. +0 -736

—1 -C07

. —0 -443
Prussian -f 1 -267

Rtmian — i '389
Indian +1 'SIS

The Pennsylvanian arc was measured entirely with rods ; it is not
entitled to any confidence. In tbe Indian arc no account is taken of
the disturbing influence produced by the attraction of mountains.

For the values of the terrestrial ellipticity deduced from oscillations

of the pendulum in different latitudes, and from the theory of the
moon's motion, see the articles Pexdi'lum and Moon.
GEOGRAPHY (a term derived from the Greek ytttypwpiai, geo-

grdphia) is a science the general object of which is to describe the
surface of our globe. Its more vpecial object is to ascertain and
describe such physical peculiarities in each country as tend to promote
or retard the increase of population and the arts of civiUsed life.

The political condition of a nation and the changes to which it is

subject are in a great degree dependent on the character of the country
which it inhabits, or of those countries which surround it. The difference

in civilisation observed in nations Uving near one another may also in a
great degree be ascribed to the same cause. Accordingly we find that
us soon as men began to apply themselves to the explanation of such
changes and differences, they were obliged to look to tlie particular

character of the countries inhabited by those nations whose history it

was their object to investigate. Geography is coeval with history. It

is as impossible to form a just idea of the events which have been
most decisive in tbe history of a nation without a knowledge of their

country, as it is to understand the movements of two armies on a field

of battle without knowing the nature of the ground which is the scene
of their operations.

The first traces of anything like a geogrophical system, in the liters,

ture of the western world, occur in the Homeric poeius. According
to the Rev. Mr. Bevan, the learned author of the department of
Ancient Geogra|)hy in the ' Manual of Geographical Science,' ws
should be warranted in saying, that these represent the state of geo-

graphical knowk'dgo down to the commencement of the 9th century,

B.O. " Not that thurs'is any methodical exposition of the views of the
age on this subject," says Mr. Bevan ; " the nature and matter of the
poems would not admit, nor lead us to expect, as much ; but the inci-

dental notices are numerous enough to enable us to picture to ourselves

the world as Homer conceived of it, and have therefore obtained for

him the reputation of being the first geographer. Uomi-r, like

many of his successors, was totally ignorant of the ipherical form of

the world ; he conceived it to be a flat circular body, the upper fooe of

wliich was the habitation of men, while the lower was the region of
Tartarus,.tho abode of the punished ffo<f«. Over the earth stretched
the vault of heaven, and round it flowed incessantly the stream of
ocean. The heaven rested in its extremities on the surface of the
earth." The ocean which surrounded the earth like the rim of a
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Bhield, is always spoken of as a river or stream, differing in character

from all other bodies of water, and yet the parent of them. The land

of Hellas was deemed the centre of the world's circle. The continents

are not distinguished as such, nor are they designated by any general

names ; for Asia applies only to the upper valley of the river Caister
;

and Europe seems to be confined to Greece, north of Peloponnesus.

Libya signifies a part of the African coast west of Egypt. We also

read of the land and river of Egypt (the name of Nile does not yet

occur), with the ancient Thebse and the isle of Pharos.

In the third volume of ' Studies on Homer and the Homeric age,'

by the Right Hon. W. E. Gladstone (1858), is an elaborate investiga-

tion, imder the head of ' Thalassa : the outer Geography of the Odyssey,'

of the terrestrial system of Homer, of which he has constructed a map
accompanying the volume. He infers, however, that in Homer's esti-

mation the form of the world was not circular, but oval, having a

shorter diameter from east to west than from north to south. In the

map it has the form of a parallelogram with rounded angles, equally

satisfying the condition of unequal diameters, and agreeing with the

oblong form of the shield in the time of Homer; our information

respecting the figure attributed to the earth being derived by implica-

tion from the form of the shield of Achilles. The outer geography
consists, first, of a great mass of fabulous and imaginative geographical

elements; and, secondly, of certain forms of sea and land, genuine,

and though wholly or partially misplaced, yet recognisable by their

general likeness to their originals in nature. The Greek world of

geography proper, as described above, is the inner one. The whole
strongly reminds us of the Chinese map of the world.

In the age of Hesiod (800 B.C.) the knowledge of geography had
considerably extended, particularly towards the west, a general im-
provement in the notions of European locaUties having taken place

;

the Nile also is mentioned under its proper name, and the south of

(the ancient) Africa had become the recognised abode of the .(Ethio-

pians, whom Homer had placed in the east and west. The close of

the 7th century witnessed the first essay at maritime discovery, in the

well-known attempt of the Phoenicians to circumnavigate Libya ; but
the circumnavigation of Africa always remained a problem to the

ancients, much in the same way that the north-west passage has been
to navigators in modem times. The merit of the discovery of the

tphericai form of the earth is due to the Pythagoreans, who came to

that conclusion from astronomical observations, but whether Pytha-
goras himself was aware of the truth is imcertain ; it was not received

generally In Greece until the age of Plato. The logographers, or

legend-writers, now contributed most signally to the advance of prac-

tical geography by the descriptions they gave of various quarters of

the globe. There were many others who wrote accounts of their own
travels, among whom was Himilco, " whose narrative," says Hr. Bevan,
" is to a certain extent preserved to us in the works of Avienus. He
discovered the British isles, Albion, and leme, and mentions the
(Estrymnrides, SciUy Islandt, which he calculated a four months'
voyage from the coast of Tartessus." In the works of .fschylus we
find the opinions of the age in which Herodotus lived, before his

geographical system had been accepted. They represent the world as

a circular (?) body, with Delphi in the centre, surrounded by the ocean,
which is rightly deemed a sea, and not a river. In place of the lim
sides of the world, we hear of the four quarters, north, south, east, and
west. We further find that he adopted the division of the land into

three continents ; the river Phasis separating Asia, and the Straits of

Hercules Libya, from Europe.
Herodotus, the father of history, is likewise the father of geography,

in the sense that his writings formed the commencement of a more
real and enlightened system, the materials of which, as will presently
he shown, were drawn from actual observation and scientific research.
His geographical descriptions are short and general, but always clear,

and sufficient to show how far the physical peculiarities of each country
influenced the changes and events which he had undertaken to com-
memorate. When he found that a country was characterised by
atriking peculiarities, he described them at considerable length.

Instances of this are his description of Egypt in the second, and his
description of the Scythians snd their country in the fourth book.
From the prehminarj- chapters on the life and writings of Herodotus,

prefixed to the new English version of his history, by Mr. Rawlinson
(1858), it appears that his active and inquisitive turn of mind led him
at an early age to engage in travels, the extent of which, combined
with their leisurely character, clearly shows that a long term of years
must have been so occupied. Herodotus visited Babylon, Ardericca
near Susa, the remoter parts of Egypt, Scythia, Colchis, Thrace,
Cyrene, Zante, Dodona, and Magna Uraeoia; thus covering with his
ti^vels a space of thirty-one degrees of longitude (above 1700 miles),
from east to west, and twenty-four of latitude (1660 miles) from north
to south. " Within these limits, moreover," Mr. Rawlinson observes,
" his knowledge is for the most part close and accurate. He has not
merely paid a hasty visit to the countries, but has examined them
leisurely, and is familiar with their scenery, their cities small and large,
their various wonders, their temples, and other buildings, and with
the manners and customs of their inhabitants. 'The fulness and
minuteness of his information is even more remarkable than its vride
range, though it has attracted less observation. In Egypt, for instance,
he has not contented himself with a single voyage up and down the

Nile, like the modem tourists, but has evidently passed months, if not

years, in examining the various objects of interest." In fact, to what-
ever extent he was indebted to earlier authorities for his preparatory

culture, the real source of almost all that he has delivered to us in the

shape of geographical description, was personal observation and inquiry.

His accounts of countries are, in the great majority of cases, drawn
from his own experience, and are full or scanty according to the time
which he had spent in the countries in making acquaintance with their

general character and special phenomena. Where he has not travelled

himself, he trusts to the reports of others, but only, to all appearance,

of eye-witnesses. If in any case he gives mere rumours which have
come to him at second-hand, he is careful to distinguish them from
his ordinary statements and descriptions. He seems to have been
indefatigable in laying under contribution all those with whom his

active and varied Ufe brought him in contact, and deriving from them
information concerning any regions imvisited by himself, with which
they professed themselves acquainted." By these means, concludes the

latest interpreter of, and commentator upon, Herodotus, " he gathered

the materials for the geographical portion of his work."

There is, however, something vague in the descriptions of Herodotus,

for want of a means of referring to the position of places as determined
by astronomical observations. Herodotus, indeed, was apparently not

fully acquainted with the state of science, and pai'ticularly astrono-

mical knowledge, as it existed in his age. Thales had some time before

calculated an eclipse of the sun, and from his epoch astronomy attracted

the attention of the Greek philosophers, and facta in this science began
to accumulate. It was, however, soon evident that most of these facts

lost a great part of their value, from the circumstance of the position

of places not being ascertained. Astronomers, therefore, were led to

devise a method of fixing the latitude and longitude of a place ; and
though this method, when compared with our practice, was extremely
rude and imperfect, yet it must be considered as having materially con-

tributed to the improvement of geography. With the help of such
astronomical obser^'ations as were made by his predecessors or himself,

Eratosthenes formed the first system of geography founded on a basis

which in some degree approached to truth. He determined the geo-

graphical position of a great number of jilaces, many of them hardly

known to Europeans ; but these determinations were often founded on
vague information, and consequently were in a gre.at degree conjectural.

Still his map gave a much truer image of the figure of the world than
philosophers had formed before him, as he took care to subject his

information to a strict examination.

While his successors were slowly improving his work, the historians,

following up the plan traced by Herodotus, enriched geography with
the description of those countries which at the time of the historian of

Halicamassus were not known, or at least only imperfectly known in

Greece. Among these historians Polybius deserves particular mention.

His geographical descriptions of the countries which inclose the western
portion of the Mediterranean Sea are as good as, if not superior to,

those by Herodotus of the countries between the Caspian Sea and the

Gulfs of Persia and Arabia. About this time, or shortly afterwards, it

would seem that several persons imdertook travels into remote coun-

tries, in order to investigate thefr physical character, and to ascertain

the accuracy of such information as had reached them by hearsay.

The most conspicuous among these atlventurers was Posidouius. Like
Alexander von Humboldt, he went to the then remotest accessible part

of the earth, to Iberia, which was as noted for its mines of the precious

metals as South America and Mexico are in our times ; and though
only a small portion of the information which he collected has come
down to us, he seems to have paid great attention to nearly all the

objects of inquiry which the German philosopher has investigated.

The geographical information collected by these eminent travellers

and many others of less note was scattered over a great number of

works, access to which, in the circumstances of those times was neces-

sarily difficult. Strabo, a native of Asia Minor, who wrote in the time
of Augustus and Tiberius, undertook to incorporate in one work those

scattered materials, and to add the information which he had acquired

in his own travels. His object, according to his own declaration, was
to compose a work which should be useful to those employed in the

administration of countries. He accordingly discarded everything

which was only of temporary importance, and described each country

according to its permanent physical character. In a few words he
informs his reader of the extent of each country under description, and
its chief political and historical divisions. Passing on to the detailed

description of these divisions, he follows much more nearly the course

of our modem travellers than that of our geographers. Mountains,

plains, valleys, rivers, and towns keep their true position with respect

to one another
;
productions and climate are mentioned in their proper

place. A few short observations on the commerce and the articles of

export conclude his description. By this judicious arrangement the

sagacious Greek geographer avoided causing to his readers that weari-

ness which every one experiences in perusing common geographical

books, in which every object is, as it were, rooted out from its natural

place and transported to a foreign spot. We cannot help thinking that

the method of treating geography adopted by Strabo ought still to be

considered as a model, and ought to be again introduced into works of

this class : the late Charles Ritter, in his justly esteemed geographical

works, strictly adheres to the plan of Strabo.
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Wlulat the geognphy of Strabo wu extaiiMTely uied all over the
Bonuui world, tha utronomical achool of Aloumdrim oontinued collect-

ing nuteriola for tha purpose of completing and perfecting the syateni

of mathematioal goognqihT frmmad by Entosthenee. Tbew ooUeotiona

«n«hlwl Ptolamy to toim bia Oeography, which is hardly anything elae

but • catalogue of plaoea according to their eatimated or det«nnined
geo^pbieal poaition. In ita time it was certainly a very useful work,
but ita value to ua consists chiefly in showing how far the Oreeks bad
cairied their knowledge of the surface of uic glube. iVom the time
of Ptolemy up to the Hth century scarcely anything was added to what
be left b^ind him.
The downfal of tha Roman Empire, and the occupation of Western

Europe by barbarous nations who were luuxlly acquainted with the
eloments of civilised life, suddenly extinguiihed all scientific research.

Ifaa^ oaoturiea elapaed before these natioua made such progress in

oiriliaation as to enable them to turn their attention tu science.

Oaography, which shared the fate of the other sciences, was, however,
rerived sooner than the rest, and the circumstance which led to this was
the publicitiou of the travels of the Venetian, Marco Polo. Though his
accuuntj were rejected by his countrymen as mere tictiotu, or .it any
rate were treated as great exaggerations, some German scholars at

Numberg took a different view of them. As Nuniberg at that time was
one of the greatest trading places on the Contineut, and for that reason
eloaely connected with the first commercial houses of Venice, these
leamwi man aoon procured a copy of Marco Polo's travels. For the
other countries of the world, taking Ptolemy as their basis, they intro-

duced the principal'geographiiMl (atU ront-iined in Polo's travels into
their globes and maps, as ,in addition to the knowledge transmitted by
the astronomers of Alexandria. But Marco Polo had made no astrono-

mical observations, nor had he even mentioncxl the length of the
longest day at any place. The German geographers were therefore

obliged to determine the extent of the countries which he had traversed
by his vague estimates of days' journeys ; but the length of these
journeys was greatly exaggerated by them, as they were entirely

tmaoquainted with the peculiar character of Eastern Asia. The con-
sequence of this was, that on their maps and globes Asia extended over
the whole of the Pacific, and its eastern diores were placed very
nearly where the Antilles are situated. This error of the geographical
achool of Niimberg was attended with very important cunse^iuences.

Columbus, relying on their estimates, considered that the shortest way
to arrive at the eastern parts of Asia would bo by sailing to the west.

He found America ; but the same school of geographers whose errors

had induced him to venture on such a voyage deprived him ako partly
of the honour due to his great discovery. Baron von Humboldt proved
that the very slow and insecure communications which then existed
between Spain and Germany brought the nen-s of the discovery of the
Kew World to the geographers of Germany, with the names of

Columbus and Americo Vespucci together, and that the Germans
thought that Americo was the true discoverer of the new continent,
which accordingly obtained from them the name of America, a name
that has become imiversaL

The details of this subject will be found in Humboldt's elaborate
work entitled ' A Critical Examination of the Histonr of the Geography
of the New World, and of the progress of Nautic^ Astronomy in the
15th and 16tb centuries.' It is an immense digest of the geographical
information of the later periods of classical antiquity and of the midtUe
agea aa well as of the times to which it more expr&ssly relates. Many
important results of the investigation have also been given by the
author in his ' Cosmos.'

The first half of the 16th century was entirely employed in discover-

ing the extensive coasts of America, and the countries and islands

lying along it, and in the Indian Ocean ; and geographers were fully

employed in inserting these new discoveries in their maps according
to such determinations of ]iositions aa they could obtain. In all the
geographical works written during that century this characteristic is

obaerrable. They reaemble much more the geography of Ptolemy
than that of Strabo. But what could geogrsphei« then know of the
interior of countries whose very coasts were yet hardly laid down with
accuracy even in a few phuxa >

In the mean time the other sciences had been revived and with
them also the study of antiquity, which gave a different tuni to the
study of geography during the 17th century. Many persons well in-

formed in ancient history visited Greece and the countries of Western
Aaia, with the view of examining those parts which had once liecn the
theatre of great events. Such hisloriral travellers were very numerous
during the second half of the 17th and the first half of the 18th
oanturr ; and though at first they confined their researches chiefly to
auoh plaoea aa had obtained acme liixtorical celebrity, they afterwards
extended their views to tha physical character of the countries in
which such places were situated, and gave us some excellent dcacrip-
tions of them, such as we find in the travels of Chanlin, Shaw,
Poeocko, Chandler, and Carsten Niebuhr. Theae travels greatly con-
tributed to the improvement of geography as a adanoa. They brought
history and geography ag^in into close connection. Before this time
geographical worka contained hardly anvthing beyond a dry catalogue
of namea of plaoea, rivers, and pohtical divisions. But in describing
the still existing ruins of places celebrated in ancient history geo-
graphers were compelled to go back to thooo ancient authors who bad

treated of these places, and thus a part at leoat of the geographical

knowledge of Herodotus, Polybius, and Strabo, waa transplanted into

our modem geographical treatiaea. Thna a great deal of very intereat-

ing and useful matter found ita way into treatiaea on geography, whidl
bad hitherto been entirely excluded, partly becauae it had not been
known, and partly becauae it had beoi ooosidered aa foreign to the

object of the acience. If any person will take the trouble tu examine
any of the geographical works of the middle of tlie 17th and 18th

centuries, he will find that more than three porta out of four of

their contents have changed in the course of 100 year*.

Still the science of geography remained in a very imperfect state.

Only a few si>ots in each country had been described with any degree

of precision. The peculiar character of an entire country, and of its

component parts, had ne^-er been made a subject of inquiry. It

had never been a subject of investigation, how far the )>hysical cha-

racter of a country was favoural>le or adverse to the civilisation of its

inhabitants. This has now in a great degree been effected by the

naturalists and other men of science, who during the last and the

present century have visited nearly every part of the globe. In course

of time the researches of travellers and voyagers have thus been ex-

tended to a greater number of new objects. At first they limited their

labours to the extcnxion of Natural History, adding a few observations

on the countries through which they passed. Thus Toumefort, who
travelled through Asia Minor, Armenia, and Persia, may be considered

as the first travelling naturalist. But by examining ue natural pro-

ductions of a country, travellers were insensibly led to an investigation

of their climate. In their attempts to eatabUab the mean temperature
of different places, and its effects on vegetation and animal life, they
soon )>crceived the great influence which a variation in elevation above
the level of the sea has on both. Thus they gradually learned that

nearly every country is divided by nature into a smaller or greater

number of parts materially differing in climate and natural prtxluctions.

The knowledge of this fact mainly contributed to give geography a
new character, and to introduce new and important elements into the
geographical descriptions of countries, such aa we find in the works of

PalKis, Dr. Kroncis Buchanan Hamilton, and Alexander von Humboldt.
What these great men, and several of their less distinguished prede-

cessors, did, and what their eminent succeasora, such as Dr. Bebe,
Prof. James Forbes, Dr. Thomas Thomson, Dr. Joseph D. Hooker,
Mr. A. li. Wallace, and others, have continued to do, for the countries

out of Europe, has been accomplished with equal success for the
European continent by the labours of numerous excellent writers.

Geography, then, in its present f<tate, and in its practical application,

has for its object the determination of all those facts, as to any given
country, which will enable us to judge of its fitness to provide man
with food, and to promote his civili^tion. As a science, its object is

to deduce, from all the observed phenomena within its sphere, those
general principles which enable us from certain known facts, aa to any
given country, to infer otbere not ascertained, and which indicate what
are, as to each portion of the earth, the proper objects of inquiry. It

is not every part of a country that possesses equal advantages for the
habitation of man. Some parts are more favoured by soil and climate
than othera. There arc also tracts which are inferior in both respects,

but by the aid of other advantages, especially those of easy communi-
cation, have risen to a higher degree of prosi>erity and cultivation than
many others in their neighbourhood which are more favoured in soil

and climate. No correct knowledge of a country can be acquired
unless the parts of it which ore distinguished by their natural lulvan-

toges or disadvantages are separated from each other, and unless a
particular description is given of each, with its extent, and the pro-

I>ortion which it bears to the whole country. The firat business of

the geogn^her then must be to make this se|>aration. His next
business is to give a particular description of each of these natural
divisions, beginning with the most essential fact, ite elevation above
the sea. If it is a valley, he notices iU elevation at its origin and
its termination, observing where its descent is regular and gradual,

and where it declines with greater rapidity. If it is a pbtin, he
notices at least its mean elevation, and observes in what cases it

extends in a flat levd, and in what cases it has an undulating

surface; also if a smaller or larger (wrtion of it is covered with
swamps. This description of the surface is followed by that of the

water-courses or drainage. After determining the sources of a stream,

and the direction and length of its course, he mentions the amount of

depression of its bed l>elow the general surface of the valley or of the

plain ; and when it drains a plain, if there are bottoms or river-valleys

formed on the surface of the plain, he mentions also the general extent

of these bottoms. The distance to which a river is navigable is the

next object of inquiry : if there are any natural impediments to the

navigation, and if any successful attempts liavo been made to remove
them, these facta alio re(|uire mention. The extent of surface drained

by each river, or by all the streams which ultimately unite in one
ohaimel ; in other words, the extent of each river-basin, must also be
ascertained. Next follows the climate. Here two )K>inte esi)ecially

are to be attended to : the temperature of the air and the qu.intity of

rain which falls, and of moisture in the atmosphere. As for the tern-

|>erature of the air, not only the mean annual temperature is to be

given or ascertained, but also that of the different seasons, and the

regularity or irregularity of ite changes, as such changes generally
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affect the health of the inhabitants in a sensible degree. As to moisture

or rain, not only the annual quantity that falls should be noticed, but
also its distribution at the different seasons. The character and the

duration of the seasons must also be observed, and the prevalent

winds ; and especially the effect of the seasons on the progress of vege-

tation. It is necessary to know all these facts before a just notion can

be formed of the fitness of any given tract of country for providing a

population with food. And this capability of a country for the pro-

duction of food,— or, in other words, its capabilities for agricultural

purposes, is one of the most useful branches of geographical iuf^uiry.

The nature of the soil, and its fitness for different productions adapted
to the climate of the tract, are therefore matters of primary importance
in a geographical description. It is here proper to enumerate those

objects of agriculture which are raised for food and as materials for

clothing, and the proportion between the labour which they require

and the value of the produce ; and, in the next place, sucK productions
as could be raised with ease and advantage, but which are not culti-

vated to any extent. Those objects which form articles of export, and
enter into the market of the world, also claim a notice ; and also such
indigenous plants as are either of some use in the domestic economy
of the inhabitants, or furnish a commodity for 'foreign trade. It is not
the business of the geographer to enumerate all the particulars which
constitute the botany or zoology of a district, for that would enlarge

his science beyond all bounds and encroach upon the limits of others :

the principle that must guide him in determining how much and what
he must include in his geographical description of the botany and
zoology of a country, will always be Indicated by the question, Does
the thing or object inquired after materially influence the capabiUty of

the country as a place fitted for the residence of man ? Besides the
useful domestic animals, it is only necessary to mention such wild ones
as are useful to the inhabitants, either by providing them with food

and clothing, or by supplying an article of commerce : and these ani-

mals only need be mentioned when they are found in great numbers.
As for the mineral wealth of a country, the notice of that will be
limited to those substances which are worked for the use of the
inhabitants or for exportation.

In this way we conceive the geographer ought to describe in detail

each natural division of a country ; and when he has described two
such tracts which are contiguous to one another, he must point out
the boundary-lines by which nature has separated them, and the ob-

stacles which she has placed to their mutual intercourse. If he finds

that such boundary-lines are formed by mountain ranges, he has to

notice their mean elevation, and likewise that of the motmtoin-passea

by which the dividing range is crossed. He must also add what
natural productions of the range contribute to the sustenance or

comfort of the inhabitants of the adjacent tracts. AVhen the
range has numerous offsets and extensive valleys, and consequently
occupies a considerable part of the country, he must treat it as a

leparate natural division, and describe it in detail like any other
natural division.

When the geographer has described erety natural division of a
country in this way, and incorporated in bis description the best

attainable information on all the above-mentioned points, we think
that he has done his duty, and may consider his labour as terminated.
But our geographical treatises still contain other matter, which is not
comprehended within the above enumeration of objects belonging to

the science of geography. This extraneous matter is taken either from
statistics, or from what is popularly called natural philosophy or from
history ; and it ought to be considered how far it is expedient to admit
such matters into geographical treatises.

The knowledge of a country would properly be considered as incom-
plete without a general notion of the most important commercial and
manufacturing towns within it. Such towns must therefore be
mentioned, and at the same time it should be stated how far

they facilitate the intemjil and external intercourse of a country.
The political divisions of the country may be added or omitted

;

when added, they should be mentioned briefly, and in a very general

way. Good maps supply any deficiency in geographical works in this

respect.

We do not venture to exclude entirely from geographical works all

mention of natural phenomena peculiar to a country. Some of these,
as volcanoes and earthquakes, though they do not exercise a permanent
influence on the welfare of the inhabitants, are freq\iently destructive
of property or life, or of both. For that reason they ought to be
noticed. Such phenomena as warm or mineral springs seem also to

claim a notice, especially if distinguished by peculiar characters, as the
Geysers in Iceland.

Itas more difficult to determine how far it is proper to describe the
remains of antiquity in geographical works. When the ruins of a
great city still exhibit remarkable traces of its ancient grandeur, they
certainly cannot be altogether excluded. But the true solution of
these and other diflScuIties of the kind that may be suggested as to the
matter admissible into a geographical treatise, seems to be this :

these subjects are tpeciaUict, and if they belong to geography at all, do
not belong to it as necessary component parts of it, but stand to it in
such a relation as to admit of being introduced or omitted according to
the taste and judgment of the writer, who in this, as in all branches of

knowledge whose boundaries are incapable of precise determination,
ABTS ASfD SCI. DIT. VOL. IT.

will show his good sense and his clear comprehension of his subject as

much by what he omits as by what he takes in.

The political institutions of a country belong to its history, and not
to its geography, and ought certainly to be excluded from geographical
treatises, though they form a necessary part of most statistical and o£
all historical works. In the Admiralty ' Manual of Scientific Inquiry,'

third edition (London, 1859), will be found the views which are
suggested by the recent rapid progress of geographical science, on
the princiiJal points to which, in respect of geographical investigations,

the attention of travellers should be mainly directed, embodied in an
article by Mr. W. J. HamHton, F.R.S., some time President of the
Koyal Geogiaphical Society of London.
The local subjects of Descriptive Geogiaphy constitute in their

alphabetical arrangement the Geographical DnisiON of the English
Cyclop.bdia. The subjects of Physical Geography, considered as

objects of science, such as Deserts, Forests, Modntains, Rivers,
&.C. wiU be found in their proper alphabetical places in the present

division ; and those belonging to the Geographical Distribution of

organised beings have been given under their appropriate heads in

the Natural History Division. [Astronomy ; Chart ; Climate ;

Geodesy.]
GEOMETER, a person who is skilled in geometry ; but the term

had its meaning settled at the time when geometry was by very much
the most important branch of mathematics : and now it generally means
mathematician. For instince, the French (who make considerable use
of the term) call Laplace tin giomUre, though his writings are exclu-

sively algebraical. The term must then be imderatood to signify

simply mathematician.
GEOMETRICAL. Of this term, as opposed to algebraical or arith-

metical, nothing need be said ; but the peculiar conventions of geometry
oppose it most frequently to the term mechanical. Every construction

which can be made by the ruler and compasses, that is, which demands
no points except such as can be found by the intersections of straight

lines and circles, is yeometrical : every construction which requires any
other curve, or which tacitly requires such a motion of a straight line

or circle as would generate any other curve, is mechanical. The reason
is that it pleased the Greeks to use these terms as distinctive of the
things which can and cannot be done by the straight line and circle

only : a real and important distinction with an unfortunate name.
For though names, when clearly understood, are of little consequence,
yet this convention of geometry has caused many to waste their time
and misapply their talents. A man, for instance, not well versed in

mathematics, hearing that a yeometrical quadrature of the circle has
long been sought, and never been found, sets his invention to work,
easily discovers a (mechanical) method of proceeding, and imagines
that everything is geometrical which employs Unes, solids, &c. in

space.

The conic sections were not considered by the Greeks as geometrical
instruments. Several writers speak as though the contrary had been
the case; but it is certain that the solution by Menechmus of the
problem of two mean proportionals, which employs the parabola, was
not considered by Eutocius (who records it) as more geometrical than
the others which he gives.

GEOMETRICAL PROGRESSION, PROPORTION, &c. [Pro-
gression, Proportion, &c.]

GEOMETRY (yf<i>tuTpta,geomitrla,oT land-measurement), the science

which investigates the relations existing between parts of space, whether
linear, superficial, or solid. But at the same time, the most common
meaning of the word implies that the investigation is to take place

under restrictions as to the instruments which may be employed. Of
this we shall see more when we come to the geometry of the Greeks

;

in the meanwhile, geometry may be generally defined as the science

of space. The closeness of the connection between geometry, and
Euclid its founder, has made the two names almost identical. Although
therefore, a part of the present article has been given in the Bioo. Div.
under the name of Euclid, it is repeated here with some additions.

As geometry is in all probabiUty the most ancient subject to which
actual demonstration was applied, we may thus account for the per-

manent association which has always existed between the idea of this

science and that of rigorous deduction. To reason geometrically is a
synonyme for to reason strictly : but abandoning this particular

view of geometry, we shall devote the present article principally

to such an imperfect sketch of the early progress of the science as

its meagre history, combined with the narrowness of our limits, will

allow.

There is a stoch history of the rise of geometry, supported by the
names of Strabo, Diodorus, and Proclus, namely, that the Egyptians,
having their landmarks yearly de8troye<i by the rising of the Nile,

were obliged to invent an art of land-surveying in order to preserve

the memory of the bounds of property ; out of which art geometry
arose. This story, combined with another attributing the science

directly to the gods, forms the first light which we have on the subject,

and both in one are worthily sung by the poet who figures at the head
of an obsolete English course of mathematics :

—

** To teach weak mortals property to Bcan,

Down came geometry and formed a plan."

There is no proof whatever that the Egyptians were more of geometers
II B



an OKOMETRT. OEOMETRT.

than of utroDoiiMn [Ai>TR050>rT], and tha luppodtion that the Hm
id tiic Nile obUged the builden of the p.TTamid> to make new land-

Biarka onra a year, requires at leaet oonttnnporary eridenoe to moke it

hktorjr. At the nma time, the queetian of the actual orisin of gi-o-

tMHrj it a rerjr difficmlt one, and any ooooluiion can only be of rery

Blod«nt« (irobabillty.

Among the Chineae, the Jesuit mUaionarie* found very little kno\r-

bdge of the propertiea of ipaoe ; a few rule* for mensuration , and the

Ausout property of the right-angled triangle being all that they could

Moertain. Of all the book* which Oaubil could And prufeming to be

Writtan before B.a S06, there in only one which containe anything

immediately connected with geunietnr. From this writing (called

Tdkeoa-pey) it ia not vt-ry certain whether the Chiheae poaaaaaed the

pfupeiiy of the right-angled triangle generally, or only one particular

eaae ; Hkmoly, when the lidea are 3, 4, and 6 : and nothing appeon
whi<^ directly or indirectly renemblea demonstration. The Hindoos

produce a much larger body of knowledge, but of uncertain date.

The worlu of Brahmegupta and Bhaaoara, of the 7th and 12th centuries

after the Chrietinn era (according to Colebrookc), contain a system of

arithmetical mensurntion which is certainly older than the compilers

mentioned, and in which the property of the right-angle<l triangle is

made to produce a considerable number of results ; for instance, the

method of finding the area of a triangle of which the three sides are

given. By a figure drawn on the margin of some manuscripts, it

^>pean wat a demonstration of the property in question had been
obtained. [Htpotubxusb.] The circumference of the circle is given

as bearing to the diameter the proportion of 3927 to 1250 by the latter

writer; being exactly that of 3.1416 to 1. Brahmegupta takes the
proportion of the square root of 10 to 1, or 8'16 to 1. The superior

correctaeas of the later writer coidd not have arisen from any inter-

mediate communication with Europe, since the true ratio was not
known so near as 8'1416 till after the 12th century; and the Persians

(as appears by the work of Mohammed ben Musa) bad adopted this

ratio from the Hindoos, before the discovery -of an equally exact ratio

in Europe. This subject is noticed more in detail in the article Viqa
Oanfta in the Bioo. Div. ; here we merely observe that though no
date can be fixed to the commencement of geometry in India, yet the

certainty which we now have that algebra and the decimal arithmetic

came from that quarter,' the recorded visits of the earlier Greek
philosophera to Hindostan (though we allow weight rather to the ten-

dency to suppose that philosophera Tisited India, than to the strength

of the evidence that they actually did so), together with the very

striking proofs of originality which abound in the writings of that

country, make it essential to consider the claim of the Hindoos, or of

their predecessors, to the invention of geometry. That is, waivlng.the

question whether they were Hindoos who invented decimal arithmetic

and algebra, we advance that the people which first taught those

branches of science is very likely to have been the first which taught
geometry ; and again, seeing that we certainly obtained the former two
either from or at least tlirough India, we think it highly probable that

the earUest European geometry also came either from or through the
une country.

Of the Babylonian and of the Egyptian geometry we have no
remains whatever, thoogh each nation has been often said to have
invented the science. In reference to the authorities mentioned above
in bvour of the Egyptians, to whom we may add Diogenes Laertius,

Ao., wa may aay that no one of the writera who telLs the story in

question is known as a geometer except Proclus, the latest of them all;

iltd a* if to give the assertion the character of an hypothesis, this last

writer also adds that the Pheniciana, on account of the wants of their

commerce, became the inventors of arithmetic. In the Jewish writings
there is no trace of any knowledge of geometry. So that allowing the
Greeks to have received the merest rudiments either from Egypt or
India, or any other country, it is impossible tf) name any quarter from
which we can with a shadow of probability imagine them to have
received a deductive system, to ever so small an extent. That their
geometry, or any of it, came direel from India, is a supposition of some
difficulty : those who brought It could hanlly have failed to bring
with it the decimal notation of arithmetic. That Pythagoras
travelled Into India, is (according to Stonlev) only the assertion of
Apuleius and Clemens Alexandrinus, though rendered fprobable by
several of his tenets : the better authorities carry him no farther
than Egypt.

Tbales (800 B.c.) and Pythagoras (640 B.C.) founded the earliest
schools of geometrv. The latter is said to have sacrificed a hecatomb
when he discovered the projierty of the hjixithenuse before allud^ to,

and this silly story is repeated whenever the early history of geometry
is given. A large collection of miscellanies might easily be made from
the works of writera who were not themselves acquainted with
geometry ; but, rejecting such authorities, we shall content ourselves
with citing Pappus and Proclus, both geometers, who, living in the
foarth and fifth centtiries nftcr Christ, liad abundant opjmrtimities of
haaring the stories to which wo allude, and of receiving or rejecting
them.

According to Proolus (book ii. oh. 4, Comm. in Euol.) Pythagoras
was the first who gave geometry the form of a adence, after whom
came Anaxagoras, (Enopides, Hippocrates of Chios (who inventtxl the
well known quadrature of the lunules), and Theodorui of Cyrene

Pkto was tha nest great advaooer of the aoienoe, with whom were
oontemporaty Leodauaa, Arehytaa, and Thentetus, of Thasus,
Tareotom, and Athena. After I^Midainaa came NeoeUdes, whose
disoipla Leo made many diaoorrrles, addad to the aoouraoy of the
elements, and gave a method of deciding npon the possibility or
impossibility of a problem. After Leo came Eudoxus, the friend of

Plato, who generalised various results which same from the school of
the latter. Amyclas, another friend of Plato, and the brother*

Henachmus and Dinostratus made geometry more perfect. Theudius
wrote excellent elements, and generaliwd various theorems. Cyridnus
of Athens cultivated other parts of mathematics, but particularly

geometry. Hermotimus enlarged the rMulta of Eudozua and Thetetetus,

and wrote on loci. Next is mentioned PhiUppus, and after him EucUd,
'who was not much younger than those mentioned, and who put
together ele^ients, and arranged many things of Eudoxus, and gave
unanswerable demonstrations of many things which had been loosely

demonstrated before him.' He lived tmder we first Ptolemy, by whom
he was asked for an easy method of learning geometry, to which he
made the celebrated answer that there was no royal nnd. Ha was
younger than the time of Plato, and older than Eratosthenes and
Archimedes. He was of the Platonic sect.

Such is, very nearly entire, the account which Proclus gives of the

rise of geometry in Greece.

Before the time of Euclid demonstration had been introduced, about
the time, perliaps by the instrumentality, of Pythagoras ; pure geo-

metry had been restricted to the right line and circle, but by whom is

not at all known ; tha geometrical nnalyfiis, and the st\u1y of the conic

sections, as also the consideration of the problems of the duplication of

the cube, the finding of two mean proportionals, and the triseotion of

the angle, had been ciUtivated by the school of PUto ; the quadrature
of a certain circular space had been attained, and the general problem
suggested and attempted by Hippocrates and othera ; a curve of double
curvature had been ima^ned and used by Archytas ; writings existed

both on the elements, and on conic sections, loci, and detached
subjects. The little that is known of the biography of EucUD or
Alexandria, will be found in the Biog. Drv.

Besides the Elements, Euclid wrote, or is supposed to have written,
the following works ;

—

1. 'XiyypamM Vtviaplur, a treatise on Fallacies, preparatory to
geometrical reasoning. This book, mentioned by Proclus, does not
now exist, and there is no Gi-eek work of which we so much regret

the loss. Had it survived, mathematical students would not have
been thrown directiy ujKin the Elements, without any previous
exercise in reasoning. [Mathematics.]

2. Four books of Conic Sections, afterwards amplified and appro-
priated by Apollonius, who added four othen. So says Pappus. That
Euclid did not write any books on conic sections—that he wrote these
of Apollonius is wholly incredible—appean to us more than probable
from the silence of Proclus the Platonist, who, eulogising Euclid the
PLktonist, and stating th.it he wrote on the regular solids (a part of

geometry cultivated by the Platonists), Iwing led thereto by I'latunism,

never mentions his writing on the still mure Platonic subject of

the conic sections. But that Aristtcus had written on the subject
is known, and that Euclid taught it cannot bo doubted, any more
than that Apollonius, like other writera, prefixed to hhs own dis-

coveries all that he judged fit out of what was previously known on the
subject.

3. n(f>l ^teupdrntr, on Divisions. This work is mentioned by Proclus
in two words. John Dee imagined the hook of Mohammed of Bagdad
(which is anncxe<l to the English edition of Euclid lierciniifter cito<l)

on the divisions of sur&oes to be that of Euclid now uudfr considera-

tion ; but there seems to be no gromid for this notion. The Latin of

this work (from the Arabic) is given at the end of Gregory's Euclid,
together with a fragment ' De Levi et Ponderoso,' attributed, without
any foundation, to Euclid.

4. Tltpl ropla/tttTKf, on Porisms, in three books. This is mentioned
both by Pappus and Proclus, the former of whom gives the enunciations

of various propositions in it, but the text is so corrupt that they
can hardly be understood. On this singular question, see the article

PORISM.
6. Ttdroy itphs iti^tiiw, Locorum od Superficiem : which we can-

not translate. It is mentioned by Pappus, but has not come don-n
to us.

The preceding works are either lost or doubtful ; those which follow

all exist, and are contained in Gregory's edition, in the order inverse

to that in which they are here mentioned.
6. 'OiTTiKa Kol KceroirrpiKi, on Optics and Catoptrics. These books

are attribute<l to Euclid by Proclus, and by Marinus in the pmfoco to

the Data; or rather books on these subjects. Savile, Gregory, and
others doubt that the books which have come down to us are those of

Euclid, and Gregory gives his reasons in tha preface, which ,ire—that
Pappus, though he demonstrates propositions in optics and also in

astronomy, and mentions the Phenomena of Euclid with reference to

the latter, does not mention the Optics with reference to the former

—

and that there are many crron In the works in question, such as it is

not likely Euclid would have made. Proceeding on the supposition

that rays of light arc carried from the rye to the object, the firet of these

books demonstrates some relations of apparent .magnitude, nod shows
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how to measure an unknown height by the well-known law of reflected

light. In the second an imperfect theory of convex and concave

mirrors ia given.

7. ^cumufva, on Astronomical Appearances, mentioned by Pappus,

and Philoponus (cited by Gregory). It contains a geometrical doctrine

of the sphere, and though probably much corrupted by time, is un-

doubtedly Euclid's.

8. Kototom)) kovSvos and eiVoTury)) apfiouiKti, the Division of the Scale

and Introduction to Harmony. Prochis mentions that Euclid wrote

on harmony, but the first of these treatises is a distinct geometrical

refutation of the principles laid down in the second, which renders it

unlikely that Euclid should have written both. The second treatise

is Aristoxenian, while the first proceeds on principles of which

Gregory states he never found a vestige in any other writer who was

reputed anterior to Ptolemy {to whom he attributes it). The second

treatise is not geometrical, but is purely a description of the system

mentioned, and as this treatise is not alluded to by Ptolemy nor by
any previous writer on the subject, it ia very probable that Euclid did

not write it.

9. ^(iofifva, a book of Data. This is the most valuable specimen

which we have left of the rudiments of the geometrical analysis of the

Greeks. Before a result can be found, it should be known whether the

given hypotheses are sufficient to determine it. The appUcation of

algebra settles both points ; that is, ascertains whether one or more
definite results can be determined, and determines them. But in

geometry it is possible to propose a question which is really indeter-

minate, and in a determinate form, while at the same time the methods
of geometry which give one answer may not give the means of ascer-

taining whether the answer thus obtained is the only one. Thus the

two following questions seem equally to require one sjHMsific answer,
to one not versed in geometry :

—

Given, the area of a parallelogram, and the ratio of its aides;

required, the lengths of those sides : and
Given, the area of a parallelogram, the ratio of its sides and one of

its angles ; required, the lengths of the sides.

The first question admits of an infinite number of answers, and the

second of only one ; or in the language of Euclid, if the area, ratio of

ides, and an angle of a parallelogram be given, the sides themselves
are given. The same process by which it may be shown that they are

given serves to find them ; so that the Data of Euclid may be looked

upon as a collection of geometrical problems, in which the attention of

the reader is directed more to the question of the sutticiency of the
hypothesis to produce one result, and one only, tlian to the method of

obtaining the result.

A preface to this book was written by one Marinus, the disciple and
successor of Proclus, explaining at tedious length the distinction of
" given " and " not given.

'

1 0. Zroixcia, the Elements (of Geometry). For a long time w^riters

hardly considered it necessary to state whose elements they referred to,

since a certain book of the elements always signified that book of

Euclid : and it was cuiitomary in England to call each book an
element ; thus in BiUingsley's old translation the sixth book is called

Ihe tixth dement.

The reason why the Elements have maintained their ground is not
their extreme precision in the statement of what they demand
[Axiom] ; for it frequently liappens that a result is appealed to as

self-evident, which is not to be found in the expressed axioms.

Keither does their fame arise from their never assuming what might
be proved ; for in the very definitions we find it asserted that the
diameter of a circle bisects the figure, which might be readily proved
from the axioms. Neither is it the complete freedom from redundancy,
nor the perfection of the arrangement ; for book i. prop. 6, which is very
much out of place, considering that it is never wanted in the first book,
is, in point of fact, proved again (though not expressed) in prop. 19.

Neither is it the manner in which our ideas of magnitude are rendered
eomplete,a8 well as definite : li>r instance, book iii. prop. 20, is incomplete
with Euclid's definition and use of the term angle ; nor with that term
as used by him can the 2lBt proposition of that book be fully demon-
strated without the help of the subsequent 22nd. In fact, the Elements
abound in defects, which, if we may so speak, are clearly seen by the
light of their excellencies : the hi^ standard of accuracy which they
inculcate in general, the positive and explicit statement which they
make upon all real and important asiiumptions, the natural character of
the arrangement, the complete and perfect absence of false conclusion
or fallacious reasoning, and the jucUcious choice of the demonstrations,
considered with reference to the wants of the beginner, are the causes
of yie universal celebrity which this book has enjoyed. Wo shall, in
the article Mathematics, give our reasons for advocating the conti-
nuance of Euclid as a book of instruction, and shall now describe the
contents of the Elements.

There are thirteen books certainly written by Euclid, and two
more (the fourteenth and fifteenth) which are supposed to have been
lidded by Hypslcles of Alexandria, of whom we do not doubt that
he lived in the sixth century, though he is commonly placed in the
second.

Book L lays down the definitions and postulates required in the
establishment of plane geometry, a few definitions being prefixed also
to ii., iiL, iv., and vi It then treats of such properties of straight lines

and triangles as do not require any particular consideration of the
properties of the circle nor of proportion. It contains the celebrated
proposition of Pythagoras.

From this book it appears that Euclid lays down, as all the instru-

mental aid permitted in geometry, the description of a right line of

indefinite length, the indefinite continuation of such a right line, and
the description of a circle with a given centre, the circumference of

which is to pass through a given point. It is usual to say, then, that
the ruler and compasses are the instruments of Euclid's geometry,
which is not altogether correct, unless it be remembered that with
neither ruler nor compasses is a straight line allowed to be transferred,

of a given length, from one part of space to another. It ia a plain

ruler, whose ends are not allowed to be toiiched, and compasses which
close the moment they are taken off the paper, of which the Greek
geometry permits the use. It is altogether uncertain by whom these

restrictive postulates were intriiJuced, but it must have been before the

time of Plato, who was contemporary with (if he did not come after)

the introduction of those problems whose difficulty depend.^ upou the

restrictions. We may here observe that in actual construction the

ruler might have been disjjensed with. It was reserved for an Italian

abb^, at the end of the 18th century, when all who studied geometry
had, for two thousand years, admired the smallness of the bases on
which its conclusions are built, to inquire whether, small as they were,

less would not have been suflicient. In Mascheroni's ' Geometria del

Compaasa,' published at Pavia in 1797, it ia shown that all the

fundamental conatructiona of geometry can be made without the

necessity of determining any point by the intersections of straight

Unes ; that ia, by using only those of circles. This singular and very

original work was translated into French, and published at Paris in

1798 and 1828. It m.ay be added that Benedetti, in the 16th ceutury,

and others after him, had shown that, granting the straight line, only

one circle ia absolutely necessary ; that is, only one opening of tho

compasses.

On subjects partictJarly connected with the first book, see Axiom,
Postulate, Paballels, Hti-othenuse.
Book ii. treats of the squares and rectangles described upon the parts

into which a line is divided. It opens the way for the application of

geometry to arithmetic, and ends by showing how to make a square

equal to any rectilinear figure. It also points out what modification

the proposition of Pythagoras imdergoes in the case of a triangle not

right-angled. [Uectanule.]
Book iii. treats of the circle, establishing such properties as can be

deduced by means of the preceding booka.

Book iv. treats of such ret,ailar figures as can readily be described by
means of the circle only, including the pentagon, hexagon, and qiiiude-

cagou. It ia of no use in what immediately follows.

Book V. treats of proportion generally, that is, with regard to

magnitude in general. Whether this most admirable theory, which
though abstruse ia indispensable, was the work of Euclid himself, or a

predecessor, cannot now be known. The intrcxluction of any definitely

numerical definition of proportion is rendered inaccurate by tho

necessity of reasoning on quantities between which no exact numerical

ratio exists ; for which see Incommensuradlks. The method of

EucUd avoids the error altcjgether, by laying dowu a definition which
applies equally to commensurables and incommeusurables, so that it ia

not even necessary to mention this distinction. In the article Propor-
tion we shall endeavour to show that this method is more simple than

ia generally suppoaed, and also that all subatitutes for it have failed in

rigorous deduction.

Book vi. applies the theory of proportion to geometry, and treats of

aimilar figures, that is, of figures which differ only in size, and not

in form.

Book vii. lays down arithmetical definitions ; shows how to find the

greatest common measure and least common multiple of any two
numbers

;
proves that numbers which are the least in any ratio are

prime to one another, &c.

Book viii. treats of continued and mean proportionals, showing when
it is possible to insert two integer mean proportionals between two
integers.

Book ix. treats of square and cube numbers, as also of plane and
tdid numbers (meaning numbers of two and three factors). It also

continues the consideration of continued proportionals, and of prime

numbers, shows th.it there is an infinite number of prime numbers,

and demonstrates the method of finding what are called perfect

numbers.
Book X. contains 117 propositions, and is entirely filled with the

investigation and classification of cerfciin incommensurable quantities.

It shows how far geometry can proceed iu this branch of the subject

without algebra ; and though of all the other books it may be said that

they remain at this time as much adapted for instructioii as when they

were written, yet of this particular book it must be asserted that it

should never be read excejit by a student versed in algebra, and then

not as a part of mathematics, but of the history of mathematics. In

the article Iriiationai, Quantities we shall traualate the phrases of

Euclid into algebraical language, by means of which we have no doubt

that many students will be enabled to read the book of Euclid with

profit. The book finishes with a demonstration that tho side and

diagonal of a square are incommenaurable. From this book it is most
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•ridaat tluU the aritluiMtio*! ohancter of geometrical magnitude

bad been vtrj eztennTelr eooiidered; and it eeenu to tu niHiciently

olwr that an arithmetic of a obaivcter approximating closely to

algebra must hare been the guide, as well aa that acme dettnite

object ma (ought—perhaps the attainment of the quadrature of the

dnile.

Book zi. Ut( down the defioitiona of solid geometry, or of geometry

which oooakun lines in different ijlanra aud solid figures. It then

prooeadi to treat of the intersections uf itlanco, and of the properties

of parallelepiped), or what might be called solid restangles or right

olida.

Book ziL treats of prisma, cylinders, pyramids, and cones, estabUshing

the properties which are analogous to those uf triangles, &c., in the

first and sixth books. It (duo shows tliat circles are to one another as

the squara on their Jiaiuetera, and sphcrea as the cubes on their

diameters, in which, for the first time in Euclid, the celebrated method
of £xHA.l'8Tio>'s is employed, which, with the theory of proportion,

forms the most remarkable part of this most remarkable work. In the

article just cited we have referred to the present one for some account

of this method, which we now gire.

The only method of reasoning upon the length, aren, or solidity, of

curve lines or surfaces, is by observing the pro[)crties of inscribed

polygons or polyhedrons, which may, by sufficiently increasing the

number of their sides or faces, be made to approach as near as we
pleaau to continuous curviliuearity. But since the rigour of geometry
is not content with proving that a proposition may be considered as

neariy true as we please, and will not infer that one line is equal

to another because it can be shown that their difference is (no

matter how) small ; Euclid (or some of bis predecessors, but most
probably Euclid, if we may judge by the character of his dis-

coveries given by Proclus) mvented this method of exhaustions,

which may be considered as contained in the following two pro-

positions.

I. If from A more than its half be taken, aud from the remainder

more than its half, and so on, the remainder will at last become less

than B, where B is any magnit\ule named at the outset (and of the

same kind as a), however small. This proposition may be easily

Eroved, and is equally true if the fixed proportion abstracted each time

e half or less than half.

II. Let there, be two magnitudes, v and q, both of the same kind;

and let a succession of other magnitudes, called X,, x,, x, ... be

each nearer and nearer to p, so that any one, x ., shall differ from p

leas than half as much as its predecessor differed. Let Y,, Y„ V, . . . be

a uocesaion of quantities similarly related to Q ; and let the ratios of

X, to T,, of Xj to Y,, and so on, be all the same with each other, and
the same with that of a to B. Then it must be that pistoqosAtoB.
(It is obvious, from the conditions, that if x, be greater than p, T^ is

greater than q, &c.,&c.) Suppose x„ x„ &c., less than p, and therefore

T,, T,, &c., less than q. Then, if A be not toBasPtoq, Aistosas
V to some other quantity s greater or less than q : say less than q.

Then (by hypothesis and I), we can find some one of the series T,,

T, . . . (say Y . ) which is nearer to q than 8 is to q ; and which is

therefore greater than s. Then, since x. is to Y. as a to b, or as p to

a, we have x. is to v, aa P to g, or x, to p as Y. to 8 : from which,

ince Xa is less than p, Y. is less than s. But Y, is also greater than s,

which is absurd ; therefore a is not to B as p to less than q. Neither

is A to b as F to more than q (which call s), for in that case s is to p as

BtoA:letsbetoPa8qtoT, then sistoqasPtoT; from which,

a being greater than q, p is greater than t. But BistoAasstop,
that is, aa q to leas than P, which is proved to be impossible by the

reasoning of the last case. Consequently, A is not to B as p to

more than q, or to less than q ; that is, a is to B as p to q. Which
waa to be shown. Let p and q be two circles, a and B the squares on
their diameters, x, and Y, inscribed squares, x, and Y, inscribed

tegular octagons, z, and T, inscribed regular figures of sixteen sides,

&c : the preceding prooeas gives the proof that circles are to one
another aa the squares on their diameters.

Book xiiL, the laat of those written by Euclid, applies some results

of the tenth book to the sides of regular figures, aud shows how to

describe the five r^ular bodies. [Solids, Reuular.]
Books xiv. and xv., attributed to Uy]i«icles of Alexandria, treat

entirely of the relative pro|>ortions of the five regular sohds, and of

their inscription in one another.

The writings of Euclid continued to be the geometrical standard as

long as the Greek language waa cultivated. The Komans never made
any progress in mathematical learning. Boethius [Boetiiii's, in Bioo.

Div.J translated, it is said, the first book of Euclid (Cassiodorus, cited

by Hcilbronner) ; but all which hos come down to us on the subject

from this writer (who lived at the beginning of the Ctli century) is

contained in two books, the first of which has the cnuncintiouii and
figures of the principal proi>ositiuns of the first four books of the
Klements, and the second of which is arithmetical. Some of the

maouscripta of this writer contain an appendix which professes to give

an auoount of a letter of Julius Cics.v, in which ho expresses his

intention of cultivating geometry throughout the Roman dominions.
But no such result ever arrived so long as the Western Empire lasted

;

and this short acoonnt of Boman geometry is a larger pro|><irti<in of the
present article than the importance of the subject wanaute. Thoie

books of Boethius continued to be the standard text-books until Euclid
was brought in sgain from the Arabs.
Among the lost-mentioned race geooMtry made no actual progreas,

though many of the works of the Oreek writers were translated, and
Euchd among the rest. There are aevaral Anbic versions, the most
perfect of which is that of Othmon of Damaacus, who augmented the

usual imperfect translations by means of a Oreek manuscript which he
saw at Rome. D'Herbelot (at the words Aklidus and Oclides) states

that the Orientals believe Euclid to have been a native of Tyre, and
also that they frequently gave his name to the science which he taught.

The same author gives the name of the Arabic versions, one of which,

that of Nasir-edcUn, the most celebrated of all, was printed at the

Hediceon press at Borne in 1594. The astronomer Thabet ben Komh
[Abtronomy] was one of the translators, or rather, perhaps, revised the

translation of Honein ben Ishnk, who died A.D. 873. There is a manu-
script in the Bodleian Library, purporting to be the translation of the

latter edited by the former.

The first translation of Euclid into Latin, of which the date can be
tolerably well fixed, is that of Athelard, or Adelard, a monk of Bath, who
lived under Henry I. (about a.d. 1150). We have given (Campanus, in

Bioo. Div.]a mimmary of authorities to show that Campanus, suppoeed
to be another trauslator of Euclid, lived after this period ; but we ore

inclined to believe that this translation (so called) of Campanus (printed

A.D. 1482), is in fact that of Athelard, with a Commentary by Cam-
panus. For Campanus is not expressly described in the book as a

translator (see article cited), but as a commentator; add to which,

that there is in the Bodleian Library a manuscript entitled ' EucUdis,

&c.. ex versione Adelardi de Arabico, una cum commento Hagistri

Campani Novariensis.' Scheibel (cited by Camerer and Hauber, in

the preface of their edition, presently noticed) states that in his copy
of Campanus the fact of the translation being that of Adelard was
noted in a himdwriting apparently as old as the edition itself. The
point might be settled by a comparison of the printed Campanus and
the manuscript in the Bodleian. With regard to this version, it is

stated (in the preface just cited) that it differs from the one of Nasir-

e<ldin. With the precedent just cited, we may be allowed to state

that in a copy of Campanus which we have examined, some ancient

handuTiting, completely obliterated, is attached to Ratdolt's preface.

Chemical means have succeeded in recovering a few unconnected words
only, among which are " ben Honein " and " Tebit lien Corra," ex-

pressing perhaps the opinion of the writer that the version chosen by
Adelard or Campanus was that of the two Eastern editors who have
beed previously mentioned.
There is a considerable number of Greek manuscripts of the Elements,

for which see Fabricius, Heilbronncr, and the preface of Peyrard. There
is no account of the manuscripts which they consulted by the earlier

Latin translators (from the Greek), nor by Gregory. It a)>pe.'irs how-
ever that several, if not many, of the manuscripts are entitled EukAciSov

croix^mv Bi$\ia i< ix tov Stvyos avrovauty, from which it w.is inferred

that the compilation of the elements waa the work of Theon, from the
materials left by Euclid. It is certain that Theon, in his commentary
on the Almagest, speaks of his edition (iKtoau) of Euclid, and mentions
that the part of the last proposition which relates to the sectors was
added by himself. On looking at that proposition, it is found that the

demonstration relative to the sectors comes after the " iwtf t8<i tuiat,"

with which EucUd usually ends his propositions. And Alexander, the

commentator on Aristotle, who lived l>efore Theon, calls that the fourth

pro|xjsilion of the tenth book which is the fifOi in all the manuscripts.

We can then distinctly trace the hand of Theon as a commentator,
and may suspect that he i>crformed the duty of a revising edit4>r to

the work of Euclid as it now appears ; but there is not the smallest

reason to suppose that Theon actually digested the work into the form
which it now has. These remarks relative to the claims of Theon
were first made by Sir Henry Savile, who opened the chair of geometry
which he founded at Oxford by thirteen lectures on the fundamental
IKirts of the first book of Kucid, which were delivered in 1620, and
published in 1C21.

We now give a short summary of the early editions of Euclid, which
have appeared in Greek or Latin. It \a uimecessary to specify the

common editioiu of Simson, Flayfair, &c., &c, which confine them-
selves to the first six Ixraks, and the eleventh and twelfth, and are

generally known.
I. Editions of the whole of Euclid's works. An imperfect Latin

edition, by Bartholomew Zamberti, Venice, 1605. But the principal

edition of all the works of Euclid is that published by the Oxford
press in 1703, under the care of David Gregory, then Savilian pro-

fessor.

II. Greek editions of the Elements only. (1.) An edition cur&
Simonia Urynaii, Basel, 1533, with the commentary of Proclus. (2.)

The Paris edition by Peyrard, 1814-18, in three volumes (|uartt), con-

taining the Element.'* and Data, Greek and French. It is the first

edition which has readings from various manuscripts. (3.) The Berlin

e<lition, by August, 1826, 8vo., containing the thirteen books of the

ElenieuU>, in Greek, with a selection of readings from Peyrard and
from other mimuscripte.

III. Latin e<lition8 of the Elements only. (1.) That of Campanus,
the first Euclid printed, Ratdolt, Venice, 1482. (2.) A reprint of the

preceding, marked ' ViucoutiW) omlO Siilutis, 1401.' (3.) Au edition
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containing the text and comment of Campanus, from the Arabic ; also

the text and comment o£ Zamberti, from the Greek ; Paris, Henry
Stephens, 1505 ; and again in 1516. This edition is very commodious
for a general comparison of the Greek and Arabic. {i.) Edition

of Lucas Pacioli, Venice, 1509. (5.) Edition of Henry Stephens,

Paris, 1516. These five editions are in folio; the second and fourth

are very scarce. The first edition of Clavius is that of Rome,
1574; of Commandine, Pesaro, 1572. [Clavius; Commaxdine, in

Bioo. Div.]

IV. Earliest editions of the Elements in modem tongues. English:—
' The Elements of Geometry of the most ancient philosopher Euclid of

Megara, &c.,' by H. Billingsley, with a preface by John Dee, London,
1570, and again in 1661. French :

—
' Les quinze livres des Elements,

&c., &c.,' Par D. Henrion, Mathematicum, first edition, Paris, 1565 ?

second, 1623, with various others. According to Fabricius, there was
an edition by Peter Forcadel, in 1565. German

:

— * Die sechs ersten

bucher, &c.,' by William Holtzmann, Augsburg, 1562. ScheubeUiis

had previously given the 7th, 8th, and 9th books, in 1555. Jtajian :—
' Euclide Megarense Pliilosopho, &c.,' per Nicolo Tartalea, Venice, 1543.

Dutch

:

—
' De ses erste boecken EucUdis, &c.,' dor Jan Pieterszoon

Dou, Amsterdam, 1608 (or 1606). Swedith :—' De sex forsta, &c.,' by
Marten Stromer, Upsal, 1753. Sjtanish :—By Joseph Saragoza, Valentia,

1673. Murhard (compared with Fabricius) is the authority for all

of these, except the first.

It has long ceased to be usual to read more of Euclid than the first

six books and the eleventh. Those who wish to see more of the

Elements will proLably most easily obtain those of Williamson (Lon-

don, 1788, two volumes 4to.), the translation of which is very literal.

Those who prefer the Latin may find all the twelve books in the edition

of Horsley (from Commandine and Gregory), Oxford, 1802. The
number of editors of Euclid is extremely great, but our limits will not

allow of further recapitulation.

The progress of geometry is connected with the names of Archi-

medes, ApoUonius, Theon, &c., and it continued to flourish at Alex-

andria till the taking of that town by the Saracens, a.d. 640. But its

Utter day produced only commentators upon the writers of the

former, or, at most, original writers of no great note. In the articles

Locus, PoRisM, Duplication, Propohtional, will be found some of

tile details of the Greek geometrical analysL'i. Spherical trigonometry,

or rather that portion of their geometry which supplied its place in

astronomy, is connected with the names of Hipparchus, Meuelaus,

Theodosius, Ptolemy. The following list contains the names of the

most celebrated geometers who lived before the decline of the Greek
language : the dates represent nearly the middle of their lives, but are

in many instances uncertain :

—

Thales, B.C. 600 ; Ameristus ! Pythagoras, 550 ; Anaxagoras ; (Eno-

pldes ; Hippocrates, 450 ; Theodorus ; Archytas ? jweceptor of Plato

;

Leodamas; Tbeictetus; Aristaeus, 350; Perseus) Plato, 310; Me-
lucchmus, Dinostratus, Eudoxus, contemporaries of Plato : Neoclides

;

Leon ; Amyclas ; Theudius ; Cyzicinus ; Hermotimus ; Philippus :

Euclid, 285 ; Archimedes, 240 ; ApoUonius, 240 ; Eratosthenes, 240
;

Nicomedes, 150; Hipparchus, 150; Hypsicles, 130? Geminus, 100;
Theodosius, 100; MeneUus, a.d. 80; Ptolemy, 125; Pappus, 390;
Serenus, 3U0 ; Diocles .' Proclus, 440 ; Marinus ? Isidorus f Eutocius,

£40.

The age of Diophaotus is not sufficiently well known even for so

rough a summary as the preceding ; he is usually given to the 2nd
century, we place him at the end of the 6th century.

The following is the summary of books of geometrical analysis (qui

ad resolutum locum pertinent), given by Pappus as extant iu his time

;

of Euclid, the Data, three books of porisnis, and two books lucontm

ad tiupei'Jiciem ; of ApoUonius, two books de j^ropwtionU tectionc, two
de spatii sectione, two de tactionibu9f two de indiitatumibtis, two piano-

rum locorum, and eight on conic sections ; of Aristtcus, five books

locoruin vjlulorum ; of Erastosthenes, two books on finding mean pro-

portionals. But besides these he describes a book (of ApoUonius)
which treats de determinatd eectione.

The manifold beauties of the Elements of Euclid secured their

universal recejition, and it was not long before geometers began to

extend their results. It became frequent to attempt the restitution

of a lost book by the description given of it by Pappus or others ; and
from Vieta to Robert Simson, a long Ust of names might be coUected
of those who have endeavoured to repair the losses of time. On the
advance of geometry in general, the reader may consiUt the lives of

Vieta, Metius, Magini, Pitiscus, Snell, Napier, Guldinus, Cavalieri,

Boberval, Fermat, Pascal, Descartes, Kepler, tc., &c., inthe Bioo. DiV.
and also the article Qcadratl're of the Circle.

(The application of algebra to geometry, of which some instances had
been given by Bombelli, and many more by Vieta, grew into a science

in the hands of Descartes (1596-1650). It drew the attention of

mathematicians comjiletely away from the methods of the ancient
geometry, and ci^nsidering the latter as a method of discovery, the
change was very iimch for the better. But the close and gi-asping

character of the ancient reasoning did not accompany that of the new
method : algebra was rather a half-understood art than a science, and
all who value<l strictness of demonstration adhered as close as possible

to the ancient geometry. This was jKU-ticularly the case in our own
country, and unfortunately the usual attembnts of rigour were mis-

taken for rigour itself, and vice versd. The algebraical symbols and
methods were by many reputed inaccurate, while the same processes,

conducted on the same principles, in a geometrical form, were pre-

ferred and even advanced as more correct. Newton, an admirer of the
Greek geometry, clothed his Principia hi a dress which was meant to

make it look (so far as mathematical methods were concerned) like tho
chUd of Archimedes, and not of Vieta or Descartes ; bvit the end w;is

not attained iu reality, for though the reasoning is really unexception-
able, yet the method of exhaustions must be applied to most of the
lemmas of the first section, before the Greek geometer would own
them.
The methods of algebra, so far as expressions of the first and second

degrees are concerne<l, apply mth gi-eat facility to many large classes

of questions connected with straight lines, circles, and other sections

of the cone. Practical facUity was gained by them, frequently at the

expense of reasoning : the time came when a new Descaii.es showed
how to return to geometrical construction with means superior to those

of algebra, iu many matters connected with practice. This was Monge,
the inventor of dacrijittre ijeumetrij. The science of perspective and
many other applications of geometry to the arts had previously required
isolated metiiods of obtaining lines, angles, or arejis, described under
laws not readily admitting of the application of algebra, and its con-

sequence, the construction of tables. The descriptive geometry is a
systematised form of the method by which a groimd-plau aud au eleva-

tion are made to give the form and dimensions of a buUding. The
projections of a point upon two planes at right angles to one another

being given, the position of the point itself is given. P'rom this it is

possible, knowing the projections of any solid figure upon two such
planes, to lay down on either of those planes a figure similar and equal

to any plane section of the solid. In the case . where the section

is a curve it is constructed by laying down a large number of con-

secutive contiguous points. The methods by which such an object

is to be attained were generalised aud simplified by Monge, whose
' G^omdtrie Descriptive ' (the second edition of which was published

iu 1820) is one of the most elegant and lucid elementary works in

existence.

The methods of descriptive geometry recaUed the attention of

geometere to the properties of projections in general, of which such
only h-ad been particularly noticed as could be applied iu the arts of

design or in tho investigation of primary properties of the conic

sections. From the time of Monge to the present this subject has

been cultivated with a vigour wliich has produced most remarkable
results, aud promises more. Pure geometry has made no advance since

the time of the Greeks which gives greater help to its means of inven-

tion than that which the labours of what we must call the school of

Monge have eifected. One of the most distinguished pupils of this

great master, M. Chasles, pubUshed an ' Apercu historique des me-
thodes en 0<Som^trie,' forming the eleventh volume of the ' Mdmoires
Couronn^s ' of the Academy of Brussels, a work of great importance
in the historical point of view.

On the history of geometry, as distinguished from other parts of

mathematics, there is very little to cite. The references in the article

Mathtmatics may be consulted.

GEOMETRY OF THE GREEKS. [Geometry.]
GEOPO'NIKA (or, a ' Treatise on Agriculture '), is the title of a

compUation, in Greek, of precepts on rural economy, extracted from
ancient writers. The compiler, in his proemium, shows th.at he was
living at Constantinople, and dedicated his work to the Emperor
Constantino, "a successor of Constantine, the first Christian emperor,"
stating that he wrote it in compliance with his desire, and praising him
for his zeal for science and philosophy, aud for his philanthropy. This
emperor is supposed by some to have been Constantino Porphyrogenitus,
and the compilation is generaUy ascribed to Cassianus Biissus, a native of

Bithynia, who however is stated by others to have lived some centuries

before the time of Porphyrogenitus. The question of the author-

ship of the ' Geoponika ' has excited much discussion. Needham, in

his Greek and Latin edition of the ' Geoponika,' Cambridge, 1704, has
treated the subject at great length. The work is divided into twenty
books, whicli are subdivided into short chapters, explaining the various

processes of cultivation adapted to various soils and crops, aud the

rural labours suited to the ditferent seasons of the year ; with directions

for the sowing of the various kinds of corn and pulse ; for the training

of the vine, and the art of wine-making, upon which the author is very

diffuse. He also treats of olive plantations and oU-making, of orchards

and fruit-trees, of evergreens, of kitchen-gardens, of the insects and
reptiles that are injurious to j)Iants, of the economy of the poultry-

yard, of the horse, the a.ss, and the camel ; of horned cattle, sheep,

go,it3, pigs, &o., and the care they require ; of the method of salting

meivt ; and, lastly, of the various kinds of fishes. Every chapter is

inscribed with the name of the author from whom it is taken, and the

compiler gives at the beginning of the firstTjook a list of his principal

authorities, who are Africanus, Anatolius, Apuleius, Berytius, Damo-
gerun, Democritus, Didymns, Dionysius Uticensis (the translator of

iNIago, the Carthaginian writer on agiiculture), Diophaues, Florentiiius,

Leontius, PamphUus, Pa.xamus, the Quintilii, Sotiou, Varro, Vinda-

nonius, and Zoroaster. Other authors besides these are quoted iu the

course of the work. Two or three chapters are inscribed with tho

name of Civsslanus, who spe.itj of himself in them as a native of
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lUntoaymtu in Bithynia, where he had an eeUte. (' Oeoponika,' book

T., ch. 6 and 86.) The work is ourioue, a* giving a ooune o< ancient

grieulttiro collected from the beat authorities then existing. The best

editixu of the ' Ueopoaika ' is that of N. Nielas, in Greek and Latin,

with note* and indexes, 4 vols. 8to, Leipadg, 1781.

OEOROIUM SIDU8. [UajLirct.]

OERMAK SILVER As its name implies, this alloy was originally

jiruduoed in Oennany, and was obtained by smelting an «re found at

Hilburgliaasen, near 8ubl, in Uenneberg. An alloy, howerer, very

similar in appsannce and propertiee has long been known to the

Chinese under the njune of patfong, or white metoL
Qenuan silver is compoMd of the metals nickel, copper, and sine,

though in somewhat variable proportions. The following an examples

of the amounts of the aeveral metals contained in four speoimena,

aaoh of different quality :

—

I. n. 111. IV.

Copper . . . SBJ SO S50 45-7

Nickel . . . 14-8 SO 90'S S4-3

Zinc . 200 SO • 34-4 JO'O

1000 100 100-0 100-0

Ko. 1 is perhaps the oommoneat made. Ko. 2 is much used. No. 8

is a very beautiful alloy, but little inferior in beauty to silver itself

;

it is Bometimea called tledrum. No. 4 is the richest in nickel that

can be conveniently worked. For articles requiring much soldering,

about 3 per cent, ot lead is introduced ; and where brittleness is not

an objection, 24 per cent, of iron may be added; the hardness and
susceptibility of high polish being in the latter case greatly heightened.

TuUnag, a kind of Cieruau silver used iu casting operations, is com-
posed of 45'7 of copper, 17'4 of nickel, and 86-9 of zinc.

In furnace operations viith German silver a quantity of ainc is

always volatilised and oxidised, and must be allowed fur by at first

adding a larger quantity of that metal than is required to form the

alloy.

GESTURE. [Oratory.]
UETiE, the name of a northern tribe mentioned in Roman history,

inhabiting the country on both banks of the Danube, near its eetuary,

and along the western shores of the Euxine. [Dacia, in G£ou. Div.]

GHEE, a species of butter used by the natives of India, and pre-

pared by boiling, so that it will keep for a considerable time ; it is

sometimes used when a year old. The milk, when first taken from the
animal, ia boiled in earthen pots for at least an hour, and frequently

for two and even three hours ; it is then allowed to cool, and a little

curdled milk, called Dhye, is added to promote its coagulation. By
the next morning the whole mass has been converted into dhye, or

coagulated acid nulk. About five or six inches in depth are then taken

from the top of each pot and put into an earthen jar, where it is

churned by turning round in it a split bamboo with a very quick
motion. After half an hour's churning, some hot water is added, and
the operation is continued for another half-hour, when the butter

forms. When this butter has been kept two or three days, and has
become rancid, as it will during that time in so hot a climate, it is

melted in an earthen pot, and boiled until all the water that may be
mixed with it is evaporated ; a little dhye and salt, or betel-leaf, ia

then added, and it is put into pots to be kept for use. It has a strong

smell, and, although very distasteful to Europeans, is in general con-

sumption among all the natives who can atlord to buy it. Ghee is a
very important article of internal traffic through a great part of India.

GHIBELLINES. [Uuelpus.I
GIBBOUS, convex on both sides ; a term particularly applied to the

Dkoon when more than half grown.
GIFT (Law), cfoitum, donatio, is the transferring of the property in

a thing by one man to another, voluntarily and without any valuable
consideration.

.
The giver ia called the donor, and he to whom the thing is given is

called the donee. By the common law, real estate might iiass as a gift

by iivary of seisin without deed ; but by stat 29 Charles II. c. 8, a
deed or note in writing ia rendered nec«asM7 to the transfer of real

estate. To complete a gift of goods and chattels, not effected by
writing, delivery is absolutely necessary ; for until then the transaction

is not properly a gift, but a contract, and the English law will not com-
pel a man to perform his contract unless it ia founded un good or
Taluable ooniidaration.

Gifts are looked at with some degree of stuidoion by the law of

Tftigland , and are in some cases declared void, as against creditors and
purchaaers for a valuable consideration. [Bakkruft.]
The distinctions laid down by the civil law as to gifts were numerous.

It distinguished gifts into two classes, proper and improper: the proper
cift being such as is reoogjiised by the EngliHb law; the im|iro|icr, gifts

ni consideration of marriage, and that siieciss of gift tunned donatio
mini* tamtd. According to the law of England, marriage is a valuable
eooiidentioD, and consequently gifts upon that account arc supported
gainst porchasen and ctediton.

Many fturious distinctions relating to gifts exist in the Hindoo law.

(See Colebrooke's ' Digest, Hindoo Law,' b. ii., c 4.) As to the law
regulating voluntair gifts established by the Code Nwoleon, see ' Cod.
CiT.,'b. 8,tit.2.

it,

GILDING. Althou^ there are many varieties of gilding, the onlr

kinds which need separate mention in thia place are Mcial-t/tldiitg and
Wood-gilding. The reader will find an account of the mo<lem prooaM
of SUelroi/ilJiHg, under ELlCT]io-HieTALi.ciioY ; of Fihrr-gildiog, under
Gold Lace MaNurAoruKB; of China-giUiiig, under Poicujlim ; and
of Sookgitding, under BooKBtiDnio.

Metal-gildimg. The procea of metal-gildiiig is on* of the most
delicate in the manufactures in metal ; seeing uiat its success depends
on a nicety of eye, a dexterity of hand, and a preotical acquaintance
with the chemical operations mvolved in it, which cannot be acquired

without several months' or even yean' experience. Meohanloal errors

and difficulties are in most cases detected and remedied with much
greater facility than those which arise in the chemical branch of

manufactures. To these latter the processes of gilding and colouring

are particularly subject, and more e^teoially that of gilding.

The gold made use of for the purpose of metal-gilding is called " 6ne
gold," and is perfectly free from alloy. Its form is that which, in

metals, is usuidly termed " shot," from its having been poured or shot

when in a fluid state, into cold water. This operation divides it into

pieces of various shapes and sixes, from the smallest grain, scarcely

perceptible by the naked eye, to the dimensions of a pea or a nut.

This form of the metal is best adi4>ted for the gilder's purpose.

The union of the gold with the metal to be gilt is efiected through
the agency of mercury. The gold and mercury are first combined, by
boiling the former in about five or six times its weight of the latter.

These proportions are put into an iron Udle, which must have been
previously lined with a coating of whiting and water, and than care-

fully and thoroughly dried. Should there be any moisture left in the

lining, or if any cracks should expose the naked surface of the iron,

the ebullition of the mercury is so. rapid there, owing to the more
rapid conduction of the heat, that a portion of the amalgam would be
thrown out by the violence of tlie action. It is meet economical to

place the ladle and its contents within the heated iron cylinder used for

the evaporation of the mercury from the articles when gilt, by which
arrangement a considerable portion of the mercury which is evaporated

during the process is retained by the condensers. The time neceasaiy

for di»olviug all the gold in the mercury varies according to the hard-

ness or softness of the gold (that which has been mure mm»alid by the

refiner appearing browner than the harder and yellower, and requiring

a longer time for complete solution), and according to the larger or

smaller size of the fragments of gold made use of. In general, half a
troy pound of gold is completely dissolved by being kept at the boiling

temperature of mercury for about twenty or twenty-five minutes. It

is obvious that the boiling should be as gentle as possible, since &st
boiling ensures no higher a temperature, and evaporates a greater

quantity of quicksilver.

When it has been sufficiently boiled, the amalgam is poured out into

cold water, by which it loses a great part of it« fluidity, and becomes
semi-fluid ; the consistence depending, of course, on the quantity of

quicksilver originally made use of, and the proportion of it that has

been evaporated. TTie amalgam is then put into a piece of chamois

skin, and squeezed ; by which means the particles of quicksilver escape

through the ])ores of the leather, while those of the gold are safely

retained. When the mass is felt to be hard and unyielding within the

leather, it is weighed, and its value is determined by considering five

parts by weight of the »nialg«m as equal to one part by weight of the

gold employed. The ytp^lgitm then, if good, is of nlxiut the consistence

of a stiti' clay, has a greasy and gritty feel on being divided by a Imne

spatula, and is in the most convenient state for being weighed out into

the portions requisite for each resi)octive quantity of work. If how-
ever the gold be adulterated or the mercury be impure, the amalgam
often approaches more or less to fluidity, appears dirty, and deposits a
black adhesive scum on every thing with which it comes in contact.

The main object of bringing the amalgam to this consistence and these

projiortions is tb have it in a form convenient for division and apimr-

tionment, as well as for the sake of having a uniform standard by which

to ascertain the quantity and value of the gold employed. As, how-

ever, this consistence is not adapted fur being spphed to its intended

purpose, without a greater or less dilution by being sgain boiled for a

short time in mercury, many metal-gilders, especially those who provide

their own gold, prefer to weigh out the gold which they intend to use,

and then to mix it at once with the quantity of quicksilver which

experience has taught them to be pruper and necessary, aiul which

varies according to the nature of the articles to be covered with it

;

for such articles as are wrought into deeply indented or highly orna-

mented patterns, or which are to have their surfitoes couipleU-ly

covered, require a more fluid «n>«lgnni than those which have a

smoother superficies, or which are to be only ]>artially gilt.

On the apphcation of this amalgam to the surfaces of copper,

brazen, or mixed metal articles, it is found that, as there is no

chemical affinity, and consequently no principle of mutual cohesion,

between the substances thus brought into contact, the direct union of

them is impossible. Nor can it be effected by allowing them to remain-

in contact for any length of time. The intervention of a solution of

nitrate of mercury is therefore used. This salt is made by pouring a

table-spoonful of quickidlver into about a quart of strong nitric acid,

which is termed in commaroe " gilders' aquafortis
;

" the red fumes of

nitrous gas an instantly evolv«l, and the mercury is rapidly united
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with the acid, with the production of considerable heat. This solution

is, by the unscientific operatives, termed " quick-water," the mono-

syllable " quick " being, in their language, a sufficient representative

for the more tedious appellation of " quicksilver
;

" and the workshop

name of this liquid has caused the appellation of water-gilding to be

given to that which would more properly be called metal-gildinrj,

AVTien it is uncontaminated by the presence of any foreign substance,

the " quick-water " is white and pellucid.

When a piece of copper or brass is immersed in or brought in contact

with this solution, its surface is immediately converted into an amalgam.

To this amalgamated surface mercury and gold amalgam closely adheres,

by means of the molecular attraction of the particles of the fluid metals

for each other.

The manner in which this agent is applied in practice varies according

to the kind of articles about to be gilt. If they are small, strong, and
to be gilt all over, as copper buttons, buckles, and rings, a quantity

of them, which should not exceed three or four pounds in weight,

is put into a deep glazed earthen pan or " jowl ;
" to these are added

about three or four tea-spoonfuls of the " quick-water," together with

the requisite portion of amalgam. The whole is then thoroughly

stirred with a brush or stick, till the amalgam entirely covers the

surface of every article, more jjarticularly the indentations and sunken
parts, which are the last to receive a coating, from their being less

exposed to the contact of the fluids. When they are completely

covered, they are by some gilders rinsed in cold water and dried by
shaking in a bag of warm sawdust ; while by others this part of the

process is postponed to a later period of the operation, and they are

put, in their wet state, with the generated nitrate of copper still hanging

about them, into the gilding-cage. This cage is made in a cylindrical

form, and is generally about 18 inches in length by 9 or 10 in diameter.

It is formed of coarse iron-wire gauze, supported by an external frame-

work of iron, and furnished with a solid iron door at one extremity,

which generally forms a sector of one-third of the circular end. It is

provided with an axle, which extends to a lengtli of about 3 feet from
the end at which the door is placed, and is there terminated by a winch,

and to a distance of 5 or 6 inches in the opposite direction. The
articles iinder process of gilding are placed in this cage, and the door
pf it securely fastened ; it is then suspended by its axle on two supports

in an iron cylinder, which somewhat resembles a gas retort, and which
is in a similar manner fixed into brickwork over a furnace or stove.

The cylinder being previously heated by a coal fire beneath it, to such

a degree as to be red-hot over a large proportion of its inferior surface,

the cage is introduced, and the doors of the cylinder closed. The
heated air contained within the cylinder soon raises the temperature
of the substances immersed in it ; and as the cage is kept continually

revolving by means of the winch, which projects through iin aperture

in the doors, they have all an equable share of heat, and allow of a

nearly equal evaporation of the mercury from all their surfaces. The
farther extremity of the cylinder communicates with a chamber, which
is in general built of masonry and plastered over all the internal sur-

faces. The floor of this chiunber is covered to a depth of about two
feet with cold water, which on coming into contact with the mercurial

vapours condenses a portion of them, and causes them to return to the

liquid form. If this condenser, however4 were made quite close, a

great portion of the mercurial vapour would return through the

cylinder into the apartment or gilding shop, and thus not only be

wasted, btit materially injure the health of the persons engaged in the

work. A communication extending obliquely upwards, and made of

one or more ranges of iron stove-piping, is therefore connected with a

second smaller condenser on the story above, and this is again re-

peated a third or perhaps a fourth time. A current of heated .air is

thus continually ascending from the lowest condenser, and establishes

a perpetual draught through the cylinder, thus preventing the dele-

terious mercurial vapour from mixing with the atmosphere of the shop
in which the work is going forward ; some of the vapour is, however,
necessarily wasted by this precaution. The condensers are opened
at intervals of several months, and the quicksilver taken o>it, washed,
and dried ; it is sometimes found necessary again to. distil it, to free

it from all impurities.

After the cage, with its contents, has been in the cylinder for a
length of time varying, according to the temperature at which it has
been kept, from five minutes to a quarter of an hour, the mercury will

be found to have entirely evaporated from the gilt surfaces. If the
articles have been previously washed and dried, they will appear of a
clear yellow colour ; and they may be allowed to remain in the cylinder,

the cage revolving as before, until they are sufficiently heightened
in tint. If they have not been so treated previously, they will

appear of a dark, soiled, dirty colour, being covered with an incrusta-
tioi of oxide of copper and of iron, and other impurities. To remove
these, the goods are taken out of the cage ; and after being allowed to
cool for a few minutes, they are thrown, while still warm, into weak
quick-water, that is, diluted nitrate of mercury. This converts the
gold again into amalgam, owing to the precipitation of a portion of the
mercury by the copper, which is taken up with avidity by the gold.
They are then washed with clean water, dried in warm sawdust, and
again committed to the cage and cylinder, which, by the evaporation of
the mercury, give them a clean colour. They may then be heightened,
which is done by continuing to revolve them at the same high tempera-

ture within the cylinder, occasionally shaking them together, that they
may all have an equal share of the heat. The end intended to be
effected is a partial oxidation of the surface of the gold, caused by
means of the increased temperature of the metal goods after the
mercury has evaporated, and which remains unaffected by nitric or
sulphiu-ic acids after the slight film of oxide of copper has been instan-
taneously removed by their action. This partial oxidation occasions a
slight difference of colour, which is perceptible to an experienced
eye, and confers on the gold a degree of that orange colour which is so
generally admired in golden and gilt articles.

Buttons and articles of a similar description are often gilt only on
their tops, or on some other portion of their surfaces ; while the
remainder is left imcovered with gold, and of the native colour of the
metal of which they are manufactured. This is accomplished in the
mode described imder Button Manufactubb.
Many descriptions of articles would be injured or destroyed by the

method of gilding just now described. Such are all those which are
of considerable dimensious in proportion to the thickness of the metal
out of which they are made ; as well as those whose individual weight
and extent of surface would expose them to siich attrition from the
rotatory motion of the cage as would occasion the gold laid on to be
entirely or partially rubbed off in the process of its application.
Besides this, there is in thin and fragile articles an imminent danger
of their being broken when they are amalgamated and rendered brittle

throughout a great part of their substance by the necessary immersion
in the quick-water. To obviate the inconveniences that might hence
result, a different method is employed, so far as regards the mechanical
part of it, though the chemical principles on which it depends are
precisely the same. Articles of this description are most commonly
gilt only on one side. There are two modes of preventing the amalgam
from adhering to those parts of the surface that are intended to be
left bare. One is to lacquer those parts, and after the spirit of wine
is thoroughly evaporatetl, to inimer.-e them in the quick-water, and
afterwards apply the amalgam ; the gummy surface left behind by the
lacquer is entirely unaltered by its contact with the mercurial solution

;

but its exposure to the high temperature necessary in the subsequent
parts of the process chars the gum, blackens it, and causes it to peel
off. The other mode of applying the gold is to distribute the quick-
water over the parts requiring it by a small brush or camel's hair
pencil, and these then have the amalgam applied as before ; if, as is

sometimes the case, the goods are to be entirely covered, they are
immersed at once in the quick-water. The goods thus prepared are
laid with the gilt surfaces uppermost on an open iron pan, of a shape
something like that of a frying pan, which is held over a coke fire.

The chimney is made wide at the bottom, and narrows rapidly as it

proceeds upwards, so as to collect as much as possible of the mercurial
vapour, for the recovery of which no effort has hitherto been made.
A great proportion however necessarily escapes into the apartment,
and renders this mode of gilding much more unhealthy than the use of
the cylinder and cage. As the mercury gradually evaporates from
their surfaces, their position is changed, when requisite, by means of a
short pair of tongs ; and when entirely free from it, the process of
quick-watering is performed.
Where the cylinder is employed, it is usually swept out daily, before

the fire has h&ated it in the moniing. A portion of the gold amalgam
is rubbed off by the attrition of the cage, and falls on the interior
surface of the cylinder, whose heat melts it wholly or partially, and it

becomes mixed with the oxide of iron that is constantly in course of
production by the elevated temperature of the cylinder. This being
carefully collected and refined, is found to yield an average of about
1 -30th of the gold employed, to which dividend the richer sorts have
contributed from their superabundance a greater projjortionate quantity
than the commoner qualities.

Gilt articles of all the better qualities are submitted to an after-

process called colouring, for the purpose of conferring on them a deeper
orange tint than is natural to the gold itself, or can be obfciined by the
process of heightening already mentioned. The principle of this

additional operation is always the same, though the methods resorted
to differ greatly from each other. One of the compositions employed
for this purpose is formed of twenty-four paAs of nitrate of potiish, ten
of sulphate of alumina, five of sulphate of iron, and five of sulphate of

zinc, boiled together in water, thoroughly mixed, and cooled without
being allowed to crystallise. This mixture is formed into a thin paste

with water, which is spread over the surfaces of the ai-ticles by their

being immersed in it ; and when they are placed on a heated iron plate,

the warm gold surfaces become oxidised. A mixture is sometimes
made of bees' wax and yellow ochre, which being rubbed over the
gilt surfaces and burnt off, occasions on a similar principle the same
result. Goods that are to appear bright are scratehed over before

colouring with a brush made of fine brass wire.

Most gilt articles are burnished by a stone burnisher, formed of a
polished piece of black hsematite. This is fixed into a proper handle.

Small articles, as buttons, &o., are placed in a lathe, and the stone

applied to them as they revolve ; those that do not admit of this are

burnished by h,and on a table or bench.

Besides copper and brass, several other substances admit of being

gilt. Silver is gilt in a manner similar to that above described. Steel

and iron are gilt by being immersed in a mixture of the uitro-muriat*
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(or man property the chloridel of gold with itilphuric ether or alcohol.

By oomluiiiiig theae liquida together, an alcoholic solution of goUl in

fanned, from which the metal ia pradpitated by the iron or i<t««L

Hanj appUoatiooi of gilt metal are now suparMOed by the reinark-

ahl« aieotrotype prooeia in the way deecribed in the article already

•drartedto.
Wood^iilding. Wood work, whether pUin or carved, ia gilt by

the following prooeaaei. Parchment-aiio ia diaaolved in water by
heat, and a httlo whiting mixed with it. This composition is

bniaiied over the picture-frame or other article to be gilt. The
holes and cracks that may be in it are then filled up with a mixture

ol the same ingrediente in (liferent proportions, and of about the con-

Tistitmw of |>uUy. A comixniition uf the same aort, but containing

more whiting than the first, is then brushed over it, and allowed to

dry. This ia repeated several times, till a considerable thickness has

bean laid on. The plain parts are then moistened, fnnoothe<t down
with pumice stone and water, hard stone and water, Dutch rush,

g^aaa paper, and other substances ; and the comers and mouldings are

Kjuared and shaped by proper tools. When dry the work is covered

irith aeversl coatings of gold-size, a peculiar com]x>sition, of which
dear's bit is said to form the principal ingredient. The frame or other

itiole thus prepared, is placed in a sloping position; its ports are

Buooeasively moistened with water; gold-leaf is laid on them by a
" tip " (a sort of comb formed by inserting a row of camels' hairs into

a card), and is pressed down into the cavities by a dry camel's hair

pencil. The gold when dry is burnished by a stone in some parts
;

while others are left mat or dead, and are protected by a varnish of

very clear size.

This constitutes burHtth-tjIUtin;/. Oil gilding differs from it chiefly

in the use of a gold-size of an oily nature, which admits of no burnish-

ing of the gold. Jnpan-yildin'j is a third kind, in which Japan gold-

isa ia used, for work intended to be exposed to the weather.

The appUcationa of gold-leaf to leather, paper, wood, and other

substances, are numerous and diversified ; but whathas been said above

will be sufficient to indicate the principles and details of this branch of

the arts. It may be well to add, that glass may be gilt by the following

simple method :—Dissolve some isinglass in water by means of heat;

evaporate the liquid, and allow it to crystallise. Re-dissolve some of

the crystals, and after making the mixture of the usual consistence of

glue, dip into it a piece of clean chamois leather, which is to be drawn
once, and only once, over the parts of the glass that are to be gilt.

Lay on the leaf-gold, which will adhere, and allow the whole to dry.

On this coating of gold another may be placed in a similar manner,
being careful to draw the isinglass only once and lightly over the

former coating. It will be generally found advisable to repeat this

process a third time. Any superfluous gold may be removed by a

abarp stick, and the gilt rarts are to be iwUshed by rubbing them with

clean cotton, which will obliterate all traces of any joinings, and
prevent them from being visible from either side uf the glass.

GIN. [Cotton ; Ge.neva.]

GIN, or OYK, a machine employed instead of a crane, chiefly by
artillerymen, for the piu-pose of raising guns, howitzers, &c., on their

carriages. It consists of three round pdea, from 12 to 15 feet long,

and 6 inches in diameter at the lower extremity, tapering to about

3i inches at the top.

The three poles are, by means of on iron bolt passing through straps,

or by a rope passed several times round each, united together at their

upper extremities in such a manner that they may be turned about

their place of union ; and when the machine is set up, the feet of the

poles are planted in the ground at alwut 8 or 9 feet from each other.

The feet of two of the poles are kept at that distance by means of a

rope or an iron bar, which may be temporarily placed in a horizontal

position near their lower ends ; and between the same two {wlos, at

about 8} feet from the ground, is a wooden roller, or windla«B, which,

by means of handspikes, may be turned on its axis, the pivots entering

into holes sunk in iron cheeks attached to the poles. The third

pole, commonly called a " pry-pole," has a greater extent of movement
than the others about the upper extremity, so that all the three poles,

previously to Ixiing set up, may lie on the ground. The g}n is then
set up over the object to be moved ; two blocks with their fall, or

rope, are employed in raising or lowering the gun, the upper block

beiing fixed to the top of the poles, and the other, by means of a roiie,

to the piece of ordnance : the rope from the upper block passes over

the windlass before mentioned.

Two poles fastened together at the top, and set up like the sides of

the letter A, the whole being kept steady by means of ro|>cs made fast

to the upper extremity and to strong pickets driven into the ground,

are also employed for raising or lowering artillery, by means of two
blocks with their rope, the extremity of the latter usually passing round
the cylimler of a windlass, capstan, or crab. This apparatus is called

heaia.
GIPSIES. [Gtpsim.]
GIRDERS. The timber or iron beams, employed in building

operations to carry loads over Vtrm openings, are known technically by
the name of Girdcn, either simple or framed. The former will alone
be noticed hare.

A ample girder reaista the action of the weight brought upon it by
it* inherent tnaavena strength, and it must be evident to any one

who would obsenra the manner of fraoture uf any such beam, tliat the
fracture is produced by the extension of the lower fibres, and by the

oompreaion of the upper ones, whilst the intermediate part of tha
baam plays but an insignificant port in its reaiatance, so long ••
the upper and the lower portions ara not overstrained. Theoretieally,

then, the middle parts of a beam might almost be eliminated, because
they not only do not render any service, but they actually tend to

increase the load by their weight ; but, from the physical nature of

the materials usually employed as girders, it is hardly iiossible to

attain this condition, aud the eSbrta of the oonstructon are therefore

limited to the attempt to approach, as nearly as may be, to the form
of a girder of the maximum reaistanoe with the minimum quantity of

materiaL This form varies with arery description of wood, or of

iron ; but the character of the growth of timber renders it unnecessary

to pay much attention to the varying resistances of its fibres to com-
pression or extension ; whilst, on the contrary, it ia easy to modify the

disposition of the metal, whether wrought or cast, so as to call into

play its various properties under the most economical conditions.

The strength of a simple timber girder is found, experimentally, to

increase directly as the width, and as the square of the depth ; or, if

a beam of 6 inches on the sides bear a certain weight, two such beams
will bear twice that weight, and a beam of twice the depth will bear

four times the weight ; the strength is likewise inversely as the length.

These ratios are usually expressed by the formula ——, in which 6=

the breadth, d the depth, and I the length ; and it requires simply to

be mixlified by a coetficieot, dependent u|>on the specific strength of

the kind of timber under consideration, to furnish a correct indicttion

of the powers of resistance of a girder ; or the breaking weight in

pounds of a girder will be represented by
I

in which the new

term, e, is the constant of the wood. Barlow, Nelson, Hoore, and
Dennison give, in the papers of the Royal Engineers, a table of con-

stants which is now generally adopted ; and from the fact that the

results it indicates are considerably within the real capabilities of tha

various woods, there seems to be no reason for objectinjg to it :

—

Kind of Wood. 8p.gr.
Valoc
off.

Kind of Wood Sp.gr.
Value
ofr.

Ash, English . •760 SCO Pine, American, yellow . '308 30«

„ American . -aie no pitch . -740 431
Beech, English . -696 390 „ Danzig . -649 3SS
Birch, common . . •in 482 „ Mcmel . . 001 334
Cedar of Lebanon . . -330 373 II Riga . . . •6*4 346

Elm, English . . -ilB 200 Fir, spruce . '503 336
Hickory . . . -831 632 „ „ American . -772 280
Oak, English . . -829 424 „ Mar Forest . •698 308

„ African . -988 £30 Deal, ChrUtianU . . 689 400

„ American, white . -779 433 Larch . •50S 258

i> II red . -952 422 Tamorak . . -433 230

„ Danzig . . -720 377 Mahogany . •688 430

„ Memcl . . -727 416 Teak . . -729 327
Pine, American, -white . -432 307 Vancourer's Island Br,

728
r«d . -476 382 one experiment only

••

The manner in which a load is applied to a beam, it must however
be observed, considerably modifies its resistance; for if the load be
distributed equ.ally over the whole length, the beam would carry twice

as much as it would do if the load were concentrated in the centre.

Again, if the ends of the beam be fixed, the breaking weight it would
carry would be increased, upon the average, nearly in the ratio of

2 to 1. The values of c, given above, have been ascertained from tha
results of experiments on beams whose ends were looae ; but as the
efi°ect of a permanent load (in producing fracture) is so maricedly

greater than that of an instantaneous load, it is not customary to take

into account the increase of resistance of girders through the tying

down of their ends, which in fact almost always occurs in building

operations. The >^ues of the above table are the instantaneous

breaking weights of the average qualities of the woods named, and
therefore the weight actually placed upon them should never exceed
one-third of the amount they indicate ; or, in other terms, the safety

load of a beam should never exceed one-third of the breaking weij^t.

Bufltin states that he had found that beams would break at the end of

six months under two-thirds of the load they might bo able to support

for one day. It is essential also to observe that the cliaracter of the

load will affect the resistance ; for a dead weight produces a far less

injurious action than would be produced by a rolling or a variable

weight ; and that the various kinds of wood yield in very different

manners. Some of them deflect in an extraordinary d<^7«e, whilst

others change but slightly in their outlines, and break suddenly,

without wnniing, after their limits of elasticity have been exceeded.

The form of beams which is able to do the maximum amoimt of

work with the minimtmn amount of substance is usiudly coDsidtred to

be, according aa the beam is supported at one or at both ends (Wane's

'Dynamics,' 1851), as follows:—For beams supported at one end;
1. a. If the load be constant, and applied at the extremity, and the depth
of the beam be also constant, the transverse section should diminish

gradually from the point of support towards tlie extremity ; b. If the

breadth be constant, the depth should vary as the length ; if both
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breadth and depth rary, the vertical section should present a cubical

parabola. 2. If the beam should only have its own weight to support,

it should present in vertical section a double parabola, whose depth

should be as the square of the length. 3. If the beam should be

evenly loaded upon its surface, and the upper surface be horizontal,

the lower surface should be a straight line meeting the upper surface

at the extremity ; the depth at the point of support being the one
required to resist the effort of the load and of its leverage ; and if an
ivdditional load be placed at the extremity of the beam, the under
surface should present a parabolic curvature.

For beams supported at both ends :—1. If the beam be loaded at

only one point, it should present a parabolic vertical section, falling

each way from the loaded point. 2. If the beam be loaded imiformly,

the upper surface should be elliptical, and the lower one straight.

3. In Sanged beams evenly loaded, the upper surface should be made
j)araboUc instead of elliptical, and the sides of the flanges in plan

Aould also present a parabolic curvature.

In modem construction the openings between the points of support

and the loads to be supported, are often so far in excess of the powers
of wooden beams that it is necessary to resort to the use of iron in one

or another of its forms ; and, practically, this is effected by the use of

iome modification of the flanged section. Numerous experiments have
been made for the purpose of ascertaining the best proportion to be

given to metal girders, a description of which will be found in Warr's
' Dynamics ' before quoted ; in Barlow, on ' Materials and on Con-
struction,' 1851 ; Moseley's ' Engineering and Architecture,' 1843

;

Weisbach's ' Mechanics of Engineering and Machinery,' 1848; Tate,

on the ' Strength of Materials,' 1850; Fairbum, on ' Cast and Wrought
Iron for Building Purposes,' 1854 ; Hodgkinson's new edition of

Tredgold, 1856 ; Morin, ' Lemons de Mcclianique Pratique,' 1846, &c.

&c. From these authors it would appear, 1st, that the power of cast-

iron to resist a tensile strain is, when com|>ared to its power of resisting

an effort of compression, as 1 to about 5707 ; 2nd, that the strength of

caat-iron girders is nearly in the direct ratio of their bottom flanges

;

3rd, that everything else being eqiuil, the strength is nearly as the

depth. Mr. Fairbaim resumes the inquiry into the best form of iron

girder by giving the following formula for ascertaining the breaking

weight: w=l^,in which w= the breaking weight applied in the

centre ; a, the area of the bottiim flange, which is made times that of

the top one; d, the depth of the beam in inches; /, the distance

l^etween the supports in inches ; and r, a constant, ascertained ex-

perimentally to be = 26. In the best cast-iron girders the proportions

of the other re8i>ective parts than the top and bottom flanges are, a.

the width of the bottom flange is made rather less than half the depth
uf the girder in the centre ; 6. the thickness of the centre web is made
equal to one half that of the botttjm web, when that theoretical con-

dition can be attained without compromising the soUdity of the casting,

or the quality of the metal.

Compound cast-iron girders, in which the strength is obtained by a
combination of the resistances of cast and wrought iron, have been
found practically to bo liable to so many objections, on account of the
different physical properties of the two states of the metal, as to have
led to the abandonment of their use. Cast-iron beams are frequently

cast in lengths of 40 feet, and even occasionally of 70 feet, though at

Home risk. Beyond those lengths, it is necessaiy to resort to the use

of either the arche<l construction, if cast-iron be used, to some descrip-

tion of framed girder, or to the use of wrought iron.

In wrought-iron girders it is found that the proportionate resistance

of the top and bottom flanges to the efforts of compre.-«ion and
extension differ notably from those which were previously stated to

prevail in cast-iron ; for the resistance of wrought iron to compression

ii only one half of its (wwers to resist extension, and the top flanges of

«Tought-iron girders, therefore, should be made about double the
isectional area of the bottom flanges, instead of being as in cast-iron

girders only J of that dimension. Mr. Fairbaim gives the formula for

the breaking weight of a wrought-iron girder, as follows ; w= °L _f

^

in which the same notation is followed as in the formula for cast-iron

girders ; but singularly enough in working out his examples, instead of

making a=the area of the bottom flange, he attributes to it a value

derived from the width. The coeflicient, r, becomes, according to Mr.
Fairbaim, 75, when ordinary plate-iron girders are used, and 80, when
boxed girders are adopted ; and, from the experimenta he records, it

would seem that the coefficient of a lattice girder is nearly the same as

that of a plate girder. Exactly, it would appear to be 72. One of the
he^ rules for proportioning box girders is, firstly, to make the area of

the top equal to twice that of uie bottom ; to make the thickness of

the sides from
,',-i

**> aio "f *'"' depth of the tube, according to the
facilities for giving it lateral stiffness ; and then, as the span and the
depth are often given, to calculate the dimensions of the bottom flange

from the ratio, s ; rf : : < : w ; in which g= the span ; rf= the depth
;

ji=the cohesive strength of the bottom flange, calculated on the
.TSBumption that it is equal to 15 tons on the superficial inch ; iind w=
the V)rcaking weight in tons. This would, of course, give the weight
imder which the girder would instantaneously break, and it should

therefore never be approached in practice. Indeed, if the girder
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should be exposed to rolling weights, or to sudden shocks, it should

present a resistance at least six times that of the maximum load able

to produce instantaneous fracture.

"The above remarks have been designedly made as practical, and as

devoid of abstract theory as possible, leaving that part of the investiga-

tion to Resistance of Materials ; Neutral Axis ; Tubular Beams.
The reader who may desire to study the theory of the subject

is, moreover, referred to the author before quoted ; or to Clark's
' Britannia and Conway Tubular Bridges.' Framed girders are described

under Truss.
GIRDLE, a band of leather, or some other substance, to gird up the

loins : from the Anglo-Saxon gyrdel or gyrdl, and that from yyrdan, to

encircle or bind around. Girdlestead is an old English word for the

waist, or place of the girdle.

There are many passages in Scripture, as well as among the Greek
and Roman writers, illustrative of the girdle. It appears to have been
rarely worn by the Hebrews, except upon a journey. Elijah, we are

told, girded up his loins, and ran before Ahab. Girdles of sackcloth,

too, were used among the Hebrews as marks of himailiation and
sorrow.

As a miUtary ornament, it is noticed in Homer (' II.' iv. 135; v. 539,

4c.) ; and so universal was its use among the Greek and Roman
warriors, that Pitiscus, in his Lexicon, says, " Et Cingulum pro ipsa

militia usurpatur." Military girdles were often gi.veu as rewards for

bravery. The magister equitum of the Romans wore a red girdle as a

distinctive badge.

A girdle, or zone, was always worn by young women before marriage.

Hence, " Zonam solvere virgineam," to loose the maiden's girdle, in the

language of Catullus, waa a phrase appropriate to the marriage cere-

mony. Festus says, " Cingulum quo nupta cingebatiu" vir in leoto

solvebat." This girdle was usually of wool. The cestus of Venus was
the zone or girdle. It was worn round the lower p.irt of the waist,

and concealed by the falling of the tunic.

The term girdle was in ancient times very frequently used to express

the purse. An epigram in the ' Anthologia ' shows that this was the
custom among the Greeks ; and it is in this sense that we must under-
stand the fragment of Gracchus's speech to the senate, upon his return

from Sardinia, quoted in Aulus Gellius, lib. xv., c. 12 :
" Itaque Quirites,

quimi Romam profectus gum, zonas, quas plenas argenti extuli, eas ex
provincia inanes retuli."

In Mark vi. 8, when our Saviour sent his Apostles out to preach, he
commanded them to take no scrip, no bread, no money in their purse :

the Anglo-Saxon version reads, ne fcsh on hijra gijrdlwm, " nor money
in their girdles." Hence probably arose the custom, formerly used in

England, for bankrupts or other insolvent persons to put off and
Slu-render their girdles in open court.

Various passages in the classic writers might be adduced to show
that to go without the girdle was considered disreputable, and bespoke
a dissolute person. Aubrey, in one of his manuscripts, says that
" Ungirt, unblessed," was an English proverb before the civil wars of

Charles I.

Among the ancient companies of London, that of the Girdlers was
incorporated aa early as August 6, 1449, 27 Henry VI., and it has been
supposed that these were the makers of girdles. Their armorial ensigns

are, " Per fees, az. and or, a pale counter-ch^ged, each piece of the first

charged .with a gridiron of the second. Crest, the demi-effigy of St.

Lawrence, holding in the right hand a gridiron, and in the left a book."
Strype, in his edition of Stow's ' Survey,' conjectures, from their arms,
that the girdlers were originally a fraternity of St. Lawrence. But, as

Mr. Thoms, in his edition of Stow, suggests, these arms seem to indicate

pretty clearly that the girdlers were really makers of the girdles, or

griddles, still used for baking oaten cakes in every household in

Scotland and much of the north of England.
GIRONDINS was the name given to a jMlitical party which fonned

a section of the second National Assembly of France, called " Legis-

latif," in contradistinction to the first or " Constituante," which
framed the constitution of 1791. The members of this party were
mostly returned by the departments of the west and south ; and as

their leaders, Vergniaud, Guadet, Gensonn^, &o., represented the
department of La Gironde (Bordeaux), the party took the name of

Girondins. They showed themselves from the first hostile to the
monarchy, and they stood opposed to the constitutionalists, who wished
to maintain the constitution of 1791. The Girondins were republicans,

who had formed notions of liberty on classical models, such as they
were then conceived by ardent young men. They had among them
some brilUant oratore, and several accomplished and amiable indivi-

duals ; but as a political party they placed themselves in a false posi-

tion, and they did great mischief to others. By their opposition to the
constitutionalista they weakened the strength of the middling cla-sses,

and left the field open to those who, like Danton, addressed themselves
to the passions of the lower orders. They at one time obliged the
king to choose a ministry from among themselves, including Roland,
Servan, Clavifere, and Dumouriez, and they seemed for awhile recon-

ciled to the constitutional monarchy ; but a schism broke out among
them, and they resigned. Soon after came the scenes of June and
August, 1792, which the Girondins indirectly sanctioned, and which
destroyed the monarchy in Franco. In the Convention the Girondins

for the most part voted for the death of the king; they tried indeed to
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obtetB > i»|Ml«te for him, but ia Uiii tbqr (uM. They then bogio

to faal tlxir waakneai ; ttiey itniai^ for Mvoml manths agunst the

Mfiwitiiirjr of the Montagoe or IWorbt party, whidi waa supported

kgr the nob; the Oiroodin* wUiad for legal forma, th^ denounced the

IMUmhiT*"" *'. but thejr had no rapport out of doora to dep>!nd

faa. At tha aaaa time they excited the repuUiuan enthuaiasm of

the French, and it WM Briaaot, one of their leadara, who proclaimed

the principle of ihlimei atic proaelytiam, afterwarda aanctioitad by the

Conrentiun, by ita de«!ree of the 1 7th of Daoaanber, 170S. But thia

turned to the profit nf the Tcrroriata at home, who were the men of

the lowar rilaaaiia. which the Oirondina w«re not. The latter en-

daavourad to create an oopoaition in the departmonta, to counter-

balaoee the influence of the Paris decnagoguex, but they were denounced
aa wiahing and conspiring to split France into as many republics as

thsre were departments. At la«t, on the 31st of May, I79S, the Con-
Teation waa aasailed by armed multitudes, demanding the imprison-

ment of twenty nine deputies of the Girondin party. The Assembly
waa obliged to give them up, and on the Slat uf Uctj>ber following

tweuty-one of them ware executed, including Vergniaud, Qaudet,

Oensonn^, and Briasot. Others were beheaded afterwards. A few
•naped, and reappeared again in the Convention after the fall of

Robiapierre. Uumont, in Us ' Recollections of Mirsbeau,' ch. 18-20,

givea some vivid sketches of several of the leaders of the Girondins

;

and Lamartine has written a ' History of the Qirondists.'

OITUAOIN, a peculiar kind of Saponin, obtained from the com
lychnis (Lychnit gitkago and Agrottemnta gilkago). [Saponin.]
OLACIS, an elevation of earth surrounding a fortress on the

exterior of the covered-way, tu which it serves aa a parapet, [g, s, fy.
1, Bastion.] Its crest is eight feet above the terreplein of the
oovared-way. and its superior surface, which descends with a gentle

slope towards the country, meets the natural ground at about fifty

yards from the covered-way.

The glacis conceals the u]>per part of the masonry of the escarp from
distsnt breaching batteries, and by forming an inclined plane ascending
towards the fortress, serves to expose the approaches of the besiegers,

when they arrive near the place, to the fire of artillery from the
bastions or mvelina; and a banquette, or step, at the foot of its

interior slope, enables the defenders to graze its superior surface by &

firo of musketry, and gives the further defence of another line of

simultaneous fire.

Any elevation of earth beyond Uie ditch of a fortress, and forming
an inclined plane descending towards the latter, is called a reverse or

counteralope glacis.

GLADIATORS were men who fought with swords, 'gladii,' and
other weapons, and wounded and killed uue another in the circus, the
amphitheatre, and other public places, for the entertainment of the
Roman people. They were either slaves, prisoners or convicts, and as

such obliged to fight ; or volunteers, who exhibited for money. There
were esti^lishmeuts in the Roman towns, in which the gladiators were
boarded and taught their art, and in which a certain number of those

who had been trained were always kept in readiness fur the fight.

Their master and keeper was called Lanista. Gladiators were c)BMed
and named according to the weapons they used, and their manner of
fighting- thus Ordinarii were those who fought in |>aira in the
ordinary way ; Calervarii, ^ose who fought several together ; Equita,
those who fought on horseback ; Rttiani, those who used a sort of

fork called a tridens, and a net which they threw over their opponent,
who usually carried a short sword and shield; Arulabato', who fought
blindfold, their heads being covered with helmets which had no
i^tertiires, and whose manoeuvres were consequently exceedingly
ludierous ; Hoplomada, who fought iu complete armour, £c. All bore
armour on the right arm, if nowhere else ; and except the Retiarii,

AVNOIE C

wore helmets, and oarried shields. The Bntiarii, who fought with wild
animals for money, were not ranked among the gladiators. When k
wealthy man wanted to give a gladiators' fight, either at a funeral or on
any other public ur private occasion, he faaigained with the Lanista far

a oertftin price to give him ao many pairs of gladiators. Out of each
pair one waa to die, if so required by the speeteton. Palnu were
given to the victors. When a gladiator was aaverely woundeil, so as to

be imable to fight any longer. Us antagmilt stood over him with his

sword ready to kill him, and looked up to the aawmbly for its fiat. If

the majority turned their thumbs downwards, that was the aignal of

death. The origin of this barbarous custom seems to have boon
derived from the praotioe of killing a certain number of ceptives at the

funeral of a chieftain. Homer representa AcUUes as sacrificing twelve
young Trojans at the funeral of his friend Patroclus. Afterwards,

ustaad of butchering the prisoners like so many cattle, it waa thought
better to make them fight round the funeral pyre, when the con-

querors bad a chance of eso^ting with their lives. By degrees the

custom was extended to all great festivals, for the amusement of the

spectators, and the waste of human life thus wantonly sacrificed was
increased to a fearfiU extent in the Uter times of the Koman republic

and under the empire : on the oocaaion of Trajan's triumph over the

Dacians 10,000 gladiators are said to have fou^t. The practice was
defended even by grave men, and Cicero among the rest, as serving to

keep up a martuil spirit and a contempt of death among the people.

It certainly contributed to render the people ferocious and crueL
Constantine prohibited gladiators' fights by an edict ('Cod.' xi., tit. 48),

but the practice, it is said, was nut totally extinct in the West till the

time of Theodoric. The Greek republics did not adopt the custom of

gladiators' fights. It was a practice essentially Roman, and the Romans
are said to have adopted it from the Campanians, who had gladiators'

fights even at their banquets. (Lipsius, ' Saturnalia ;' Ferrari Octavius,
' Dissertatio de Gladiatoribus.')

Rome was at one time near paying very dearly for this inhuman
pastime. In the year 76 B.c. seventy-four gladiators at Capua rose

against their master, overpowered the guards and fled to the moun-
tains, where they were joined by runaway slaves and peasants, to

the number of several thousauds. ISeing led by a gladiator of the

name of Spartacus, a Tbracian by birth and a man of superior abilities,

they defeated several lioman armies, overran Campania, Lucanis, and
other provinces, took and plundered Nola, Kuoeria, and other towns,
and spread alarm almost to the gates of Rome. But dissension grew
up among their ranks. One portion of them, chiefly Gauls, separated

from the rest under one Crixus, and were defeated and cut to pieces

by the consul Oellius. Spartacus, who was on his march towards
North Italy, having retraced bis steps on hearing this news, defeated

Uellius, as well as the utber consul Lcntulus, and then furtified himself

in the mountains of Lucania. He performed a solemn funeral in

honour of Crixus, who liad fallen in battle, and obliged 300 Roman
captives to fight as gladiators round the pyre. The war lasted three

years, at the end of which Spartacus was defeated by the prtctur M.
Crassus, and was killed after performing prodigies of valour. (Livy,
' Epitome,' 95-97 ; Eutropius, b. 6.) [Cbassus, in Bioo. Drv.]

'There are several ancient statues, highly praised for their workmau-
ship, which represent or are supposed to represent gladiators in several

attitudes. One of the best is the ' Fighting Gladiator' of the Borghese
collection, now in the Museum of the Louvre. The ' Dying Gladiator'

of the CapitoUne Museum has furnished Byron with the subject of one
of the finest stanzas of his ' Childe Harold :' " I see before me the

Gladiator lie." In the tomb of Scaurus at Pompeii is a series of basai-

rclievi, which aided by the inscriptions placed above each group, illus-

trate very clearly tl\c manner of fighting of the gladiators. The annexed
cut is from a jmrtion of the upper friere. The pair on the right are

A'ftSFllKII- P-f "VMJ^k^

a Thrax (Thrneian) and a Myrmillo (supposed to b« One of the Gaulish
tribes). The Myrmillo, who, the Inscription states, hat been a con-

Sueror fifteen timea, is now vanquished by one who has conquered
^irty-four time* ; he begs his life, but the letter e (the initial of 0a»wr)

indlestes that ho was to be put to death. The oUier group ape two

retiarii, with two teCHtont, or followers, so called because being com-
munly matched against the retiarii, their system was to pursue their

antagonists who sought to elude them, till they found an opportunity

to cast the net. In Uds case, a seoutor has been defeated, and pleads for

mercy; the spectators however have turned down their thumbs, but as
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the trident with which the retiariua is armed is not a weapon fitted for

speedily despatching a man, the poor wretch's fellow secutor, Hypolitus,

has to perform this last office, prior to encountering in his turn another

retiarius, who is seen waiting in the distance.

GLAIRIN ; Bareyin ; an azotised matter found in the water of hot

sulphureous springs. It has been compared to albumen and gelatin,

but its composition differs considerably from these bodies. It con-

sists of,

—

Carbon 45-20

Hydrogen 6*95

Nitrogen 6-60

A>Ix lO-JO

Oxygen 1"55

100-00

GLANDERS, or Farcy, is a name given by veterinary surgeons to

a disease affecting horses and other cattle. It appears in the form of a

suppurative disease of the mucoid membrane of the nose and of a

pustular eruption. The former is sometimes called glanders and the

latter farcy, but the two often occur together, and the pus discharged

by the one will produce the other. In 1821, Mr. Muscroft drew

attention to the fact that this disease could be communicated from the

horse to the human system. In the same year cases occurred in Ger-

many, and since then it has been demonstrated by a large number of

cases that this disease often spreads from the horse to man. When it

attacks man it is cliaractensed by vascular injection of the nasal

mucous membrane, on which chancre-like sores are formed, extending

to the frontal s'mus and neighbouring mucous surfaces, from which a

profuse and offensive discharge flows. At the same time a tubercular

or pustular eruption appears upon the skin, followed by suppurating

bloody or gangrenous ulceration in various parte. These symptoms
may be either acate or chronic. In the acute cases a primary fever is

followed by the local disease. In chronic cases the local affection alone

presents itself. The acute disease is ushered in by rigors, pains in the

back and limbs. These symptoms are followed by phlegmonous
tumours in various parts of the body, which are accompanied with pain

and tenderness, and terminate in abscesses or boils. At the same time

a discharge takes place from the nostrils of a matter more or less

purulent, viscid, and mi.\ed with blood. The eyelids frequently

become tumefied, and discharge a thick viscid matter like that from
the nose. About the twelfth day of the disease an eruption breaks

out on the face, trunk, and limbs. It is preceded and accompanied by
profuse and fetid sweats. The eruption is scattered, and resembles,

according to circumstances, the vesicles of cow-pox, or the pustules of

small-pox or ecthyma. These are sometimes accompanied vrith large

vesicles (bulla;), which become black, and discharging leave gangrenous

sores. At first the pulse is full and quick ; but it becomes rapid,

small, irregular, and intennittent. The tongue is at first loaded with
white fur, which afterwards becomes brown or black. Diarrhoea and
tympanitis often come on in the course of the disease. This disease is

generally fatal from the seventeenth to the twenty-first day. In the

chronic cases the febrile symptoms are not so prominent. The local

symptoms are much the same, but they progress more slowly. The
abscesses are attended with a large amount of subcutaneous inflam-

mation. A twelvemonth has been known to elapse in such cases as

these before a patient has recovered or died.

There is no doubt that these symptoms are the result of a ]>oison

introduced into the system of man from the horse. In all cases con-

tact with glandered horses has been ascertained to have taken place

before the breaking out of the disease. Matter has been taken from
the ulcers and membranes in men, and horses have been inoculated,

and the disease has been produced. The disease has also been produced
by compelling animals to swallow the poisoned matter in their food.

There can, therefore, be no doubt that the poison can be absorbad
both from mucous and cutaneous surfaces. This being ascertained, it

becomes more than ever necessary to prevent contact with glandtfed
horses. Such horses have been known to give the disease to persons
riding behind them or passing near them by snorting the matter from
their nostrils into the air. All gkndered horses ought to be destroyed.
In Germany the conviction of the danger of this disease is so strong, that
all horses proved to have come in contact with glandered horses are
ordered to be destroyed. Not only can this disease be communicated
from horse to horse, and from the horse to man, but cases have
occurred in which those attending glandered individuals have become
affected. The poison of glanders soon manifests itself. Mr. Turner
inocuLited two young donkeys, and in one the maxillary glands became
tender on the second day, and the discharge took place from the nose
on Ijie third flay, whilst in the second the glands became swollen on
the third day, and the discharge took place on the sixth. Cases have
been recorded in which the incubation of the poison must have taken
at least three months. In the human being the poistm has remained
latent from two to eight days after exposvu-e.

This disease in its acute form is very fatal. Of fifteen cases
recorded by Rayer only one recovered. Of the treatment, therefore,
little can be said as a matter of exj>erience. The general symptoms
in the latter stages are those of low malignant fever, and a stimulant
plan of treatment is iudicate<l. Cases have been bled and cupped, and
the blood was buffed, but there is no reason to believe that the

bleeding did any good. In the chronic forms of the disease recovery

is more frequent. The symptoms indicate the necessity of a

generous diet.

We add the following remarks by Mr. Finlay Dun, V.S., in the 14th

vol. of the ' English Agricultural Society's Journal,' pp. 128, 129 :

—

"From their weak and unsound constitution, horses of a scrofulous

diathesis are unusually prone to glanders and farci/—two forms of a

disease peculiar (at least as an original disease) to the eciuine species.

As has been already remarked, it is characterised by a specific unhealthy

inflammation, identical in all important characters with the syphilitic

inflammation in man. From the dire and loathsome nature of glanders

and the terror in which it is held, animals affected by it are never

UBe<l for breeding, so that we have little opportunity of judging of its

hereditary nature. There is no evidence (so far as I know) which

proves it to be directly hereditary, but there is no doubt that the

progeny of a glanderous horse would exhibit an \mu3ually strong

tendency to the disease. Though I am not aware of any facts proving

glanders to be congenital, yet I think there is every probability that

such is the case; for it is notorious that syphilis, the analogous

disease in the human subject, is congenital, and often appears at

birth in the children of women affected by that disease. Its ordinary

predisposing causes are, many of them, hereditary ; it is very prone

to attack animals of a weak or vitiated constitution. It is emphatically

ilie disease which cuts off all horses that have had their vital energies

reduced below the healthy standard, either by inherent or acquired

causes. Glanders is also sometimes caused by inoculation ; is fre-

quently produced in healthy subjects by mismanagement, as by in-

sufficient food, want of shelter, and overwork ; and often supervenes

on bad attacks of influenza, strangles, diabetes, and other diseases

which debilitate the system, or impair the integiity of any of its more
important parts. These causes appear to possess the power of engen-

dering in the constitution of the horse a peculiar poison, which, as it

reproduces itself, and spreads to all parts of the body, gives rise to

the characteristic symptoms of glanders, causing, sooner or later, a

breaking up of the system, and a fatal prostration of the vital powers.

This poison produces in the blood abnormal changes, which vitiate

that fluid, and unfit it for healthy nutrition. From the irritant action

of the morbid fluids passing through them, the lymphatic glands and

vessels become inflamed, and lymph is deposited. This, however,

being of an unhe.ilthy nature, soon runs on to softening, which extends

to the skin overlying the part, and ulcerating farcy-buds are formed.

On the surface of the more vascular mucous membranes effusions of

tubercular matter are also poured out
j
these take on an unhealthy

inflammation, and degenerate into chancrous ulcers, which may gene-

rally be seen on the mucous membrane of the nostrils in most bad
cases of glanders."

GLASS MANUFACTURE. Glass, one of the most beautifid of

manufactured products, is a transparent, solid, and hard substance,

exceedingly brittle while cold ; but by the application of a high degree

of heat it is rendered so flexible and tenacious that it may with the

utmost facility be moulded into any form. It is so ductile while

heated, that it may be spun into filaments of the greatest conceivable

fineness ; and these when cold are exceedingly pliant and elastic.

The time at which glass was invented is very uncei-tain. The
popular opinion upon this subject refers the discovery to accident.

It is said (Plin. ' Nat. Hist.' hb. xxxvi., o. 26) " that some mariners,

who had a cargo of nilrum (salt, or, as some have supposed, soda) on
board, having landed on the banks of the river Belus, a small stream

at the base of Moimt Carmel in Palestine, and finding no stones to reet

their pots on, placed under them some masses of nitrum, which, being

fused by the heat with the sand of the river, produced a liquid and
transparent stream : such was the origin of glass." The ancient

Egyptians were certainly acquainted with the art of glass-making.

This subject is very fully discussed in a memoir by M Boudet, in the
' Description de I'Egypt,' vol. ix., Antiq. Memoues. The earthenware

beads found in some mummy cases have an external coat of glass,

coloured with a metallic oxide : and among the ruins of Thebes pieces

of blue glass have been discovered. Sir Gardner Wilkinson adduces

three distinct proofs that the art of glass-working was known in Egypt
before the exodus of the children of Israel from that land, more than

3500 years ago. The manufacture of glass was long carried on at

Alexandria, from which city the Ronwns were supplied with that

material ; but before the time of Pliny it had been introduced into

Italy, France, and Spain (xxxvi., c. 26). Glass utensils have beeu found

among the ruins of Herculaneum.
The application of glass to the glazing of windows is of comparatively

modem introduction, at least iu northern and western Europe. In

the year 674 artists were brought to England from abroad to glaze the

church windows at Weremouth in Durham ; but even in the year 1667

this mode of excluding cold from dwellings was confined to large esta-

blishments, and by no means universal even in them. An entry then

made in the minutes of a survey of Alnwick Castle, the resideuce of

the Duke of Northumberland, informs us that the glass easements were

taken down during the absence of the family, to preserve them from

accident. A century after that time the use of window-glass was so

small in Scotland that only the upper rooms in the royal palaces were

furnished with it, the lower part having wiwden shutters to admit or

exclude the air. It may be presumed that this window-glass waa of
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iiaiiie-mike. Th« oarlitMit nunubotare of flint-gUas in EogUnd waa

bagun in 1557 ; and the progTBaa made in perfecting it waa ao alow,

mr the olthat it wu not until near the oloae of the 17th century that thia

oountty waa independent of fotvigneni for the supply ut the conimou
article of drinking-glaaaea. In lt!73 some plategUua wan made at

Lambeth, in woifa aupported by the Duke of Buckinghaiu, but whidi
were aoon abandoned. It waa exactly one century- later that the firat

eataUiihment of magnitude for the production of pUte-gUaa waa
formed in thia country, under the title of " The Governor and Com-
pany of Britiah Cast PUte-^aaa Manufacturers." The membera of thia

oompany aubaoribed an ample capita], and works upon a Urge scale

wen eraotcA at Ravenheod, near Preacot in Lancashire, which hare

been in conitant and sucoeasful operation from that time to the

prewntday.
There are several distinct kinds of g^aas, which differ from each

other in regard to some of the ingredients of which they are made,
and in the processes of manufacture. The names rrom, JliMt, enl, tciit-

dow, Jud, broad, tprtad, bUnm, out, plate, Ac., gUss, are not very well

ehowo ; but whatever be the names, the principal ingredients euiployed

are silex or flint, and an alkali. The differences in the various kinds

result from the description of alkali employed, and from the addition

of certain accessary materials, usually metallic oxides. The form in

which silex is now generally used in this country for glass-making is

that of sea-aand, and care is require<l to select those kinds which are

free from foreigu matters and impurities. The port of Lynn in Nor-

folk, and Alum ISay in the lele of Wight, have long fumishud the

greater part uf the silex used in our glass-houses. Flint-gltss derives

Ha name from the practice in former times of using flinte calcined and
ground in the manner now employed for making porcelain ; but this

has long been discontinued. Of late there has been some apprehension

of a scarcity of sand suitable to the manufacture ; and a good ides'may
be formed as to the importance attached to the purity of this chief

ingredient from the fact that sand has been imported for the purpose

from New South Wales. The alkali employed for making fine flint-

glass is pearl-ash, purified by solution and subsidence, in which process

impurities to the extent of one-third of the weight are removed.

Coarser alkaline substances are used for making inferior kinds of glass

:

the impurities even assist towards fusing the silex ; but such alkalies

all contain iron in some degree, and it is to the presence of this metal

that the green colour of common glass is owing. Barilla and kelp

were formerly the chief sources of tie soda employed ; but in recent

years the carbonate and sulphate of this alkali have been obtvued
from common salt ; either one alone, or the two combined, being

ohooen for different kinds of gloss.

We shall now treat succinctly of the processes by which the prin-

cipal kinds of ghuis are produced.

Flint Olau. This, known in other countries under the name of

crystal, is the moat generally useful, the most brilliant, and the heaviest

deacripiion of glass. This last quality it owes to the large quantity of

oxide of lead which it contains, and which is used sometimes in the

form of minium, but more frequently in that of litharge. The metallic

oxide acta as a flux, and promotes the fusion of the other materials

at a comparatively low temperature. The greater density which it

imparts gives to the glass a greater power of refracting the rays of

light ; and it is this quality which renders flint-glass of so much im-

portance for optical purposes. Nitre in a small proportion is used fur

the daatruction of any carbonaceous matter in the other ingredients
;

the oxygen which it gives out in the furnace further Ber\'C8 to maintain

at their highest degree of oxygenation the metallic oxides that are

present Black oxide of manganese in minute proportion is also used

to remove any foul colour that might otherwise remain through the

impurity of the alkali used; its cleansing property occasioned thia

oxide to be known formerly under the iiamu of gloss-soap. Any undue

Sroportion of manganeae would impart a purjile hue to the mass ; and
any oonaiderable quantity be used that colour will be deepened

almoat to bhkck. When through inadvertence the glass has been made
purple, the colour will be almost instantly discharged by thrusting a

piaM of wood into the melted maaa. The cause of these changes is as

foUowa :—The purple colour given by oxide of manganese arises from
ita being in a high state of oxygenation ; the wood when thrust into

the haotad mass beoomea ipeedily carbonised, and the carbon, com-
bining with the auperfluous oxygen, i* driven off in the form of carbonic

add gaa ; if by the addition of nitre the quantity of oxygen is again

inaraaaad, it will combine with the manganese, and restore the purple

ooloor. It will be seen from these circumatancaa how much skill and
cxpariance are ntcissiiiy for the due mixture of ingredients so as to

ftvduoa glaai of the hart quality. The manubcturera of flint-gUss

are generally unwilling to diaclooe the preciaa proportions in wbich
they employ the raquuita ingredienta ; and it is prolmble that each

has a favourite recipe of his own. One kind conaists of 120 parts fine

dlaaD wUte sand, 4U wcUpurified pearl aah, S5 litharge or minium, 13

iritre, and a small (undefined) quantity of the black oxide of manga-
naae. The French ohemista reoommaad a much larger proportion of

oxide of lead, but this is found to make the giaaa inronveniently soft.

Where leas matallio oxide ia used, more nitre U raquirad as a flux, and
rictvertd.

The iagredionta, in what«T«r proportiona selaoted, must all be inti-

mately nuzed before they are put mto the cruoiUM or pota, which

are previously placed in the furnace. These pots are very carefully

made of Stourbridge clay ; they are about a yard in height, with only
one arch-ahapcd u|iening at the aide, and each will contain 1(! cwt. of
giaaa. As the bulk decreaaea by fuJdon, freah portions of the ingre-

ICelUiig-pots for FUnt-glsss.

dients are added until the pots are full of melted glass. A very strong

and long-continued beat is necessary, not only for the perfect fusion

and amalgamation of the materials, but also fur the discharge of the
impurities which they contain. The chief of these, known under thn

name of sandivir, or glass-gall, consists of salts existing in the alkali

which have but small affinity for silex, and from their specific levity

rise in the form of a white porous scum to the top uf the crucible,

whence it must be removed before it is volatilised by the excessive

heat of the furnace This glass-gall is used as a powerful flux by
refiners of metals. When the whole of the impurities have been
thus thrown off by the action of heat and are removed, and the
glass, or metal, as it is called, appears culourlesa and translucent,

the vitrification is known to be complete. The temperature of the

furnace is then lowered by preventing the access of air until the glass

loses a part of ita fluidity, and assumes that pasty character which
is the most convenient for the workmen ; it being sufficiently consistent

to be tenacious, but soft enough to yield to the slightest pressure with-

out cracking or losing its tenuity. The material is usually brought to

a perfect state of vitrification in about forty-eight hours nvm the first

application of heat.

There is perhaix<! no process of monubcture which more excites the

surprise and admiration of a stranger than that of fashioning flint-glass

into all the various objects of convenience and ornament for which it

is employed. To see a substance, proverbially brittle, blown with the

human breath, pulled, twisted, cut, and then joined again with tlie

greatest facility, never fails to strike with astonishment Uiose who ore

unaccustomed to the sight. The tools with which all these oiierations

are performe<l are of the most inartificial description, and du not appear

to have received any improvement from the earliest records of the

manufacture. Most articles in flint-glass, such as drinking glasses ,

cruets, decanters, phials, &c., are made by the combined proceasaa of

blowing, manipulation, and casting, in varying degrees. A square

perfumery bottle may be selected as an example of one kind. The
workman takes a long iron tube, and collects a Uttle of the melted glass

on one end of it, by thrusting the tube through the open door of the

furnace into the mouth of the melting-pot ; this pasty glass is rolled

into a cylindrical form on on iron plate, and is pinched at one phice

to form a neck. The glass is then thrust into a brass or iron mould,

and the workman blows tliruugh the other end of the tube; the

mould gives an external shape to the glass, while the current of

breath hollows the interior. All this is done in less than half a minute.

The mould, which consists of two halves hinged together, is opened ;

Uotalds for outing Flint-EloM battles.

the gUaa is taken out ; it is detached from the tube by a touch with

a piece of cold iron ; it ia taken up on the end of a heated rod by

another workman ; and by means of a few simple tools the neck

ond mouth of the bottle are finished. A claretjug may be taken as

an example of another large class of flint-glass maniitactures. The

workman collects a consideiabla quantity of melted glass on the end

of his iron tube, which is raiaed to elongate it, rolls it into a cylin-
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drical shape, and blows through at the other end of the tube. Another

workman then takes it ; and by a combined process of blowing, rotating,

Blowing for FUot-glus.

and manipulation with small tools, the mass of glass gradually assume-s

be form of a jug, without being cast or pressed into any mouldT A

Flint-glazs working.

small quantity of glass is added and speedily fashioned into a foot for

the jug, and another similarly for the handle. All these operations

are eflected with surprising quicknes-s and precision. The glass is in

such a medium state between solid and liquid, that while, on the one

hand, it would drop from the tube if not kept rotating, it is, on the

other, susceptible of being pulled, stretched, cut, pressed, and worked
in various ways. The workman has nothing but his hand and eye to

guide him in giving accuracy of shape to the article manufactured.

The faciUty with which an additional piece attaches itself to and
becomes part of the larger mass, enables the workman to supply all

such appendages as the stems and feet of wine-glasses, the handles and
lips of jugs, &c.

Flint-glass is used for a large variety of purposes, and many adjust-

ments of the manufactui-ing processes are found necessary. Thermo-

meter and barometer tabes are made by an operation which depends on
the remarkable ductiUty of glass. A workman collects a quantity of

glass on the end of a tube ; rolls it on an iron plate into a cylindrical

form ; blows into it to form a cavity within ; and attaches the other

end to a heated rod. Two men—the one holding the tube and the

other the rod—then walk backwards, stretching out the tube of glass

to a length of 40 or 50 feet. One of the most remarkable circum-
stances connected with this operation is, that the hollow within the
glass retains exactly the same shape, although the mass may be
extended from a few inches to 50 feet in length ; and the workman
can thus obtain either cyUndrical or flattish tubes, as may be required.

The tubes are broken into smaller lengths for use. In making ylaes

headt, a very fine and narrow tube of glass is taken, and one end
is placed in the flame of a lamp while the workman blows in at

t^>e other ; he expands the heated end into a small hollow sphere by
the action of his breath, and then breaks it off. So rapidly is this

done, that one workman can produce five or six thousand in a day.

Some of these beads, made of coloured glass, are used for necklaces;
some, carefully treated afterwards, become duU>' eye» ; while others,

made of a slightly bluish-white glass, become artifiial pearU, by being
coated on the inside with pearl-essence, or essence d'Orient, a liquid
prepared from the scales of the blay or bleak fish. The substance
called avanlurine glane, a Venetian product, is applied to the manu-
facture of trinkets and ornaments, and is named, on account of its

resemblance to the natural crystal, avanturine. It is a yellowish-brown
glass, inclosing fine thin yellow lamina; or scales of a brilliant metallic

lustre. The manufacture is not well understood in England. Some
think that the yellow lamina; are produced by melting scales of meta
or mica with the glas.5 ; but it is deemed more probable that a salt of
copper is mi.\ed and melted with the glass, and that a powerful
reducing agent decomposes this salt during the melting, and separates
the copper in the state of thin metallic scales Venetian and Boliemian
glass are in general illustrations of the gi-eat diversities which can be
produced in glass, by adding metallic oxides to produce colour, and by
a peculiar treatment of the finishing processes ; but the rationale and
general character of the manufacture are sufficiently denoted by the
description given above. The fanciful productions known by the
names of Venetian hall, Venetian filacp-ee, Mitlifiore glass, Mosaic glass,

Smetz glass. Vitro di Irino, &c., are all specimens of flint-glass which
have undergone peculiar treatment. Optical glass is mostly flint-glass,

although the difierent refrangibility of other kinds leads to the com-
bination of two or more in producing achromatic and aplanatic lenses.

But, in truth, opticians care little about the name given to their glass

;

they have long been trying, and still are trying, to produce pieces large
enough for telescopes of gi-eat diameter, and perfectly free from specks
or blemishes ; and if they succeed in this, it matters little whether the
substance more nearly resembles fliut, or plate, or crown glass. Mr.
Cooper, a glass-m.inufacturer at Aberdeen, sent to the Scottish Society
of Arts a few years ago two recipes for optical glass, which he had
found advantageous. The first consisted of well-washed and sifted

sand, 60 parts; oxide of lead, 60; purified carbonate of potash, 15

;

saltpetre, 34 ; and broken flint-glass, 15 to 20. Another kind, heavier
and of greater refrangibility, was composed of sand, 60 parts ; oxide of
lead, 03 ; carbonate of potash, 14 ; saltpetre, S\ ; and broken flint-glass,

20. In 1854, M. de Peyrony submitted to the Acaddmie des Sciences
a proposal for a new mode of making optical glass for large lenses. In
the usual way, the mass of glass having been brought to a state of
fusion in the crucible, the material is simply stirred to make it homo-
geneous, and to drive out the included bubbles of air. But this double
object is never completely attained ; for the stirring itself occasions the
formation of stria;, or waving lines, which necessitate the rejection of
a large jwrtion of the glass taken from the crucible, as being unfitted
for the formation of lenses. Hence the difliculty of obtaining lenses of
large diameter. M. de Peyrony proposed to give the crucible a motion
of rotation around a vertical axis ; the centrifugal force, he suggested,
would unite the air-bubbles towards the centre of the mass, while the
striio made by the stirring would for the most part disappear ; those
that remain would probably assume a circular form, and would produce
little inconvenience, provided the optician took care to make the axis
of the mass coincide with that of the lefts. The finest optical glass yet
produced, perhaps, is a telescope-lens which was shown at the Paris
Exhibition in 1855. M. Lelebours obtained the piece of glass from the
glass-works at Choi8y-Ie-Hoi,and bestowed some months of labour upon
it ; it is 1 4 English inches fti diameter. The French government bought
it for what was considered by scientific men an inadequate price,

—

25,000 francs, or lOOOA ; and it is now fitted into the finest telescope

at the Paris Observatory. At the same Exhibition, Messrs. Chance,
the glass-manufacturers of Birmingham, brought forward, not lenses,

but discs of glass intended for lenses, of a size never before equalled.

The discs were made, some of flint, and some of crown-glass;

two of them were twenty-nine inches in diameter each. Sir David
Brewster urged the British government to purchase these discs, and
therewith to make "the greatest achromatic telescope that was
ever contemplated by the most sanguine astronomer ;

" but without
success.

Flint glass, for domestic and ornamental purposes, undergoes many
processes after the moulding and shaping ; such as annealing, cutting,

engraving, gilding, &c. The process of annealing, intended to lessen

the brittleness of the glass, is noticed under Anneahno. The cutting

consists in a grinding away of portions of the glass, to produce that

peculiar eB'ect which is familiar to every one in cut-glass. This is

done by means of small wheels, made of cast-iron, wrought-iron,
Yorkshire stone, willow-wood, and other substances. Each wheel is

made to revolve very rapidly on a horizontal axis ; the edge or peri-

phery is that part by which the grinding is effected ; and difierent

shapes and thicknesses are prepared to suit different kinds of work.
The workman holds the glass decanter or other article against the
edge of a wheel, and modifies the position and pressure according to

the eSect desired to be produced. The iron wheels, wetted with sand
and water, are used for grinding away the substance of the glass ; the

stone wheels, with clean water, for smoothing the scratched surface.^

;

and the wooden wheehs, with rotten-stone and putty-powder, for

polishing. The engraving of flint-glass consists in the production of

devices on the surface more delicate than can be produced by the

cutting wheel. It is eflected by the use of very small discs, generally

of copper, and moistened at the edges with emery and oil, and
requires great taste and judgment for its due performance. The
parti-coloitred specimens of flint-glass are produced in a remark-

able way. The working-tube of the maker is first dipi)ed into a

mass of colourless glass, and then into one of coloured ; the glass

is fashioned and annealed in the ordinary way, and then it is cut

by the wheels ; and according to the depth of the cutting or grind-

ing, so does the workman penetrate, nearly or quite, through the

coloured glass, giving rise to a beautiful play of tints. A different
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Mttiod of obtaining aomo raoh •thai u thi* wM deriaed by Mr.

Johaaon in 1853. It oonaicU in luring a piece of g^aw on another

fitet of a difforant oolour ; aoftmiing and uniting tham by the heat of

an enamel-fumaoo ; itjmping a device on the upper aorboa by a die

;

and then grinding away moat of the uppw ^aaa—l^ whioh the upper

oolour preaanta itaaU ai a device aet or inoruatad in the lower. The

imerytUd glaaa, or ayHaUiHxramm, invented by Mr. Pellatt, oonaiata in

forming a anall mt^M'v" faaa-ralief, alto-relief, ur other article, of a kind

of eUy whioh has the proper^ of axpaading and contracting b^ chaugea

of tenparature just in the aame degree aa flint-glaaa ; thia ia imbedded

in a man of reil-hot glaaa ; and when cooled, annealed, faahioned,

ground, and poliahed, the gbuM appaara with the device in the middle

of ita aubatanoe ; the clay, under theae oircumatanoes, presenting an

.ippeaiance almoat exactly like that of unbumiBhed Bilver. The gitttini/

of flint-g^aaa ia efleoted by procesHes not differing munh from tliat of

poMalain. [Pobcklais Masukactuub.] Two or three patents have

baan taken out for tUetro-^iUing on glaaa : but thia prooeaa haa not yet

eame extensively into use.

Arti/ieial O'enu.—Before paaaing to the consideration of other kinds

of glaaa, we may aay a few worda concerning the art of making imita-

tive gems and prectoua atones, which resemble flint-glass more than any

oUter aubatanoe. A transparent, fusible, dense glass, called paite or

itratt, is the baaia employed. To make good strasa is the primary

work to be done. There are many recipes for producing it. One, by
Loyael, consists in using pure silica, 100 ports ; red oxide of lead, 150

;

calcined potash, SO ; c^cined borax, 10 ; and arsenious acid, 10. This

mixture produces a glass of great brilliancy, much power of refracting

and dispersing -light (on which the flnahing lustre of gems, whether

real or factitious, so much depends), and a specific gravity not &r
different from that of the diamond ; it fuses at a moderate heat, and

acquires additional brilliancy when kept heated for two or three days.

Diamonds are imitated by this uncoloured strass ; and other gems by

mixing this strass with colouring agents. For every different factitious

gem, there are numerous combinations known ; but a few examples

will suffice to illustrate the general character of all. Amethytt : strass,

100 ports ; oxide of manganese, 3 ; and oxide of cobalt, 2. Aqua-

marine : straoa, 4800 parts; glass of antimony, 30; and oxide of

cobalt, 1}. Avatilurine : strass, 600 parts; scales of iron, 100; ami

protoxide of copper, 60. B«ryi .• nearly the same as for aquamarine,

of which beryl is only a variety. ChryaolUe : strass, 7000 ports ; and

calcined sesquioxide of iron, 65. Oamelian, or Cornelian; strass,

7000 i>arts; glass of antimony, 8500; calcined peroxide of iron, 875;

and binoxide of manganese, 75. Emerald : strass, 7000 parts ; car-

bonate of copper, 65 ; and glass of antimony, 7. Garnet ; strass, 1200

parts ;
glass of antimony, 580 ;

purple of cassius, 3 ; and binoxide of

manganese, 3. Lapit lazuli : strass, 7000 parts ; calcined bones, 570 ;

oxide of cobalt, 24 ; and oxide of manganese, 24. The golden veins in

this beautiful stone are imitated by painting in the composition with a

mixture of gold-powder, borax, and gum-water, and then applying a

gentle heat till the borax fuses. Opal: strass, 960 parts; and cal-

cined bones, 48. Jtuby: strass, 45 puis ; and binoxide of manganese,

1 ; or in another variety, 1 pM-t of topaz paste, which has turned out

too opaque, with 8 of strass, fused together for thirty hours, cooled, and

fused again in small pieces before the blowpipe. Sapphire : strass,

MOO parts ; oxide of cobalt, 50 ; and oxide of manganese, 11. Topaz :

strass, 1050 ports; glass of antimony, 44; and purple of cassius, 1.

Turquoite : blue strass, 20 parts; and calcined bones, 1. There is a

peculiar mode of producing imitative rubies and emeralds by the use

of a kind of alum-glass, subjected to a long and elaborate series of

prooeaaea ; and another, by M. Uaudin, for producing imitative sap-

pbiras by an e<|ually elaborate treatment of alum and sulphate of

potaah. There are other modes of imitating gems ; but we need not

notice them here.

Cruwn O/oo.—Thia is one of two varieties of Uount glass. It ia

made without any admixture of metallic oxide, and is both specifically

lighter and much luuder than flint-glass. Many recaipts have been

§v«D for the production of this kind of glass. At the great works of

u Oobain, in France, the mixture of ingredients is said to be : fine

white sand, 100 parts; carbonate of lime, 12; carbonate of soda,

calcined, ^8 ; cUppings of crown-gUss, lOO; with minute (wrtions of

iiiaim»nnw and ooUut to correct impurities, and to remove the

colour whioh those impurities would impart ; they are not therefore

at all tioies neoeaaary. In Knglaud the ingradienta are mostly sand,

alkali, and slaked lime, in the proportions of 200 of the first, 33U of the

second, and 15 of lime, to which is added about half the weight of

the three materiala in broken crown-gloss, called by the makers ciillet.

TIm perfect fusion and refining of these materials are usually occom-

nliahad in about forty hours. Crown-glass is made by blowing, in the

fonn of circular platea of 54 to 70 inches diameter. A quantity of

dass in the pasty state is collected upon the end of a hollow iron tube.

Ive feet long, smiilar to the tul>e use<l for blowing fiint-gloss. The
lump of glaai is then converted, by blowing through the tutte, into a

hoUow globe of the requisite substance. This globe is fl.-ittcUMl at ihe

id* opposite to the tube by pleasing it upon a hard plane surfac*

;

a aolio rod of iron having a small quantity of meltad glass at the

end la applied, and adheres to the centre of the flatts—d nda opposite

to the tub* ; the tube is finally removed by wsttinc tha (^asa near

the point of union, leaving a small circular hole. To arrive at this

stage the 'glaas must have bean Mvanl timas re-h«ated, by placing

it, when connected with the tube, within a small opening left for

the purpose in the wall of the furnace. When transferred from the

tube to the solid rod, called a ponlil, it must be again heated in

tlie same manner, and is then twirled round by the workman some-

what in the manner that a mop is twirled to c&ive off the moisture

;

with this twirling the softened material is continually driven off from

the centre by the centrifugal force ; the hole just mentioned expands,

from a few inches to a foot or more in diameter, when suddenly,

and in a most unaccountable manner, it flies open, and the whole

substance is converted into a fiat disc of circular form, and, except

Flashing-out Croim-glus.

.it the centre, where it is attached to the rod, of a uniform tbickneas.

This jlashinr/ of the glass as it is called, is one of the most striking and
surprising things in the whole manufacture. The centre parts are

used for the commonest purposes, such as glazing outhouses and the

poorer kinds of windows. As the shape of the tables or pieces of glass

is circular, and as there is a bulb or bull's eye in the middle, it is

impossible to obtain very large panes of crown-glass ; and the differ-

ences of quality are so great and so uncertain, that the best are worth

thrice as much per square foot as the worst. Nevertheless, there is

always a brilliancy of surface upon crown-glass, which renders it

valuable.

Sheet Gloat.—This is another kind of blown-glass, whioh has become
a very important article of manufacture in England within the last

twenty years. Before that time, glass of a peculiar kind was imix>rted,

under the names of broad, tprtad, or German iheet-glaa ; but the

sheet-glass of modem make is a French invention, and French work-

Swinring and bloving ShMUglsM.

men are largely employed in its manufacture, even in English <

blishments. It required six years, 1832 to 1338, for Messrs. Chance and
other manufitctiuwa to overcome the numerous diffictUties which bsaat
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the manufacture ; the difficulties were at length mastered ; and among
other results, " Crystal Palaces " were rendered possible. The process

of making is from first to last very rpmarkable. The workman gathers

up a quantity of the semi-molten glass on the end of a tube ; rolls it

on a concave block of wood to give it a cylindrical form ; and then

swings it completely round in a vertical circle, blowing through the

tube repeatedly. A recess is formed in the floor of the building, to

afford room for this swinging. Much bodily strength and great nicety

are required in this operation. The hollow cylinder of glass stretches

out by the swinging ; but it must be so skilfully managed that the

stretching may occur equally in every part, bringing the glass to one

imiform thickiieiis. The rotating before a fire, the blowing, and the

swinging, are repeated until the proper thickness is attained, and
the cylinder has attained the length of four, five, or even six feet.

By a mode of causing the heated air within the cylinder to exjjand,

the remote end becomes buret open ; the tube is detached, and
then the other end is expanded also. The cylinder, symmetrically

shaped from end to end, is then laid down ; and a diamond, fixed to

the end of a long handle, is drawn along the interior, making a cut.

The cylinder is placed in an oven, with the cut or fissure uppermost

;

it gradually opens, and flattens down to a sheet on a very smooth sur-

face. The sheet is rubbed smoothly and evenly with a piece of charretl

wood, until as free as possible from any irregularities ; after which it

is annealed in another oven. Such sheete, when first made in England,

seldom exceeded 36 by 20 inches ; but the usual size now is 47 by
22 inches ; and some rare examples have been produced as much as

77 inches in length, requiring no lesw than 38 lbs. of glass to be taken

up on the end of the tube. Although sheet-glass, thus made, is less

brilliant and more undulating than crown, its available size is so much
larger, that its use has in recent years become very extensive. It was
with sheet-glass that Messrs. Chance glazed the Crystal Palace in Hyde
Paric in 1851 ; the glass was made in sheets 49 inches by 30, from
cylinders more than 4 feet long by nearly 10 inches in diameter : each

sheet was cut up into three [lanes, 49 inches by 10 ; and of these there

were 300,000 in number, measuring 1,000,000 s(iuare feet, and weighing
400 tons. The Crystal Palace at Sydenham has since been glazed with
the same kind of glass. Messrs. Chance have recently succeeded in

devising a process for grinding and polishing sheet-glass, by which it

acquires nearly all the beauty of plate-glass with a much less weight

;

it is much prized by photographers. The German, or broad-glass,

above adverted to, is made by the cylinder process, like sheet-glass

;

but it is clumsily-fashioned, the cyUnder is cut open by scissors, and is

made to spread out on a layer of sand in the oven, which does not
admit of the production of so much smoothness and regularity. Until
1836 the cylinders of sheet-glass were cut open by a piece of red-hot

iron ; but now a diamond is em|>loyed. Such of the Bohemian and
Venetian decorated glass as does not belong to the flint-glass kind, is

made by the cyUnder process.

Plate Glat».—This is both blown and cast. The first-named process
was alone employed in England until the year 1773, when cast-

plate began to be made. Larger pieces can be made by this than
by any other method. The manufacture is diflicult and costly. The
ingredients are chosen with the greatest care, and every possible

amount of skill is brought to bear on the manufacture. The ingre-

dients used are sand of the purest and whitest quality, and soda pro-

duced by the decomposition of common salt and lime : manganese and
oxide of cobalt being added for the purpose of discharging colour.

Soda is preferred to potash or pearl-ash because the glass that is made
with it flows better when in fusion, a quality of muoh importance
where large quantities are employed for the production of the same
piece. The lime acts as a flux, and is used in proportions varying
from l-24th to l-16th of the whole materials employed. Besides ihese
ingredients, it is necessary to use a large proportion of broken plate-

glass or cuUet. The following is one among many scales of ingre-

dients : Lynn sand, well washed and dried, 720 parts ; alkaline salt,

containing 40 per cent, of soda, 450 ; lime, slaked and sifted, 80

;

nitre, 25 ; broken plate-glass, 425. It requires 40 hours' exposure to
the full heat of the furnace to reduce the materials to the proper state

of fusion and vitrification. When this is accomplished, the glass is

transferred from the melting-pot, by means of copper ladles, to a
large vesael called a curette, previously heated to a very high degree

;

when filled, it remains some hours in the furnace, to disperse the air

that may have been introduced into the mass by the operation of
ladling. When this efiect has been i>roduced, the cuvette is withdrawn
from the furnace and taken to the casting-table, over the upper end
of which it is raised and suspended hiy means of a crane. It is then
thrown into an inclined position, by which the contents are allowed
to flpw out upon the table. The liquid glass is distributed by means
of a roller over the whole surface of the table, bars of metal Iwing
placed at each side along its entire length, and across the bottom, in
order to prevent the glass from running upon the floor. The casting of
laige plates of glass is one of the most beautiful processes in the arts :

the large mass of melted glass, rendered in a high' degree luminous by
heat, exhibiting changing colours in the sheet after the roller has been
passed orer it. Previous to the casting, the table is placed with one
end against the mouth of an annealing oven ; and as soon as the plate
is set, it is carefully sUpfied from the surface of the table to the
floor of the annealing oven. When the oven has received as many

plates as it wiU contain upon its floor, the door is closed and its

crevices are stopped with mortar or clay, to insure the gradual cooling

of the plates. The plates remain in the oven during a fortnight,

after which the ovens are opened and their contents are withdrawn.
The plates are then squared by means of a glazier's diamond, then
ground and polished, and when intended for mirrors they are silvered.

In order to their being ground they are imbedded in plaster of Paris.

To conamence the grinding, powdered flint is rubbed steadily and
evenly over the surface by machinery worked by steam power, the
two sides of the plate being ground in succession. Emery powder
is then substituted for ground flint, coarse at first, but fiiiier after-

wards, as the rougher inequalities of the surfaces are removed. The
polishing is also performed by steam-machinery. The plates are

firmly fixed upon large tables, and the polishing instruments, which
are of wood covered with many folds of woollen cloth, having carded

wool between each fold, are passed to and fro over the surface. The
polishing substance used is colcothal, and oxide of iron which remains
in the retorts after the distillation of acid from sulphate of iron ; the

two surfaces are polished in succession.

The novelties introduced within the last few years in the plate-

glass manufacture are as numerous as those which bear relation to

sheet-glass ; they have had the eS'ect of cheapening the price and
increasing the attainable size of the plates. Messrs. Swinburne, a

leading firm in the glass trade, have it recorded in their books that

their charge, in 1771, for a jJate me.asiu-ing 50 inches by 40, was
61?. 3»., whereas the price in 1856 was il. is. Some of the recent

inventions relate to the form of the furnace and melting pots ; some
to the mode of tilting over the molten metal ; some to the form and
construction of the casting-table ; and some to the mode of effecting

the diflicult operation of transferring the plate of glass from the
table to the annealing oven. A few years ago Messrs. Hawks &
Crawshay made for Messrs. Swinburne a casting-table of extraordinary

size ; it was a solid mass of iron 18 feet 4 inches long, 10 feet 10 inches

wide, and "i inches thick, weighing 26 tons. A planing-machine was
expressly constructed for planing and smoothing this iron surface.

When the large plates of glass are annealed, the grinding and polish-

ing begin : these processes, like all else, have been recently made
the subjects of much inventive skill ; but their details need not be

noticed here. It is an interesting fact, connected with the history of

the plate-glass manufacture, that the machinery constructed by James
Watt for the Company in 1 788 was still in existence, at the Ravenhead
Works, and even in use, in 1858.

Bottle Glass.—This is the commonest kind manufactured, the alkali

employed being the cheapest that can be procured, with the addition of

a portion of lime to assist fusion. Considerable manufactures of bottle-

glass are carried on at Newca.stle-upon-Tyne, encouraged by the low price

of the fuel (small coal) which is used in the furnaces. The ingredients

are usually nothing more than lime and sea-sand, the latter article having
been frequently wettetl with sea-water, and iillowe<l to dry, in order

that the salt may be allowed to deposit itself in the sand ; the soda

contained in the salt is the only alkali, properly so called, that is used.

Or, another mixture is, Tyne-sjmd, lime, and the refuse of the soap

and alkali works. Bottle-glass is fashioned by blowing, much in the

Bottle.glass makln.

same manner as flint-glass, but with the addition of a mo'ulding process.

The description given in a former paragraph of making a flint-glas,s

perfumery bottle will suflice to convey a notion of the mode of making
wine and beer bottles, pickle and oil bottles, &c. ; except that the
latter are made with much less nicety. Four men can make about a
hundred beer bottles in an hour. There is a greater weight of coarse

green bottle-glass made in England every year than of all other kinds
of glass combined.

Utained or Coloured Glass.—Colourefl glass is more easily produced
than colourless, seeing that many niceties in the choice and manage-
ment of ingredients are necessary to remove all tint from the glass.

Nevertheless, to produce a particular colour is an art requiring much
skill. As in the instances of enamels and artificial gems, the colours

are mostly produced by adding metallic oxides or chlorides to the
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ingredianU for ths gUn, SometiniM theae are put into the melting-

pot, tu make the gUn equally coloured throughout ita mibstaoce

;

umetimee • coloured layer ia applied to a eolourlav aubatiatum. An
•sample of thia Uat-named kind haa been noticed in a former para-

graph, ooDoeming cut flint-glaaa Teaaela exhibiting a gradation of Unta;

and flat panea of glaaa are produced in an analogoua way, by collecting

colourieaa glaaa on the end of a tube, dipping it intu coloured glaaa,

and then flaahing it out intu crown or aheet glaaa. So far aa ooncema
the actual manufacture of coloured glaaa, the ingredienta are nearly or

quite the aame, whether it l>e aurfaue-colour or through-colour, what
ia oalled stained or, more properly, (ninted glaas, however, ia generally

undmtood to be aometbing in which the artiat is more concerned

than the manufacturer. It is n kind of enamel painting, or enamelling,

and ia eSocted in the way de:icribed in the next article. [Gi.ass

I'aistixo.J

Soluble or fVaUr Olaa.—Vfe may here add a few wonla concerning

soluble glaas, which is at present exciting some attention. It is a

chemical agent rather than a manufactiired product ; still, it is a

vitreous substance as soon aa it has solidified. About the year 1825,

Dr. Johann Fuchs, of Kiimberg, commenced a course of experiments

on the production of a liquid glass, produced by a fusion of silica

with potash and ao<la. From time to time the subject came under
public notice, but not with any definite result until recently. In the

spring of 1859, at the request of the Prince Consort, Dr. Fuchs gave a

summary of all that he had done, in a paper read before the Society

of Arts. He made many varieties of the liquid glass, some with soda,

some with potash, and some with both alkalies, combined in a particular

way with cruahed quarts or quartzose sand. Ho had been struck with

the posaible value of theae silicates aa a varnish, which, hardening into

a glass, would preserve the surface of stone from decay ; but his chief

labours were towards the production of a new vehicle for fresco-

|iainting. Meanwhile, Professor Kuhlmanu, of Lille, had lieen engaged

fur mxiny years in studying the action of the soluble silicates with the

salts of Ume ; and in 1857 he made known the results of his method
of proceeding, in producing a stone-protecting silicato. An English

cxpL'riinentaliat, too, Mr. Raiieome, was working towards the same end,

but by a different path. He devised a mode of making artificial stone,

by combining sandy or stony fragments with silicate of soda ; and be

also produced a vitreous varnish for the surface of stone, consisting of

silicate of calcium instead of silicate of soda. Portions of the Louvre,

of the Cathedral of Notre Dame at Paris, of the Houses of Parliament

at Westn\inster, of the Baptist Chapel in Bloomsbury Street, of the

Pavilion at Brighton, of the Custom House at Greenock, and of other

buildings, have been coated with one or other of the different kinds of

water-gUsa; but many controversies have thence arisen, and it remains

yet to be proved how far this kind of vitreous coating will be per-

manently protective. The causes which bring about that decay of stone

implied in all these experiments, are noticed under Atmospiif.ric

lirrLUESoe. Another kind of soluble glass, intended to protect wood-

work from the action of fire, ia noticed under Fikeproofikg.

Glati Trade. The glass-trade in its fiscal and commercial relations,

presents many instructive features. At an early period of its history

in tbia country the glaaa manufocture became an object of taxation,

and dutiea were imposed by the 6 and 7 William and Mary, which
acted so injurioualy, that in the aecond year after the act was passed

one half of the duties was taken off, and in the following year the

whole was repealed. In 1746, when the manufacture had taken firmer

root, an exciae duty waa again imposed, at the rate of one penny per

pound on the materiala uaed for making crown, plate, and fiint-gla^s,

and of one &rthing per pound on those used for making buttles. In

1778 theae ratea were increased 50 per cent, upon crown and bottlc-

glasa, and were doubled on flint and plate glaas. The rates were

further advanced from time to time in common with the duties upon
most other objects of taxation, and in 1806 stood as follows :—on plate

and flint-glaaa, 49<. per cwt. ; on crown and German sheet-glass, 86<. 9d.

per cwt. ; on broad glaaa, 12i. Sd. ; and on common bottle glass, in. Id.

per cwt. In 1813, those rates were doubled, and with the exception

of a modification in 1819 in favour of plateglasa, then reduced to SI.

per cwt., were continued at that high rate until 1825. In that year a

change waa made in the mode of taking the duty on flint-glass, by
cbarsing it on the weight of the fluxed materials instead of on the

artidea when made, a regulation which did not aSect the rate of charge.

In 1880, the rate on buttles was reduced from 8«. id. to 7t. per cwt.

The next alteration made in these duties occurred in 1885, when, in

consequence of a recommendation contained in the thirteenth Report
of the Commiaaioners of Exciae Inquiry, the rate ujion flint-glaaa

waa reduced two-thiida, leaving it at 2d. per pound ; a measure
rendered neceaaary by the encouragement given under the high duty to

the illicit manufacture, which waa carried on tu such an extent as to

oblige several regular manufacturers to relinquish the prosecution of

their buaineas. Such were the variations in the rate of duty ; and the

amount of revenue waa equally fluctuating. In 1798, when taxation

waa comparatively low, the quantity of aU kinda of glaaa made and
retained for uae in the kingdom waa 4074203 cwt., and the amount of

revenue obtained from it 177,408/. The average rate of duty waa
therefore 8*. Hd. per cwt. upon the whole quantity. In 1 634, the rate

of duty had by progreaaive additiona become fourfold what it waa in

1793, the avenge being 35«. T^d. per cwt. upon the aggregate quantity

uaed ; and although the population had in the mean time increased more
than 60 per cent, the quantity of glaaa which waa taken for use waa
only 374,351 cwt, or one-twelfth less than was so taken in 1 793. If tha
quantity used in proportion to the population had continued the same,
that quantity would in 1884 have amounted to 663,740 cwt, and a
revenue equal to what was realised would have resulted from an
avenge nte of 20f. instead of 3Ss. 7)<f.

It was in 1846 that Sir Robert Peel took off the duty on glass. The
effect waa very marked—not ao much on account of the actual duty
thrown off, as on the removal of the exciseman from the glass-worka,

where he had hampered the manufacturer in all experimental attempts

to improve the qualifyand cheapen the price of the manufactured article.

Immediately before the removal of the duty, there were fourteen

manufacturers of crown and sheet-glass in the L^nited Kingdom ; they
became at once overwhelmed with work. The makera had neither

buildings nor hands enough ; they built new works, and hired workmen
from abroad. The Frenchmen who worked at crown g^aas making
could command 6/. a-week ; while the makers of aheet glaaa earned 4(.

to Sf. a-week. New companies were formed, and capital was thrown
into the glaaa trade from various quarters. As in many similar caaes,

however, incompetence and recklessness did their work ; the trade waa
weeded in the course of a few years, and the manufacture (of crown,
sheet, and plate) is now in the hands of a small number of very large

establiahmetrts. The excitement in England had a remarkable effect in

Belgium. In the glass factories of that country, the workmen are

engaged, not for a definite period, but for the " life of the furnace," aa

it IS called, that is, as long as the furnace remains heated. The manu-
facturers, at the period in question, maintained the " life " of their

furnaces aa long aa posaible, to prevent their workmen from migrating

to England, or from demanding higher wages. All theae matters

gradually found their proper level ; and the gloss trade is now extensive

and steady in England, without being disturbed by convulsive changes.

The glass-trade, as far as concerns exports and imports, is not one of

distinguished magnitude. The English factories are able to supply
most of the home demand ; while they ore not well able to command
a large export trade.

OLASS-PAINTING. The terms Painted Glass and Stained Glass

are often used, and even by writers on glass-painting, as though they
were syuonymoiUL But there is a broad distinction netween the two.

Stained glass, is gloss the substance of which has been stained or

coloured in the process of manufacture. [Glass Makdfacture.]
Painted glass, ia glass which, whether previously stained or colourless

has had a design painted upon it with colours, usually metallic oxides,

combined with a vitreous vehicle, or flux ; and which colours, on being
subjected to a powerful heat, have become permanently united with
the surface of the glass. Windows formed wholly of one or other of

these kinds of glass would be strictly either stained or painted glaas

windows, as the case might be. In medixvol examples, however,
what are called painted gUss windows are usually formed of a combi-
nation of stained and painted glassL

The art of making coloured glaas was known to the Egyptians and
Assyrians, and from them passed to the Greeks and Romans. That
glass was uaed for windows by the Romans is certain from more than
one passage in Latin authors, and from specimens of window-glass
having been found both at Pompeii and Herculaueum. It is not
known, however, though it is not improbable, that they glazed their

windows with stained glass ; but stained glass windows must have
been in use at a comparatively early period in Byamtium. Byzantine-

Greeks appear also to have been the first practitioners of jxiinting on
glnss ; and it is conjectured, with reason, that the practice of glazing

with coloured glass in ornamental patterns, and the art of painting on
glass, were bom introduced into Western Eiu-ope from Byzantium, by
way of Venice and Marseilles. The practice of glazing windows with
stamed glass arranged in patterns was imitated from the Byzantine-

Greeka by the Saracenic races, and has been continued in the cities of

the East down to the present time. The earliest reference to the use

of stained glaaa windows in Europe appean to be in a passage of

Prudentiua (quoted by Labarte, ' Handbook of the Arts of the Middle
Ages,' p. 66) about the beginning of the 5th century ; but a more
distinct mention of them is made in the following century. Painted
glass windows are not spoken of for two or three centuries later.

The earliest existing examples of painted glass windows which
Lasteyrie has been able to discover are in the abbey of Tegemsee, in

Bavaria : they were presented to the abbey by Count Arnold in the

year 999. Five other windows in the same abbey, painted by the

monk Weruher, date between 1068-91. At Hildesheim there are also

some which are attributed to one Bruno, and to the years 1029-39.

The earliest examples in France, the coimtry in which the art of

glaaa-painting waa, during its most flourishing period, practised witli the

greatest success, belong to the 1 2th century : the oldest being a repre-

sentation of the Fuuer.ll of the Virgin, in Angen Cathedral, of the first

half of the century ; the others arc some medallion windows of a very
remarkable character, placed in St Denis by the Abb^ Suger in the
latter half of the century.

It was in the litter part of the 12th and the 13th centuries that the

art made its greatest advance. Painted glaaa windows had now come
to be regard^ aa essential in religious edifices of any pretension. It

was the period in Gothic architecture corresponding to our Transitioiv
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and First Pointed or Early English styles. Thirteenth century pamted
glass windows abound in France, and are not unfrequent in Germany
and our own country. They are of the kind known as mosaic and
medallion windows ; that is, the ground is made up of small pieces of

stained glass of the shapes and colours requisite to form the patterns,

while, as it were, imbedded in the midst of the mosaic ground, are

medallions of a circular, trefoil, or quatrefoil shape, on which subject*

from Scripture or the lives of the saints, are painted. The ground is

usually of a rich ruby or sapphire hue ; and a border of a playful and
often an extremely graceful design incloses the whole. The figures

are necessarily small, and, as in all the painting of that time, aie drawn
without much artistic skill. In these early examples, the drawing of

the faces, handa, &c., is expressed by httle more than a sort of outlining

mth a bistre or other dark colour. Shading, properly so called, and
half-tints, are not attempted. The colour of the glass is preserved, for

the most part, unbroken. But the subjects are treated with much quiet

rehgious feeling, simplicity, and purity, while the colours are very rich

and finely harmonised. Indeed, as decorative works, the windows of

the 13th centiu^' are superior to those of any other period. The oldest

English examples are in Canterbury and Salisbury cathedrals ; but the

finest are the magnificent five sister lancets (50 feet high) of York
Minster, and the great rose window of Liucohi Cathedral, in which the

central Majesty (or Christ in Glory) is surrounded by sixteen compart-

ments containing the typical events of the life of Christ. The chief

French examples—many of them of extraordinary grandeur and beauty
—are in the cathedrals of Chartres, Bourges, Paris, Amiens, Soisson,

Rouen, and Sens, and the Sainte Chapelle, Paris. '

The painted glass of the 14th century (the epoch of our Second
Pointed or Decorated Gothic style) was more vivid in colour, broader

in style, and the painting better executed than in that of the preceding
century ; but it was less pure in conception, and less strictly subor-

dinated to the general architectural effect. The mosaic ground is no
longer universal ; rich red or blue damasked stuffs or diapering being
often substituted ; and, instead of small Scriptural subjects in medal-

lions, we find a prevalence of single figures under large heavy canopies,

each occupying a single light (of the kind known as canopied windows,
first introduced in the latter part of the 13th century) ; heraldic

bearings are also now largely introduced ; foliated ornaments and
geometrical patterns abound, but the trefoil so common in the pre-

ceding style is seldom, if ever, seen in this ; and, instead of the graceful

arabesque border, we find frequently a running pattern of vine-leaves

and grapes. Grisailles, or subjects painted in gray, now first came
into vogue. One of the best examples of English work of this period

is the east window of Bristol Cathedral : other characteristic examples
occur at York Minster; Exeter Cathedral ; the chapel of Merton College,

Oxford ; Tewkesbury Abbey Church ; Norbury Church, Derbyshire

;

Lowick Chiu-ch, Northamptonshire ; and several other i>arish churches.

Characteristic French examples occur in the cathedrals of Chartres,
Evreux, Beauvais, Limoges, Lyon, Strasbourg, and Narbonne.

In the 15th century (the period of our Third Pointed or Perpen-
dicular Gothic) a great change took place in glass-painting. The
windows became still more individualised and less dependent on the
architecture. The subjects occupied a larger space, and were treated

more as pictures. Either each filled a distinct panel, or they were
placed one above another without any ground to separate them. The
mosaic pattern-work of stained glass was now altogether discarded, the
whole being painted. The details are usually put in with much care,

and very skiLFul manipulation is exhibited throughout. But the colour
is poor, white glass is chiefiy employed, and the general effect is cold

and comparatively feeble. Some of the examples—the earlier ones
especially—are, however, very elaborate and impressive : of this class

is the magnificent east window of the choir of York Minster, which
consists of no fewer than 11^ compartments, each having a separate

subject. This is undoubtedly the finest example of the style in

England ; and Lastrurie says it is one of the very finest in Europe.
It was during this (leriod that buildings and landscapes began to be
freely introduced as backgrounds to the compositions. Canopied win-
dows of this date have the canopies of a very ponderous character.

Chichester and Winchester cathedrals ; Henry VII.'s Chapel ; Lincoln
College Chapel, Oxford ; Cirencester Church ; Barton Church ; Ludlow
Church, Shropshire ; and many other parish churches, possess excellent
specimens of the painted glass of this period. Of French work, very
fine examples are found in the cathedrals of Bourges, Evreux, Aix,
Mans, &c. In Italy, where painting on glass had not hitherto been
practised with much success, many works of great abiUty, though in a
pictorial style, were now executed ; and the names are preserved of

many eminent artists who painted on glass, including several distin-

guished painters in oil and fresco. The artists of Florence particularly
excelled as glass-painters.

By the end of the 15th century Gothic architecture was everywhere
dead or dying ; and the old mediscval spirit had departed also from
the painting of glass. Palatial and domestic buildings were now
adorned with painted glass windows as well as ecclesiastical edifices.

The aim of glass painters was to rival the effects of oil paintings.
Windows were indeed often mere imitations of oil pictures. The
works of Rafiaelle, Giulio Romano, Albert Durer, and other distin-
guished painters, were either copie<i or imitated. Subjects in which
were a multitude of personages arranged with all the elaborate artifices
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of pictorial composition; landscapes with the effects of aerial, and
buildings showing complex linear, perspective ; foreshortened figures

;

the depth and obscurity of chiaroscuro,— all were attempted to be
exhibited in painted windows, and the result was that what would have
been impressive on a wall or canvas, looked on glass a shallow and feeble
transparency. We have in this coimtry some of the least unsatis-

factory, because among the earliest and transitionary examples, in the
splendid series of twenty-seven large windows of King's College Chapel,
Cambridge (painted in 1527 and succeeding years). But in them is

seen how entirely the true chaiacter of window painting was now lost

sight of. The glass is treated as though it were canvas or panel, the
pictm'e being carried over the entire surface, without any regard being
paid even to the massive stone mullions which occasionally cut the
compositions in the most awkward manner. Another very superior
example of its class is the great east window of St. Margaret's, West-
minster. The celebrated windows of Fairford church also belong to

this date ; they are usually ascribed to Albert Durer, but no doubt
inaccurately, though they are of German or Flemish execution. In
France there are numerous fine examples of 16th century windows in

the cathedrals of Bourges, Auxerre, Aueh, Beauvais, Sens, Rheims, &c.

;

in St. Ouen, at Rouen ; St. Gervais, Paris ; and the Sainte Chapelle,
Versailles. The cathedrals of Germany and the Netherlands afford

many fine examples of this period, treated, as are those of Italy and
France, quite in the spirit and much in the manner of the contem-
poraneous painting in oil. In many instances, indeed, the brilliant

colours of glass were altogether neglected, the picture being a dingy
monochrome. Several specimens, mostly of small size, of the German,
Flemish, and Swiss painted glass of this period are in the South Ken-
sington Museum.
From this time glass painting fell more and more into disrepute

;

though windows continued to be painted, and some glass painters,

especially in France, acquired a cei-tain celebrity. But the works pro-
duced up to some time in the present century continued to be copies
of oil paintings, or of designs which could only be effective if painted
in oil. \VTiat these were in our own country, even when artists of the
highest standing were commissioned to prepare the designs, may be
seen in the windows of New College Chapel, Oxford, designed by
Sir Joshua Reynolds and painted by Jari-is ; and of Trinity College
Library, Cambridge, designed by Cipriani.

The renovation of the Jirt was coincident with the revival of Gothic
architecture. It has since been studied earnestly by archaeologists,
and pursued zealously by a numerous body of practitioners (aided by
the experiments of many eminent chemists) in England, France, and
Germany ; and great success has been attained in the preparation of
the glass, and in the various technical and manipulative processes.
Hitherto, however, little original power has been exhibited in the
designs ; the object aimed at being mainly to produce faithful imitations
of medijcval glass, the style selected being that of the 1 3th, 1 4th, or 1 5th
century, according to the taste of the artist or the desire of the patron.
We have now to describe very briefiy the method of painting on

glass. Obviously this can only be done generally. The art can only
be learnt from a practitioner, and of processes so strictly technical
even a description would be out of place here. We shall at the end
of the article give references to technical treatises, where the several
processes are explained at length, and the various materials emi)loyed
are fully described.

The first step is to prepare a careful cartoon the size of the painting.
For a small work on a single plate of glass, the glass is laid on the
cartoon, or on a tracing made from it, and the outline is accurately
traced on the glass with black or brown, composed of a very fusible

vitreous flux, coloured with a metallic oxide, and ground extremely
fine in an essential oil (tar, spike, or lavender). The parts intended to
be yellow, orange, or red are then coated, either on one or both sides,

according to the tint required, with a mixture composed of an alloy of
silver and antimony ground up with the red oxide which is obtained
by subjecting sulphate of iron to a red heat. The glass is then exposed
in a furnace or muiSe to a red heat, or, as it is termed, fired, in which
process the tracing colour is fused, and adheres permanently to the
glass. The mixture of silver and antimony stains the glass, but does
not melt, so that the oxide of iron, which is in the state of dry powder,
may be brushed off, leaving the glass coloured, but as transparent as

before. The other colours, composed of a very fusible glass coloured
with metallic oxides, are then added, and the glass is again fired. In
most cases the glass is fired between the application of each colour, as

some colours require more heat than others. In the Munich works
the glass is often fired seven times.

For convenience we have described the process as followed on a
single sheet of glass ; but in fact painted windows are usually com-
posed of many pieces of glass fixed together in a leaden frame-work.
For a painted window of this kind, the first step is to arrange carefully

from the cartoon the several compartments into which the work shall

be divided ; and to determine the sizes and shapes of the pieces of

glass, and the direction of the lead-work, so as not to interfere with,

but if possible to svipport, the outlines of the figures and the lines of

the composition, whilst sufficient firmness is preserved to the window
itself. In a window of this kind, it will be remembered, the artist

does not paint upon white glass merely, but as far as possible avails

himself of glass already coloured (pot-metal as it is technically termed),
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only in hta MibacqiMot piuLumM modifying hf ihadowi or lupeHleial

tiata Um oriciiMl oolonn. Bach niM* of ctaai i< Mpantely puiit«<l,

haded, or dUparad, and Umd Brra ; the Uying on of Um ouIoutb and
th« flring baing rapeated aa often • necowary. When the painting !a

oompleted the pieMa are Szed in their leaden frame-work ; thia ia aiip-

ported hj an arming of iron aaddlo-bars, and the whole ia pboed in ita

proper poaitinn in the building.

In glua painting the artiit haa many diCRctiUieH to aurmount ; and
he can only hope to aunnottnt them )>r a clear compiehanaion of the

apeeial requirementa of hia art, and the atlopUon of a ipadAc atyle of

treatment. His work ia ao placed usually that it can only be looked

«t from a dictance. Being a window. Ilia painting must not ohecure
but only modify the light. He may graduate his tinta, but, when in

poailkm, not only do hia more delicate gntdations disappear, but even
the faalf-tinta are lost. In the countenances, refinements of exprenion
are commonly raluelesa. The transparency of the medium at once

(•futoa any eloaa imitation of solidity in the objects. Hence the

Hiiiiipto to copy pictorial eSeeta are uwaya unaatiafkctor}-. There is

littla chance of suoceas except by nnreacrvedly accepting the con-

Tatttionalities of the art, and treating the window as a window, and not

aa a portion of wali-snrface. The subject must be oonrcntionally

rendend, but not neceasarily, tJierefore, archaically ; there is no reason

why the forms, coatumes, and composition should uot be a^ perfect as

the artist can make them. In the colouring of the parts as well as of

the whole, the most gem-like tichnesa and brilliancy must be aimed
after ; and the window be rendered at once harmonious in itself, and in

harmony with the other windows, aa well as with the building of which
it is a portion.

The following works may be consulted on the history of painting on
^aes : they willsupplr any further references the student may require.

Laateyrie, ' Histoire de la Peinture sur Verre d'apres des Monumens
en France,' 2 vols, fol., Paris, 1838-54, a very splendid and erudite

work, in which representations in chromo-Uthography are given of the
beat French examples from the 12th to the I8th century. With it

may be compared a ' History of Stained Glass from the earliest period

of the art to the present time," by W. Warrington, 1 vol. fol., 1848,

which in a measure docs for English gl.iss painting what the work of

M. Lasteyrie does for that of France ; but unfortunately the series of

chromo-lithographic designs (illustrating the changes of style from the

ISth to the 16th century) are not copies of old windows, but of windows
painted by the author himself in imitation of old ones : many ancient

English as well aa German and Flemish examples, however, are supplied

in W««le's ' Divers Works of Early Masters in Christian Decoration,'

2 vols, folio., 1846-7. In Mr. J. U. Waring's ' Arts connected with
Arriiitecture, ftc.,' fol. 1858, is given a series of examples executed in

coloured lithography, by Mr. V. Brooks, of stained glass windowa
in Central Italy, from the 1.1th to the 15th century. Oessert,
* Oeachichte der Obsmalerei in Deutschland, und Niederlanden,
Ftankreich, England, der Schweitz, Italien, und S|>an!en, von ihrem
Urspcung bisaui die neuesto ZeiJ,' 8vo., Stuttgart, 1839. On the
theory and practice of the art, see ' An Enquiry into the Difference

of Style obaervable in Ancient Glass Painting, especially in England,
with Hints on Glass Painting, by an Amateur' (Chas. Winston),
2 Tola. 8to., Oxford, 1847 ; and ' An Introduction to the Study
of I^Unted Glass,' by the same author, 8vo., Oxford, 1849; F. W.
Oliphont, 'A Plea for .Painted Glass," 8vo., Oxford, 1855; I.Angloil,
• EMai sur In Peinture sur Verre ;' P. Lo Vieil, ' L'Art de la Peinture
sur Verre et de Vitrie

;

' G. Bontemps, ' Peinture sur Verre au dixneu-
vieme siecle," Par., 1845 ; E. O. Fromberg, ' Handbuch der Olasma-
lerei,' Leipz., 1851, translated into English under the title of 'An
Kasay on the Art of Painting on Gloss,' 12mo., IS.*;! ; M. A. Oessert,
' Die Kunst auf Olaa au Malen,' translated into English under the title

of ' A Rudimentary Treatise on the Art of Painting on Glass,' 12mo.,
1851 ; Sir O. Wilkinson, ' On Colour,' pp. 23-55 ; and for the ancient
tUdiui method of glass painting, ' Original Treatises dating from the
Itthto 18th centuries on the Arts of Painting,'edited by Mrs. Merri-
flald, vol. i., chap. lv.~

There is a kind of ornamental window-gUss called Stalled Wv>l; in

which the gfatsa is covered with a very fusible compositiou, either
white or tinted, previoualy reduced to an impalpable powder. This
eempoaition is then removed from certain parts of the glass, according
to the required [wttem, and, after firing, pnxluces on Uie glass a dull
ground with a bright pattern. The demand for ornamental glass
having increased Utely, several persons have attempted, some by
taneiliing, othen by the application of machinery, to produce it at a
ohaap rate ; and maMed work can now be obtained at one-fourth of the
)triM that would hare been charged a few yean since.

Another method of ornamenting glasn, rather inap])roprislcIy termed
mh«t*ri»a, cinisislii of a bright figure on a dull ground. "The part*
intended to be didl are |>alntcd over with varnish ; hyilmfluorio acid is

then pour«<l on, which ctchci the ghas to a certain depth. After the
acid and varnish are washed off, the glaaa ia ground by rubbing with
another piece of flat glass and fine emery. This process removea
the original surface of the glaas, and pniduces the dull ground ; and
the design, having been sunken by the ai.'tion of the add. Is untouched
in the grinding proceas, and left bright.

0LAUBEK"S .salt. [Souicii, SoiUi, i«lphaU </.]
OLAUCINK, an alk.ilofd fnimd in the leaves and stems of Olaudttm

hUmtm. It forms nlti wHh tlia adds, and has a hitter acrid taata. It

ooours in the form of pearly scales. OUmemicriHt, found in the same
phmt, differs from the ahon eompound. The composition of both is

doubthiL
GLAUCOMA (from yXaMcit, blue or bluish-grav), a disease of the

eye, characterised by the pupil losing its naturally black colour, and
presenting a clear or dull t^««oish hue. It was first described by
Brisseau, partly from observations made in the post-mortem exami-

nation of ihe eyes of Boordelot, physician to LouU XIV. It seems to

depend easenUally on disease of the choroid membrane and retina [Ete,

in Nat. Rut. Dit.], generally oombined with morbid alteration in the

vitreous himiour and hyaloid membrane, and in the tens and its capsule.

The symptoms by which it is iodioated are pain in the he.vi, over

the brow, or across the forehead, weakness of sight, and a greenish

colour of the pupil, most intense when one looks directly down, into

the bottom of Uie eye, where it seems almost as if there lay a piece of

shining metal The pupil is rather dilated, and the motions of the

iris are slow. As the disease advances, the greenish colour becomea

more marked, vision more and more indistinct, and at last, when it ia

entirely lost, the iris is quite motionless. Frequently the disease

spreads to tiie lens, producing a glaucomatous cataract [Cataract],

and sometimes is accompanied with evident inflammation of the super-

ficial parts of the globe.

The disease seems to consist in chronic '—"•••' 'i'lu of the deep-

seated ports of the eve. Those of a gouty '
. and cai>ecially

those who have lived freely, and have pa«»e<l if periwl of life,

as well as persons of scrofulous constitution, or who are employed in

very delicate work, are the most frequent subjects of it. It is also

more frequent in some countries and classes than others. Scarpa

never met with a case of fluidity of the vitreous humour during his

long practice at Pavia ; while in England such a condition b by no
means rare in old persons. Benedict says that he found glaucoma very
prevalent among the Jews in Breslau.

On examination of the eyes thus affected, the choroid membrane is

found to have lost its black colour from the absence of pigmentum
nigrum ; it is become dull-brownish, and its vessels are often varicose;

the vitreous humour is generally quite fluid, without a trace of hyaloid
'

membrane, of a yellowish hue, or with small brownish-green or green

spots scattered through it ; the retiniv is often darker than n.itural, or

marked with reddish or black points ; the lens in part of a yellowish

or deep amber colour, firm and transparent, sometimes pushed forward,

so that the iris is in contact with the cornea.

The only diseases with which glaucoma can easily be confounded

are cataract and gutta serena : it may be distinguished by its history;

by the greenish colour of the pupil, which evidently arises from changes

of structure in the parts behind it, and which is not visible when
viewed laterally ; by the defect of vision being disproportionate to the

change of colour of the pupil ; and by the sight being best in a strong

light.

Early treatment is necessary, and it should be actively antiphlogistic

;

blood should be drawn from the temples, and purgatives, mercury, and
abstemiousness be ordered. These, if they do not put a stop to the

disease, will retard its progress, and relieve many of its symptoms, aa

the headache, &c. If, however, the pupil becomes quite green and the

iris motionless, the case may be regarded as hopeless ; for there are no
means known by which the changes on which these symptoms depend

can be removed.
(Beer, Lehre von den AugenLrankheiten ; Lawrence, On We Diteate*

of ihe Eve; Mackenzie, On tht Di$eatet of the Ej/e.)

GLAbCOMELANIC ACID (C,,H,0„ HOf), an acid said to be formed

when an alkaline solution of ellagic acid is exposed to the air.

GLAUCOPICRINE. [GLACcntK.]

GLAZING. This name is given to several different processes in*tiid

manufacturing arts, each of which calls for a brief notice.

1. Window Olaiing.—th.a is the art of fixing gloss in the frames of

windows, ftc. Putty, with which the gloss is usually fixed, consists of

whiting and Unseed oil. As to the mode of cutting the glass, see

Diamond. The defective state of most skylights, hothouse roofs, &c.,

shows tJiat the art of glazing them is very imperfectly luiderstood by
those who practise it When s skylight ia gUze<l in the ordinary

manner, the lops or horizontal joinings fill with woter by capillary

attraction whenever it rains, and the wind drives the water into the

house. This process goes on as long as the shower lasts. Soiuetinios

vegetable fibres himg down from the laps, and, acting as siphons, draw

offlhe water taken up by them, which then falls into the house, and

by its dropping injures tender plants, 4c. The retained water also

expands in freezing, and fractures the glass.

The following remarks are the result of long practical experience

and careful observation. The edges of the glass which are to form the

laps should not be cut straight, but circular ; this will add to the

beauty of the work, and cause the water to run down the centre of the

openings, and not act so much on the bar& The cutting of glass in

this manner for domes and other omauental roofs, where the spaces

between the bars ore not parallel, was formerly difficult to execute,

and expensive on account of the waste of gloss ; but bv a contrivance

invented a few years ago, thia may now be acoompllshed with Mse,

expedition, and economy. The laps should be less than a q>iarter of

on inch wide, and wholly filled with a cement composed of putty with
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a good proportion of lamp-black, which will remain tougher and be

more waterproof than white-lead, carbon being much less soluble than

carbonate of lead. Some glaziers cement the laps at the time when
they are glazed, and leave a space in the centre to allow, aa they say,

the water that forms inside to nm out ; but the spaces thus left are large

enough to allow of the formation of sufficient ice to break the glass.

Cementing is of little use if done when the work is first glazed. After

the glazier has left his work as finished, the glass, which is very elastic,

springs up enough to leave the included cement loose and inefficient.

The elasticity of the glass may be taken advantage of after the side

putty is set firm. If the cement is then pressed into the laps and
care is taken that they are dry, the action opens the laps, and the

re-action of the glass closes them, and holds the cement fast and firm.

The largest glazing operations ever carried on in this coimtry were
probably those at the two Crystal Palaces, Hyde Park and Sydenham.
At the former there were 17 acres of window-glass in the roof alone,

besides that in the windows. The panes or squares mostly measured
49 inches by 10; and they were fitted into no less than 200 milei of

aash-bars.

2. Metal-glazing.—Tlua has nothing to do with the fixing of glass.

or the application of a vitreous coating ; it is a particular mode of

polishing metals, especially cutlery. The glaiert, so largely employed
at Sheffield, are wooden wheels covered with leather, and charged
with fine emery, waied to deaden the cutting action to a proper degree.

The larger kinds are built up piecemeal, with six or more sectors

having the grain placed radially. Mahogany, walnut, oak, crab-tree, and
birch, are the chief kinds of wood employed, mahogany being the best

;

and the wheels are turned into proper form before the edges are dressed.

The emery is applied in the state of a fine powder, moistened with
water. Other varieties of polishing wheel are used, nearly like glazers.

Buff-wheels are covered with leather in some cases half an inch in

thickness, taken from a bull's neck ; or sometimes old military belts

are used as a substitute. They are coated with coarse buff of sand and
water for polishing steel ; and with fine buff of rotteu-stune and oil for

brass, Britannia metal, horn, ivory, tortoiseehell, &c. Leather glazers

are covered with harder leather than butf-wbeels ; it is usually thick

sole-leather ; the emery is attached to the surface by means of glue

;

and such glazers are used for polishing various kinds of steel goods.

Leather polishers are wooden wheels covered with soft thin leather,

and supplied with crocus, rubbed on dry ; they are used likewise fur

steel goods. The various leather-edged glazers used by cutlers vary
from four to twenty inches in diameter, and from a quarter of an inch

to four inches in width at the edge. At Sheffield, leather is tanned
eiprcssly for many of these kinds of glazers, with a view to the extrac-

tion of every |>article of grease. Lapidaries employ wooden glazcFS in

smoothing soft and rounded stones ; these gluers are made of beech,
birch, or mahogany ; and emery is applied tu their edgca in a

powdered form, moistened with water. In what way the emery
admits of many ditferent modes of treatment is explained under
Kmkrt ; while the relation which the process of metal-glazing bears tu

other operations of Sheffield goods is shown under CUTLEBT.
3. Futile Glanny.—In Earthenware and Porcfxain, descriptions

are given of the circumstances un4er which a vitreous glaze is rendered
necessary on the surfaces of articles in baked ware ; and on the modes
in which the heat of an oven fixes this coating when applied. We
shall here speak only of the glaze itself. Most glazes are white, but
they can be deepened to any tint by the addition of the same kinds of

colouring ingredients as are usuaUy added to enamels. Nearly all

glazes contain lead, except when tu be applied to articles which would
be injured by that metal. A glaze without lead, for chemical vessels

and some other articles, is made of Lynn saqd 47 parts, potash 38,
slaked lime 9, and nitre 4 ; these are pulverised, brought to the state

of a paste or frit by heat, and again pulverised. One among many
kinds of glaze for common earthenware consists of white lead 59 parts,

ground Hints 36, Cornish stone 16, and ground flint glass 5. A glaze

for porcelain consists of felspar 27 parts, borax 18, fine sand 4, nitre 3,
soda 3, and Cornish clay 8 ; the whole being mixed, ground, heated to
a frit, again pulverised, and finally treated with a small addition of
calcined borax. A glaze for painted stone-ware consists of felspar 26,
soda 6, nitre 2, and borax 1 ; when these have been fritted together,
they are added to a mixture of red lead 60, white lead 40, and ground
flint 12. All these various kinds of glaze, when prepared, and about to
be used, are ground to powder, and mixed with water to a smooth
creamy liquid, into which the ware is dipped. In some few cases, the
ware is dipped into water, and the glaze sprinkled on it in the form of
dry powder. The heat of an oven finishes the operation.

4. There are other processes of glazing in the art*, which consist
in jittle more than the application of a varnish or glaze of white of
egg or gome similar substance.

GLAZING. [Eabthenwabe; Pobcelain.]
GLEANING. The practice of gleaning in corn-fields what the

reaper* of the harvest leave behind is vul^ly supposed to be a legal
custom which the " owner or occupier of the field ha» no right to pro-
hibit, and that the poor who enter a field for this purpose arc n(it
guilty of trespass." The act has, however, been decided to be illegal.

In the first case in which the question was raised the defendant pleaded
that he being a poor, necessitous, and indigent person, entered the
plaintiif'I close to glean; and in the second the defendant's plea was the

same, with the addition that he was an inhabitant legally settled within

the parish. The Court held that the claim had no foimdation in law,

and that, " it was a pi-actice incompatible with the exclusive enjoy-

ment of property, and was productive of vagrancy and many mis-

chievous consequences." (1 H. BI. Rep.' 51.)

GLfBE LAND, the portion of land belonging to a parish church
over and above the tithes If there be both a rector and a vicar, the

glebe land in the occupation of either does not pay tithes, though if in

the occupation of a tenant it does. The representatives of a deceased
inciuubent are entitled to the corn sown by him upon the glebe. Various
statutes have from time to time been passed to facilitate the exchange
of glebe lands, which are often scattered in small parcels in different

parts of the parish. It is doubtful whether a parson may open mines
upon his glebe, though he may work any that are open.

GLEE, in music, a vocal composition in three or more parts, any
instrumental addition to which is absolutely illegitimate, because

pernicious in effect ; except in the case of unsteady performers, when
the use of a piano-forte, gently touched, is advisable, as an evil of less

magnitude tLin false intonation and broken time. The word is

derived from the Anglo-Saxon xlij;^ ('jl'iig), which signifies music
generally ; hence the term Serious Olec may possibly not be so gross a

solecism as is commonly supposed ; though it must also be admitted
that the word usually implied cheerfidness ; and we are told by
Warton that gleetnan

(
jlijman), imswers to the h&tin JociUator.

The ^ee is of English giowth, though the madrigal seems to have
been its parent. The term is confined exclusively to this country, and
does not appear to have been employed till towariis the latter part of

the 17th century; but Dowland, Ford, I{avenscroft, and othei-s, pub-
lished nearly a hundred years before compositions having all the cha-

racter of that which subsequently took the name of (jlce, frequently

calling them part-songs, and occasionally applying the term madrigal
to them, notvrithstandlng their deficiency in what chiefly characterises

the latter.

Glees are called serious or cheerful, acconling to the sentiment of the
poetry. The most distinguished authors of this delightful species of

music are—^mentioning only those who now are personally beyond the
influence of praise or censure)—Ame, Baildon, Callcott, Cooke, Danby,
Hayes, Momington, Nares, Paxtou, Spofforth, S^fford Smith, Stevens,

and Webbe.
GLIADIN, (iliitin. a peculiar azotised vegetable matter which exists

in small quantity with the gluten of wheat, and to which the adhesive

properties of the latter are owing. It may be separated by boiling alcohol,

together with a thick fluid oU which is separable by ether. Gliadin

is adhesive, insoluble in water, when dried it is hard and translucent

like horn ; it dissolves in acetic acid and solution of potash. In com-
position it scarcely differs perceptibly from gluten. It contains in 100
parts,—

Carbon i3-37
Hydrogen 7*17

Nitrogen ....... IS'94

Oxygen and sulpbur :3'62

10000

GLUBE, the common term for a sphere, but most frequently used t«>

signify the earth itself, or the sphere on which a representation of the
earth or heavens is drawn.
GLOBE MAKING. This special <le]>artmeut of industry is one iu

which few bands are employed, for the demand is limited ; but it

requires considerable tact and experieuce. Most English globes are
hollow pasteboard balls. A wooden or iron mould is first formed, with
wires projecting at opposite sides to represent the earth's poles.

Several layers of long strips of paper are then pasted oue over another
on the mould, the undermost not being pasted to the wood or iron, but
kept down close upon it. These layers may be from four or five to a
dozen in number. When dry, this pasteboard envelope is cut iu the
line of the (future) equator, and is separated from the mould or ball

in two hemispheres. These are fastened by nails to the two ends of a
piece of wood exactly etiual in length to the diameter of the globe

;

and the edges of the hemispheres are glued together, so as to form a
pasteboard sphere. Two wires, projecting from the two ends of the
piece of wood, penetrate the pasteboard, and form the termini of the
axis of the globe. The (jasteboanl is then coated, six or more times

over, with a composition of whiting, glue, and oil, until a considerable

substance has been laid on : each layer being dried before the next is

applied. At this stage of the manufacture any irregularity in the
rotation of the globe on its axis is remedied, by increasing the thickness

or the weight in particular parts. The plaster surface, when made
quite smooth, is then marked with liues to represent the circles of

latitude and longitude ; this is done by women, who use a beam-
comi>as3 for the purpose. Meanwhile tl>e engraver has been at work,

to produce the geographical delineation which is to cover the globe

;

the whole surface is divided into lens-shaped pieces, like the gores of a

J b.illoon, seeing that it is only by such means that the surface can bo

easily covere<l without overlapping or vacuities. Two circular jjieccs

cover the arctic .ind antarctic regions ; and the gores extend only to a

meeting point within these pieces. The printing is effected on thin but

very tough paper. In globes of moderate size, each gore usually

1 represents 30 degrees of longitude, and 133 degrees of latitude. The
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|iicoM«r« pMted, u)d bud on with gmt care—the linM nuukad on the

pIltT being taken aa guidai. Huoh ikill U needed to effect the

ntemmrj junction of the edfcee without overUpping. The globe ia

than oolourvd, to muk the diriiions of Und and water, &c., and ii

nest coated with aareial kyera of atroog varniih. There is thtu a

Iwllow ^be of paateboard, coated with jMiter, covered with printed

paper, and «»tiiJi«it with water-colour and vamiah. The graduated

mericUan ringi are made of braas or of iron. The " poling of the

meridian,* or adjustment to make the glo)>e rvvulve truly, follows

;

and then cornea the cabinet work of fixing the globe to its frame or

stand—an engrared annulus or ring of paper being prepared to cover

the representative horixon.

The same principle of manufacture u followed, whether the globes

dl at six «>iilling» or fifty guineas a pair. Small Oerman globes are

now imported, however, as low as sixpence each ; and it is probable

that some more rapid method is ada(>ted for their production. Some
of the HiigH«l» globes are as much as 36 inches in diameter. Some, of

Isjne aise, contain not only the ordinary delineation, but also show the

geological structure of the earth, atmospheric cnrrenta, trade winds,

monsoons, ocean currents, isothermal lines, and trade routes. A
odeatial globe haa been made as much as 72 inches in dianirter, but

with the delineations written or painted instead of engravcxl. SUte
globes are made, for school use, with only the lines of btitude and
longitude mariced. Scnne globes are made with the land portions

shown in rtlitf ; these require a process of embossing by stamping.

&nbos»ed globes of this kind are made to show approximately the

irregularitiea on the moon's surface. Mr. Adams makes globes of

gotta percha, which can be taken to pieces for convenient packing, or

for instruction in putting them together again. He has also invented

a globe in which the terrestrial and celestiu spheres are superimposed

one on the other—but to the disadvantage of both. Ziebermayer of

Vienna makes globes in which a small terrestrial sphere is inclosed in

a g^ass sphere marked with the coiistellations, &a, with mechanism fur

showing the places of the sun and moon among the stars. Olobes

have sometimes been made of tissue paper, inflated by air to a

diameter of ten or twelve feet, and suspended by a string from the
«v«iHT»«[ of a school-room or lecture-room. Betts's smaller paper globes

are so conatructed as to fold up conveniently into a very small space

when not in use. Messrs. Goodyear manufacture globes of inflated

india-rubber, or silk coated with india-rubber solution. The globes

which have been made large enough for persons to enter withinside

—

such as Ou^rin's Georama, 30 feet in diameter, and VV'yld's Great

Globe, 60 feet in diameter—are examples of building rather than

of riobe-making.

The engraved Mper surface of one of Addison's 36 inch globes was
made use of by Professor Rigaud, of Cambridge, for determining the

relative quantities of land and water on the earth's surface. The
p^ier was selected with especial care ; the printing was effected with

as little ink as possible ; the drying and cutting out were well attended

to ; and the pieces were weighed in a very delicate balance. Halley

and Long had done the same thing with smaller globes long before

;

but Bigaud's process was in every way more trustworthy. On all

globes the Arctic and Antarctic positions are necessarily left very

vague ; and the professor could only make guess-work of those regions.

The result of a very laborious examination was, that if the earth's

mmitaa be divided into 1000 equal ports, 266 of these are dry land, and
784 water. The 266 are thus distributed :—Europe and the adjacent

islands 164, Asia 89, Africa 594, America SSJ, Australasian group 154.

In another mode of grouping, the northei-n beniispbcrt? comprises 197
land and 303 water : the souUiem hemisphere C9 land and 431 water.

GLOBE OF COMPRESSION, a name given by Belidor to over-

charged mines, that is, producing anything over a two lined crater,

rilms.] Such mines have been iised by the besiegers of a fortress to

dasbroy the galleries of the counter-mmes, and blow the wall uf the

ooonteracarp into the ditch. They were first employed by the king of

Prussia, in 1762, at the siege of SchweidnitK.

GLOBULAR PROJECTION. We beUeve this term has been
applied to mora than one species of map, but particularly to the

projection proposed by Lahire, in which the eye is supposed to be
distant from the globe represented in whole or part by one half of the

chord of an are of ninety degrees. This projection gives but a small

distortiao, compared with that of the stereographic projection ; it is

however veiy rarely employed, on account of the projections of most
of the great oiroles being ellipses.

GLOBULAR SAILING. [Obeat Ciboli Sauikq.]
GLOBULIN, an aUiuminous substance contained in the hlood-

l^obules, united with hcmatin, the colouring-matter of blood, it is

contained, also, in the crystalline humour of the eye. Its aqueous
solatian coagulates at a higher temperature than that of albumen. It

poanases a slightly alkaline re-action, and in other respects greatly

wemblee albumen. It is composed of,—

Carbon ....... U-i
BTdrofcn (-9

Nitrogen 16 5

Sulphur -S

Oijrfcn 11-S

GLOVE (from the Aiiglo4axon ghif), a cover for the hand.
Casaubon asserts, with reference to a passage in Athemmu (xy. 3), that

the ancient Greeks and Romans knew of no such covering for ib»
banda ; though he shows that they were in use among the Romans in
the time of Pliny the younger. The Persians used gloves in cold
weather, a circumstance charged against them as a proof of their

luxurious habits. Xenophon, ' Cyrop.,' viii. 8, 17.

In England the etymology of the wend shows the early use of gloves.

With kings, nobles, and prelates in the Middle Ages they were a oostly

article of dreas, and richly decorated, being sometimes, particularly

those of bishops, adorned with precious stones.

While the spirit of chivalry lasted, the glove of a lady, worn in the
helmet as a favour, was a very honourable token ; and much of the
wearer's success was supposed to be derived from the virtue of the
lady. The practice of wearing a glove as a favour is mentioned by
Hall in his 'Chronide,' in the reign of Henry IV., and frequently

among our old dramatic writers. Nares's ' Glossary,' in voce.

At what is called a maiden assize, or when there are no prisoners to

be tried, it has from time immemorial been the custom fur the high
sheriff to present the judges with white ^ves. Formerly on an
application for the revereal of an outUwry, Uie defendant was obliged

to appear personally in court and present gloves to the judges. Gloves
are not worn in the preeence of the sovereign.

In former times it appears to have be«i a general custom during
fairs to hang out a glove from the town hall or some other conspicuous
place, and it is said that whilst the glove remained suspended, all

who visited the fair were privileged from arrest. The taking down of
the glove was the signal that the fair was closed. (See instances and
authorities collected in ' Notes and Queries,' vols. viL snd viii.)

At the sale of the Earl of Arran's goods, in the month of April, 1 759,
the gloves given by Henry VIII. to Sir Anthony Denny were sold for

3S/. 17«. ; those given by James I. to his sou Edward Denny, for

22/. if. ; and the mittens given by Queen Elizabeth to Sir EMward
Denny's lady, for 25/. 4<. Qough ' Sepulchr. Mon., L 185, says, " These
may be supposed some of the oldest gloves extant"
To throv) the 9/ore by way of challenge to duel is mentioned ih

Matthew Paris's History, under the year 1245. He calls it mo$
Fnutcurum. Throwing down a glove as a challenge by the royal

champion was a part of the coronation ceremony as late as we
coronation of George IV.

GLOVE MANUFACTURE. Gloves are made at the present day
of a great variety of substances,—kid, lambskin, buck, doe, dogskin,
and other kinds of leather ; together with silk, flax, cotton, and wool, and
mixtures of two or more of Uiese. Some are known by names which
do not denote the materials used, such as Limerick, Berun, Woodstock,
Kendal, Yeovil, &c. " Habits," or habit gloves, are ladies' short gloves;

the name being derived from the gloves formerly worn by ladies on
horseback, at a time when long gloves were worn with walking dress.

The following obwrvations on the characteristics of the chief kinds
of gloves, in a manuf.icturing point of view, are mostly condensed from
Mr. Perkins's useful little volume on the subject. Kid is valuable for
gloves in proportion to its elasticity ; when it is both elastic and close

in texture, it is employed for the beet " town made " gloves, wliich are
equal in quality to the best French. Most of the so-called kid gloves
sold at a low price are mode of lambskin ; the leather is always thicker
and heavier than real kid. It is only the very best English kid gloves

which are equal to the (Yench ; and as the latter have a good name in

the market, there is much deception practised. Three-fourths of the
real kid gloves sold in England as " French," are ma<le in England, of

kid skins obtained from France, Italy, and Ireland. Limerick gloves

are a peculiar kind of kid, and are mostly worn in Ireland. Buckskin
is a dose-groined and very strong leather for gloves ; it has a little

elasticity, and bears cleaning well. Sheepskin gloves are generally

white, and are used for the anny. Tan gloves are cheap and service-

able articles of a tan colour, for gardening, riding, and driving ; the
top is finished by a cuff formed by reversing the face of the leather.

Beaver is an inappropriate name for the commonest kinds of leather

gloves, mostly dyed drab. Woodstock is a kind of superior beaver, in

which much attention is paid to cutting snd sewing. Doeskin is a
more substantial, durable, and soft leather than that employed for

beaver or Woodstock gloves. Silk gloves are classed in quality partly

according to the weight of silk, and partly to the neatness of the
sewing. About the time of the Great Kxbibitiou, silk gloves were
introduced, cut upon the same principle as kid gloves ; and these have
since been much sought after, as presenting a better and neater fit

than the general kinds of textile glovee. Benin gloves were originally

imported from Berlin ; then from some parts of Switzerland : but now
they are largely made in England, where they aro considered to be
very superior to the cotton gloves which they superseded. Thread
gloves are made of flax, hemp, and cotton, according to their price and
quality.

So far as concerns the English glovers as a body, it appears that in

London they were incorporated by Cliarles I. in 1638, although they
had long before formed a guild among themselves. The guild, as in

nearly ul cases, sought to create or maintain a monopoly; and the

charter enabled tlicm to du this. Deer and sheepskin gloves were the

kinds chiefly mode in London at that time ; but after the introduction

of kid gloves into England, the London makers took up that branch.
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jmd have ever since conducted it more successfully than the glovers of

other parts of England. Worcester has produced gloves for nearly

three hundred years ; first of the beaver, or oil-leather kind, and then

of the tanned or alumed leather, of which kid is an example. At
Woodstock gloves have been made ever since the time of Queen
Elizabeth. Ludlow, Leominster, and Yeovil, are other towns in which

leather gloves are made. The introduction of knitted or looped fabrics

for gloves, similar in texture to hosiery, has had the effect of removing

much of the glove manufacture to the counties of Nottingham,

Leicester, and Derby, where such fabrics are mostly made ; this

novelty, and the larger importation of French gloves on the lowering

of the duty, have had the effect of reducing the manufacture of leather

gloves in most of the above-named towns.

The economy of the glove manufacture is generally somewhat as

follows. Taking Worcester as an example, the lua-ster-manufacturers

live in the town, while the glove-sewers live in all -the villages for

many miles round about. These sewers are mostly the wives and

daughters of country people, who eke out a scanty subsistence by this

means. The leather employed mostly undergoes its preparatory pre-

paration at some of the tanneries in Bermondsey, but it is finished at

Worcester. The dressed skins are cut out in workshops, either by the

shears and guide-pieces, or by cutting machines of quicker action.

All the necessary thumb-pieces, finger-side pieces, &c., are cut out in

proportionate number ; and enough pieces for a dozen pairs are made
lip into a parcel. The sewers either send to the warehouse and take

away the parcels of pieces, or agents of the manufacturer make a tour

among the neighbouring villages at stated intervals, bring glove-pieces

to be made up, take away the gloves which have been made since the

lost visit, and pay for the labour bestowed upon them : there may be

branch establishments at a few of the villages, each of which is the

centre of a district of glove-sewers. The sewers use a clasp or clam,

which is held between the feet and knees, and which clasps the leather

or leathers while being sewn ; in some cases the sewer is aided by a

kind of brass comb or notched plate, for ensuring regularity in the

stitches. Some of the women and girls confine theii- attention to

sewing the different pieces together ; some work the ornamental

stitchuig at the back of the glove, while others finish the top. It may
here be remarked, however, that sewing-machines are gradually finding

their way into the glove-trade ; but it is only a portion of the work
which can be done by their aid.

About ten years ago it was estimated that 46,000 persons were em-

ployed at glove making in England, producing gloves valued at about

one million sterling annually. During the years 1856-7-8, French
gloves were imported to the number of about 4,000,000 pairs

annually.

GLUCIC ACID (C„H,jO,„ 3H0) ; Kalliaecharic acid. Glucose, or

grape sugar, forms, with bases, definite combinations, termed glucosides.

Within a short time after the formation of such compounds their solu-

tions are decomposable by a current of carbonic acid with separation

of unaltered sugar ; but even at ordinary temperatures they soon begin

to undergo change ; the liquid, at first powerfully alkaUne, becomes
neutral, and a substance uf strongly acid character remains in combi-

nation with the base. To this substance is given the name gluck acid.

On the addition of subacetate of lead to the neutral solution, sub-glucate

of lead is precipitate<l, and this, on being decomposed by sulphuretted

hydrogen, furnishes glucic acid.

Olucic acid is colourless and uncrystallisable, in appearance it some-

what resembles tannin, is very soluble in water and alcohol, has an

acid taste, and combines with some bases to form neutral and acid

salts. These salts are difficult to obtain in a crystallised condition

;

but the general formula of the neutral ones appears to be Cj,H,jM,0„
+Aq.
When solution of glucic acid is boiled, it absorbs oxygen, becomes

brown, and a new uncrystallisable acid is formed. To the latter

Hiilder gives the name apoglucic acid.

OLUCINA. [Glucibcm.]
OLUCINUM (Gl.), the metallic base of an earth or oxide (ylucina)

discovered by Vauquelin in 1798, in the beryl, or aqua marina, and
afterwards in the emerald. Before the discovery of potassium, glucina

and all other earths were considered as simple substances. Glucinum
was first obtained from glucina in 1827 by Wohler, who procured it by
decomposing the chloride of glucinum. Obtained in this mode, glu-

cinum is a fine powder of a deep gray colour, which is very difficult of

fusion. But, according to more recent experiments, it is, after fusion,

a white malleable metal of sp. gr. 2'1, fusing at a lower heat than
silver. It does not bum when heate<l in air or oxygen, neither does it

decompose the vapour of water at a red heat.

, Dilute acids and solution of potash dissolve glucinum, with the evo-

lution of hydrogen gas, and its consequent conversion into glucina.

Olucina (Ol^O,), the only known oxide of the metal, is obtained
from the minerals which contain it, by fusing with carbonate of potash,

and treatment with acids and with carbonate of anunonia, which dis-

solves the glucina, and leaves the alumina unacted upon; the carbonate
of ammonia being expelled by heat, pure glucina remains.

The properties of glucina are, that it is a light white powder, which
has neither smell nor taste, infusible, insoluble in water and solution

of ammonia, but soluble in potash aud soda ; its specific gravity is

about 3.

Glucinum combines readily also with chlorine, iodine, bromine,
sulphur, &c.

Chloride of ylucinum (GljClj) is obtained by cautiously evaporating
a solution of glucina in hydrochloric acid. The residue is colourless,

sweet, very fusible and volatile, and sublimes readily in white brilliant

needles ; it deliquesces in the air, and dissolves largely in water with
the extrication of heat. When procured by evaporation, it is a gummy
mass, which contains water, and wheu heated in the air is decomposed
into hydrochloric acid and glucina.

i>ulphide of glucinum is formed by heating the metal in the vapour
of sulphur. Much heat is given out, and a gray sulphide of the meted
is obtained, which is soluble in water and decomposed by acids, with
the evolution of hydrosulphuric acid.

The salts which glucina forms with acids are not important ; we
shall therefore mention only their general properties. They are all

colourless, except the chromate, which is yellow ; the taste is sweet,

and hence the name of the earth, and slightly astringent. With potash

and soda they give a white precipitate of hydrate of glucina, which an
excess re-dissolves ; but ammonia in excess does not re-dissolve the

hydrate. The carbonate of ammonia in excess re-dissolves the pre-

cipitated carbonate, and so also do, slightly, the carbonates of potash

and soda. Neither ferrocyanide of potassium nor tincture of galls

gives any precipitate. With fluoride of potassium there is produced a
double salt, which crystallises in small scales, provided the solutions

are hot, and the adnuxture is continued till the solutions begin to be
turbid.

GLUCOSE. [Sugar.]
GLUCOSIDES. A number of vegetable substances which yield

sugar under the influence of various chemical agents are compre-
hended under this term. The following is a list of the bfst known
glucosides :

—

Phloridzin (C,.H„Ojo, 4Aq.), when boiled with weak acids, is

decomposed into grape-sugar and a resinous matter named phloretin

:

—
c.,H,,o„ + 4H0 = c„n,.o,, 4- C,.H,,0,,

rbloridzin. Grape sugar. rhloretin.

Quercitrin (CjjH,,Oj<,-t- 2Aq.) is transformed into qiiercctin and grape-

sugar when boiled with dilute sulphuric or hydrochloric acids :

—

C>.H,,0„ + 4H0 = C„H,,0,. + ^j.H.O,,

Quercitriu. Grape sugar. Qucrcetin.

Arbutin (CjjH.jO,,), under the influence of synaptase, yields grape-

sugar and arcturin

:

—
Ci,H„0„ + 2H0 = C,„U,,0, + c.,n,.o,.

Arbutin. Arcturin. Gtapc sugar.

ExiiUn (C„H„0,,), when digested with synaptase or boiled with
dilute acids, yields aculetin and grape-sugar :

—

C..H„0„ + lOHO = Cj.U.O, + 2(C,,H,.0,,)

Esoulin. Esculetin. Grape sugar.

Descriptions of these glucosides are given under their respective

names.
GLUE. [Gelatine.]

GLUTEN is the name given to the viscid, sticky, and more or less

elastic substance that remains when wheaten flour, inclosed in a bag,

has been well kneatled under water. It is exclusively a vegetable pro-

duct, is a characteristic ingredient of all the cereal grains, but is

notably contained in wheat and rye.

Gluten plays an important part in the manufacture of bread, a

portion of it inducing alteration of the starch and subsequent fei-men-

tation, while another portion, on account of its elastic property, admits

of the expansion or rising of the dough, and by its adhesive property

gives permanence to that expansion by preventing the expanding gas

from escaping. [Bread.]

As an article of food, gluten is a nutritive or flesh-forming miiterial,

cont,iining about 16 per cent, of nitrogen ; and as large quantities of it

are produced in the manufacture of wheat-starch, it has, under various

forms, been intro<luced as an alimentary substance. OtiUen bread,

given to diabetic patients, may be readily made. O'liUcii biscuits, also

have been proposed ; and a kind of maccaroni or vermicelli, similar to

the Italian pastes, was sometime since introduced into commerce.

Semola is, essentially, wheat-flour from which a large proportion of the

starch has been washed, and the residue dried and granulated.

Gluten is not a single definite body, but contains four distinct prin-

ciples,—glutin, vegetable fibrin, vegetable casein, and an oily matter.

[P'ibrin; Gliadin.] Gluten is soluble in cold acetic acid and weak

alkaline solutions ; from these liquids it is again precipitated on care-

fully neutralising. The mineral acids form comi>ounds with it. In

the dry state it forms a brown homy-looking mass, that may be

preserved for any length of time; but in the moist condition it rapidly

putrefies.
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OLUTrN. rOuAOiM.)
OLTCKKAMINK. [Olyckms.!
GLYCKKK; acid (C,H.0,). TUm body wm flrit diwoTcnd l^

Debus, whu ubUiiMd it by uie oxidation of glycorin by meuu uf nitric

aoid. One |iart of glycoriu mixed with its TolutD« »f water i» placed in

an upright oylindMr, and one part nf itrong nitric acid allowed to flow

underiMatb toe glyotrin. The two layen padually mix, and oxidation

lakM place with niaengignnmnt of gaa. After the action it over, the

product t« evaporated in small quantities in the water bath, diluted

with water, neutralised with chalk, and strong alcohol added, which

ptecipitatea the lime salts. These are then dinolved in warm water,

filtered, and to the filtrate exceaa of milk of lime id added, which

preci|Utates certain impuritiea. The liquid is a^n filtered, the free

lime rsmoTcd by carbonic acid, and the liquid evaporated to orys-

tallJMtion.

The add is obtained by precipitating the lime-aalt with oxalic avid,

aad evaporating the filtrate m the water Inth. In its state of grteteiit

oonoanlration it is a thick yellowish syrup, which dried at 284* Fahr.

bM the appearance of gum arable. It rftulily attracts moisture. Its

aqueoua solution decomposes carbonates, coagulates milk, and dissolves

iron and sine with disengagement of gas. The salts of glyceric acid

aystalliae well ; they have the general formula C^B,MO,.
Qlyoeric aoid can be considered as being derived from glycerin in

the same manner as glycolic acid from glycol, or as acetic acid is

derived from ordinary alcohol :

—

Aleobid. GlTool. Glycerin.

c.H.o.
\

(C.H.o.r 1 (c.n,o,r
\ o.

Acetic add. GlycoUc acid. Glyceric acid.

According to this view of its constitution, glyceric acid is tribasic.

But the nits of glyceric acid, as far as they have been examined, are

monobasic. In order to decide the question as to the basiscity of

idyceric acid, the ethen and the amides ought to be investigated ; until

tC H O '"\ 1

this is done, the formula may be written ^ ' \,'
j 0, although it

must be confessed that at present this view is nothing more than a

probable hypotheein.

GLYCERIDES. [Glycerin.]

GLYCERIN (C^.O.), HydraUd oxide of lipyl. This substance

was discovered by Scueele in 1779, who obtained it in the preparation

of lead pUster. He named it, " sweet principle of oils," from its sweet

taste. Subsequently, its properties were more accurately studied by

Chevreul in his classical investigations on the chemical history of

bodies of &tty origin, and by Pelouze. Recently Bertbelot and De
Luca have greatiy extended our knowledge of this substance.

Most of the fats and oils of the animal and vegetable kingdoms

have a constitution analogous to that of the compound ethers,—acetic

ether, fur example. When that substance is treated with alkalies it

aaimilatee the elements of'water, forming an alkaline acetate and

aloohoL Uils and fats in like manner undergo by the same treatment

a similar change. They assimilate the elements of water, glycerin ia

et free, and a salt of the acid, previously in combination with glycerin,

is formed. On this decomposition the methods of preparing glycerin

are based.

Olyoerin may be prepared by saponifying oils with oxide of lead :

equal parts of olive oil and of finely powdered litharge are mixed in a

basin with water, the mixture heated tu boiling for some time, and
continually stirred, water being added tu replace that which evaporates.

Insoluble lead salts (in this case, the oleate and stearate of lead) are

formed ; warm water is then added, and the aqueous liquid decanted,

Utered, and sulphuretted hydrogen pasand through the filtrate, in

Older to precipitate a small quantity of oxide of le«l, which dissolves.

The filtered liquid is than evaporated in vacuo, or over the water

bath.

Glycerin is also obtained as a by-product in the manufacture of

stearin oandlas, in which case, the saponification is effected by iiieaiiH

of lima.

But the aimplast method, and that to which we owe the abundant
and cheap supply of glycerin met with in commerce, i> the one
intraduoed by WUson. It consists in treating the fats in a suitable

illaHHing apparatus with superheated staam. The fats assimilate the

•laments of water, and are deoompoeed into their cunstitucuts- -the

fatty aoida and glycerin. Both distil over, and form in the recipient

two layers of Uquid, of which the lower is tolerably pure aqueous
glj^arin. To punfy it still further it may be again distilled with high

prMHire steam, ooncentrated in the water bath, and ultimately in

VMUO trm sulphuric add.

Purs giyearin is a oulourleas, viscous, neutral, inodorous liquid,

with a awest taate, from whence it derives its name (yKmis, sweat).

It is uiicryataUiaabie ; at 40° Fahr. it becomes gummy, and almost

aolid. It ia miadhle with water and alcohol in all proportiona, but ia

imoluble in ether. It attracts moirtun^ fmni the air, and
~

mora limpid. Conoeotntad as far as poaible in vacuo over sulphuric

add, it has the a\>. gr. 1'28S at 150* Fahr. It is difficultiy volatile, snd
only begins to distil unchanf^ at 618° Fahr. When its uiitieous

solution is distilled if" n passes off with the v«[Kiur.

Pasteur has found t !j is contained in all fermented liquors,

and mors especially iu nmr. iia quantity amounts to 3 per oenL of

the famMnlad sugar.

/)lK«i>ijKi*i(uNi of glj/eerin.—When glycerin ia rapidly heated in a

closed vessel above ita boiling point, it is decomposed, with formation

of inflammable gases, acetic acid, and acrolein. Derivatives of gly-

oarin also, such as the natural oils and fats, by destructive distillation,

yield acrolein, the characteristic odour of which readily uidicates the

presence of glycerin in any of these bodies.

Mixed with platinum black, and placed in oxygen, glycerin absorbs a

large quantity uf this gas, with the formation of inadequately investi-

gated add products, probably containing glyceric aoid, which are

ultimately oxidised to carbonic acid and water.

When an aqueous solution of glycerin is exposed in contact with
yeast to a temperature of 68-85* Fahr. for several months, a large

quantity of propionic acid is produced, together with some formic and
acetic acids.

According to Berthelot, glycerin passes by fermentation into alcohol,

when it is left for some time in contact with chalk and decaying

cheese to a temperature of 85-1U5* Fahr.

When glycerin is gentiy heated with hydrate of potash or soda, it is

converted into acetate and formiate, with hberation of hydrogen. Acro-

lein apiieare to be first formed, this then passes into acrylic acid,

which in turn is resolved into acetic and formic acids.

In contact vrith anhydrous phosphoric add, glycerin becomes
strongly heated, and acrolein is disengaged; this is also the case

when it is distilled with bisulphate of potash.

Strong nitric acid converts glycerin in a great measure into yli/cav;

acid, 0,11,0,. By a mixture of strong nitric and sulphuric acids, it is

converted into nilro-ylyeerin C,H,0„8N0,.
The oily nature of glycerin, its property of not solidifying, even

when ex{)06od to great cold, its permanency, its pleasant taste, its

solvent powers, and the cheap rate at which it can be procured, will

eventually secure for it an extensive use in pharmacy, arts, and manu-
factures. A few of its applications may be here mentioned.

It haji been used to preserve articles of food, botanical and Eoological

preparations. When added to confectionary wares, preserved fruita,

and chocolate, it serves to prevent them from becoming dry. It

serves a similar puriiose in the manufacture of tobacco and snuff. The
water in gas-meters is liable to freeze in winter, and evaporate too

rapidly in summer : the addition of glycerin prevents theee evils.

Glycerin is also used in the manufacture of copying ink, and in

lubricating. It ia also used, under a patent, in preparing paper for

dry printing.

Qlyeeridtt, and cmutitutitM of ylyctrin.—The glycerides are the com-
pound ethers of glycerin. To understand their nature the constitu-

tion of glycerin must be understood, and the two points can best be
discussed together.

The natural fats and oils, as previuusly stated, have a constitution

analogous to that of the compound ethers. This view of their com-
position was first propounded by Chevreul. Afterwards, DuHj'. in iui

investigation of stearin, found that the quantity of stearine, which iu

saponifying forms one equivalent of stearic add, only forms one-third

of an equivalent of glycerin. Subsequently, Berthelot succeeded iu

artificially forming a large quantity of the natural fats, by direetiy

combining the acids with glycerin, and it is on these researches, and
on an interpretation of them proposed by Wurtc, that the prevailing

views of their constitution are based. Bertiielot found th-tt the acids

could be made to combine with glycerin in three different proportions,

with elimination of the elements of water, and he characterised glyoeriu

08 a polyacid alcohol ; that is, as an alcohol in which several equiva-

lents of hydrogen are replaceable by add radicals to form ethers. Ho
considered glycerin aa bearing to alcohol a somewhat similar relation

to that which trifaadc phosplmrio acid bears to nitric add.

Ordinary alcohol we may oonsider to be derived from the t)-pe uf ^
H I

double atom of water a r 0, by the substitution of the mouoatomic

radical ethyl for an atom of hydrogen ; and a compound ethar is

alcohol, iu which another atom of ihydrogeu is replaced by an add
radical, such as acetyl. Thus :

—

Acetic ether.

In like manner we may oonsider glycerin to be derived from the

type of Ihrte double atoms of water by the substitution of the teratomio

radical C, H,'" for three atom* of hydrogen. Thus :—

2:}«.

i aloDii of water.
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This view of the constitution of glycerin is supported by an experi-

ment of Wurtz, in which he succeeded in obtaining glycerin artificially.

By the action of terbromide of allyl, C„H5"'Br3, on acetate of silver,

a body is formed which has the composition and all the properties of

triacetin. When this body is decomposed by baryta water, acetate

of barrti and glycerin are formed. Terbromide of aUyl is not a deriva-

tive of glycerin, it belongs to the allylic alcohol series. The following
re-actions exhibit the change :

—

Bromide Triacetin,

of Bilrer.

Glycerin.Triacetin, Hydrate of

baryta.

Acetate of baryta.

tn alcohol there if only one atom of hydrogen replaceable by a

radical to form a compound ether. In glycerin there are three atoms
capable of being replaced, and accoiSingly we may have three series of

ethers, thiw :—

(c.H,r
)

(C.HO" \ (C.H.)
R
H 0.

R
R 0.

B
R

II H R

All these three clamea are represented by compounds, some of which
have been prepare<l directly from their constituents, and some
exist already formed in nature. The glycerides which compose
the natural fats are almost all normal neutral glycerides, that is,

uiey contain 3 eq. of hydrogen replaced by 3 eq. of an acid radical,

and the natural fats are almost all mixtures of several of these
glycerides.

From the above view of the constitution of glycerin, it is obvious
that a great number of glycerides may exist, accoixling as 1 , 2, or 3 eq.

of hydrogen are replaced by 1, 2, or 3 of the same or different

.xcid radicals. We may also have glycerides of the following com-
position :

—

(c.H.r
H"
H

(C.H
R'

R

',?'

0. R" /
"•

It is evident that glycerin may give rise to the formation of a great
number of ethers, according as the atoms of hydrogen are replaced by
different monoatomic radicals, or by a biatomic radical, or by a ter-

atomic radical, where k" and n'" are respectively biatomic and teretomic
radicals.

The natural glycerides have been named by adding to an abbrevia-
tion of the name of the acid, the termination in, thus we hare ttearin,

olein, &c. The artificial fats have been named in accordance with this
principle, and the prefixes mono-, di-, and tri-, express respectively the
proportions of the radical contained in them. Thus we have :—

C.H.'" 1 C.H."'
I

C.H,'" 1

(C,.H,.0,) O. (C,.1I„0,)"|0. CC,.u,.o,)>;"«
H, ) H )

' ,
'

Monostcarin.

Similarly we have*:

—

C.H.'"
I

(C.H.O.) O,
H.

Monoocctin,

Distearin,

C.H."'
(C.H,0,)« Jo.

H
^ V"

'Diacetln.

Tristcarin,

C.H.'" 1,
(C.H,0,)«r

Triacetin.

According to Berthelot, the artificial fats are formed by heating the
hydrated acids along with glycerin in closed vessels for some time to a
more or less elevated temperature. Bfany of them are formed even
at the. ordinary temperature. The glycerides containing 1 eq. of acid
are mostly obtained by the continued heating of a mixture of hydrated
acid with excess of glycerin to a temperature of 392° Fahr.
Of those containing 2 eq. of acid, some are obtained by continuously

heiting glycerin with excess of acid to a temperature of 392° Fahr. In
some cases combination takes place at 212° Fahr. ; in others the tem-
perature requires to be raised to 527 Fahr.
The neutral compounds are obtained by heating the above com-

pounds with excess of add to a temperature of from 4«4° Fahr. to
600* Fahr.

In many cases the glycerides may be obtained by saturating a mix-
ture of glycerin and the acid with hydrochloric acid, and heatins to
212° Fahr.

The combination of glycerin with the acid takes place with the loss

of water—a double atom of water being separated for every equivalent
of acid. Thus :

—

2H0 + C,„H,„0,

Monoacetin.

4H0 + C,,U,,0„

Diaeetin.

6U0 + CigUi.0,5

Triacetin.

CeH.O. + 3(C.H.OJ

Besides combining glycerin with the fatty acids, Berthelot has ob-

tained combinations with the mineral acids. A brief notice of the
hydrochloric and nitric acid compoimds will be given here ; and most
of the glycerides will be described under their respective heads. But
for further information on the subject, the reader must be referred to

the original papers of Berthelot which have appeared in the ' Annales
de Chimie et Physique,' vols, xli and xliii.

Glycerin forms with hydrochloric acid three combinations, which
have been named monochlorhydrin, dichlorhydriu, and trichlor-

hydrin.

Monoci
f C,H/'l \

rAforAydrin I C,H,C10.= H^ > 0, 1 is obtained by saturating

\ CI j /
glycerin with hydrochloric acid gas, and maintaining the solution for a
long time at a temperature of 212° Fahr. It is then neutralised with
carbonate of soda, and agitated with ether. On evaporating this solu-

tion, the body is left as a neutral oil, of a fresb and ethereal odour, and
a sweet but fragrant taste. It is misoible with water and ether. Its

density is 1 'SI, and it boils at 441° Fahr. Monochlorhydrin acts on
ammonia, and forms the hydrochlorate of a base which Berthelot

names ijlyieraiximt.

C,H,0.,C1 -f Nil,

Monochlorhvdrin.

,

C.H,0,
n{ H -f uct

II

Hydrochlorate of

Blyceraminc,

.fc,H,Cl,0,= H |0.jis obtained by exposing a

C H '

i)icAforAy<irin( C,H,C1,0,= °H
CI,

mixture of glycerin with ten to twelve times its bulk of fuming
hydrochloric acid to a temperature of 212° Fahr. for several days. It

is purified like the preceding compound. It has a strong ethereal

odour ; dissolves readily in ether, but with greater diiiiculty in water

tlian monochlorhydrin. It boils at 352° Fahr. It is decomposed by
alkalies into chlorides and glycerin.

f ' H '" )

Trichl'irht/drin, CjH.Cl, = °^<^ i obtained by treating dichlor-

hydrin with pentachloride of phosphorus ; it is a neutral liquid, boiling

at 311° Fahr.

The formation of these ethers may be thus expressed :

—

c.n.o. + iiCT = c.n,o.a + jho

Glycerin. Monochlorhydrin,

C.H.O. + SHO

Glycerin.

C.H.O.Cl, -f 4H0

Dicblorhydiin,

C.H.O. -1- snci = c.H.ci, -i cno

Glycerin, Trichiorhydrin,

C.H.' '^
Nitrorjlycerin , Glonoin XSq'ij > O", the nitric Sther of glycerin. This

substance is prepared by gradually adding glycerin to a mixture of

sulphuric and fuming nitric acids, carefully cooled. The glycerin

dissolves without any disengagement of nitric vapours. On adding

water to the solution, nitroglycerin.is precipitated as a heavy yellowish

oil, soluble in alcohol and ether, with a saccharine and aromatic

taste. It is a very instable compound. It decomposes with a loud

detonation when heated, and explodes even when struck violently. A
solution of nitroglycerin, left to stand for some time, decomposes into

glyceric acid. A drop of nitroglycerin placed on the tongue causes a

sensation of nausea, which lasts for several hours.

Nitroglycerin appears to possess different properties, according to the

mode of its formation. Probably in some cases a basic nitrate is

formed.
(ilyeeric Ether. The replacement of both the hydrogen atoms m

alcohol by ethyl produces ether ^'y' Vo,. The compound exactly cor-

responding to ether in the series of glycerin is not known, but a
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I exiito which ourrMpondi to the mixed atlten of Willumson

TU> ia dialinlin. It is praparad br heating a mixture of Klyceriu,

oauatio potass, and bromide of ethyl, to a temperature of 100* for

•erenkl day*. It is a colourieas limpid oil, with a slightly aromatio

ethereal odour. lU ap. gr. is 0920, and it boils at 876* Fkhr. lU
formula is C,.H,,0„ and it is glycerin in which 2 equiralents of

C'.H." 1

hydrogen ar« replaced by 2 equivalents of ethyl (C,H,), > O^
H J

Olyoerin, when treated with sulphuric, phosphoric, or tartaric acids,

oombinea with them, forming compounds analogous to sulphovinic,

phonhoTinic, and tartrorinio acids.

Sulpkoglfcarie Aeid (CyH,S,0,,). When glycerin is mixed in the

cold with double ita weight of concentrated sulphuric acid, the two

snfaatanoes combine with considerable elevation of t«mpenitare, but

without producing any colouring. The mixture is cooled, diluted with

water, and then saturated with baryta, by which a crystallisable sulpho-

fjtmente of baryta is formed. By treating a aolutiuu of this substance

with sulphuric acid, sulphate of baryta is formed, and sulphoglycerio

a4dd aet free. The aqueous solution of the latter must be concentrated

in vacuo, and the concentration cannot exceed a certain limit, other-

wiae decomposition takes place, even at 32* Fahr. The sulphoglycerates

are mostly soluble in water ; they are veiy readily decomposed by being

heated with water or metallic oxides, forming sulphuric acid and
{^ycerin. By dry distillation they are decomposed, with formation of

sulphurous acid, acrylic acid, acrolein, &c.

Sulpho^yoeric acid is analogous to sulphovinic acid. If this latter

be considerad aa sulphuric acid in which one atom of hydrogen has

been replaced by ethyl, then the corresponding compound of glycerin

may be npreeented as sulphuric acid in which one atom of hydrogen

is replaced by Uie monatomic group C,H,0. derived from glycerin.

The same remark would apply to phosphoglycerio and tartroglyceric

acids. The formation of sulphoglycerio acid is thus expressed :

—

Glycerin. Sulphoglyceric

acid.

Pkotphoglyterie acid (C.HjOj.POjHO). This body is obtained by'

dissolving glacial phosphoric acid in its weight of syrupy glycerin.

The solution is accompanied by considerable rise - of temperature. It

is then diluted with water, neutralised with baryta, filtered from the
insoluble phosphate of baryta, and the concentrated filtrate mixed
with solution of acetate of lead, by which an insoluble phoephoglycerate

of lead is formed. To obtain the acid, this salt is decompose with
sulphuretted hydrogen, and the filtrate evaporated and concentrated in

vacua It is an uncrystallisable liquid, which at its state of greatest

concentration haa the consistence of a thick syrup. In this state it Is

readily decompoaed by an increase of temperature into glyceriu and
free (Aosphoric acid.

The phoephoglycerates are generally soluble in water, but little or

not at all in alcohol. Their solutions decompose by boiling, especially

in the presence of bases, into phosphates and free glycerin.

M. Oobles has foimd that phospnoglyceric acid in combination with
soda and ammonia is contained in the cerebral matter, and in the yolk
of egg.

When glycerin is heated with anhydrous phosphoric acid, acrolein

ii produced. TAcrolein.]
GLYCERYL (C.H,). The radical formcriy assumed to be con-

tained in OLTOEBtH.the formuU of which was then written C,H,0,, HO.
Recent researches prove that the compound group, which in glycerin
oocupiet the same position as ethyl in alcohol, ia the teratomic radical

C,H„ to which therefore the above term would now be more appro-
priately applied.

OLYCOCIN. [Gltcocoll.]
GLYCOCOLL, Glscodn. Swjar of gtlaline, C.NH,0,, is a com-

pound found amongst the products obtained by boiling gelatine with
potaah or acids. It may also be prepared by heating hippuric acid
with hydrochloric acid, when benzoic acid, water, and glycocoU are
produced. It forma transparent cryatals, which are soluble in water
and sweet to the taste. It combines with acids and bases. Its easy
formation from the animal compound gelatine, has led to the sup-
position that it may play an important part in the animal body.
GLYCOL (C,H,0,). This is the type of a new cUss of compounds

discovered by Wurtz in 1 866. In their chemical reUtions and properties
they occupy a place intermediate between the class of alcohols of which
eoimnon alcohol is the type, on the one hand, and the daas of bodies
of whidi glycerin is the type, on the other. The name <J]feol haa
bean given to express this relation, and that of biatomic akohol to
espreas that they have a capacity of saturation double that of common
•leohoL
We may consider alcohol aa being derived from the type of a

double atom of water by the substitution of an equivalent of the
monostomic radical ethyl for an equivalent of hydrogen. [Oroanio
RaoioaL8.]

If now in (ico double atoms of water we replace kn cq. of hydrogen

by a biatomic radical, such as ethylene, C,H„ we shall obtain glycol

Ttu relations of alcohol to glycol may be thus seen.

C.U.

Alcohol. Olreot.

By the action of iodide of ethyl, for example, on acetate of silver we
obtain iodide of silver and acetic ether. Similarly by the action of the

biatomic iodide of ethylene (C,H,I,) on two equivalents of acetate of

sUver we obtain acetate of glycol, the acetic ether of glycol :

—

Acetate of silver. Iodide or

ethylene.

Acetate of flyool. Iodide of

tilret.

It was by means of this re-action that Wurta first obtained the

acetic ether of glycol, and from the ether, by decomposition with

alkalies, glycol itself. The method is suceptible of general application,

and by ite means Wurtz has already obtained four members of the

series : ethyl glycol, propyl glycol, butyl glycol, and amyl glycol.

We shall describe the preparation and properties of the typical

member of the group glycol itself. It will not be necessary to enter

minutely into a consideration of the others, inasmuch as they present

the most perfect homology with glycol, not only in their properties,

but in their chemical relations.

For the preparation of glycul, the best method is that proposed by
Atkinson. It is a modification of Wurtz's method, and oonsiste in the

action of bromide of ethylene on acetate of potash. The producto of

the re-action are bromide of potassium, free acetic acid, and mono-
acetate of glycol, aa is seen by the equation

—

a(C»H»g.|o.)
-I. c.H."Br. =

fc*.H*,0.)
!«• + C.H.O. -1- IKBi

Acetate of potaah. Bromide of

ethylene. Monoacctatc of

glycol.

Acetic Bromide of
acid. potafisium.

About 2 ounces of acetate of potash, dissolved in S or 6 ounces of

alcohol, are placed in a soda-water bottle with 2 ounces of bromide of

ethylene : the bottle is lightly corked, and heated for two days on the

water-bath. The contento are then filtered from the bromide of potas-

sium, which is washed with ether, and the united filtrates and washings
submitted to fractional distillation, those parte being collected which
distil above 356° Fahr. On being again rectified, Uie greater part,

consisting of pure monoocetate of glycol, distils over at 360° Fahr.

To obtain glycol, the raonatcetate of glycol is mixed with an equi-

valent quantity of iwt-wh, which decomposes it with evolution of heat.

The mixture after having been allowed to stand some time, is distilled

in the oil bath. On rectifying the distillate, a product is obtained,

boiling at 887° Fahr., which is pure glycol. The decomposition of

monoacetate of glycol by potash is expressed by the equation :

—

C H " 1

C*H,'o, foj -)- KOHO = ^'S* )o. + C.HjKO,
H )

"• ' « V
'

Glycol.

Aoetateof
potasli.

The following modification of this method has been used by Debus,

and although soraewlut tedious it gives a larger product. Monoacetate

of glycol mixed with ite bulk of water is heated for 12 to 16 hours in

a closed vessel to the temperature of boiling water. By this means it

is decomposed into free acetic acid and glycol. The liquid is rectified,

and the parte collected which distil over above 374° Fahr. This con-

siste principally of glycul, but still contains acetic acid.

An acetic acid determination, by means of baryte, is made in a

sample of this liquid, and then the projwrtionate quantity of {mtash

is added, and the mixture submitted to distillation. The distillate

consiste of pure glycol

Pure glycol is an inodorous, somewhat viscid, liquid, with a slightly

saccharine taste. It has a density of 1-125 at 82° Fahr. It boils at

886° to 887* Fahr. Exposed to the temperature produced by a

mixture of solid carbonic acid and ether, it becomes gummy without

solidifying. Ito vapour density has been found to be 2°164. The
number required by theory is 21 46.

Glycol is perfectly soluble in water and in alcohol, but only slightly

to in ether. In this respect it resembles glycerin. In ite solvent

properties it sUnds between water and alcohol. In ite chemical

re-actions it preaente, as will be seen, the closest analogy with alcohol

Glycol is uualtered in the air ; but mixed with platinum black it

attracta oxygen with such avidity that the platinum becomes incan-

descent. By regulating the conditions of the experiment, however,

so as to produce a slow action, an aqueous solution of glycol is slowly

converted into glycoUc acid.

Potassium attacks glycol with energy; hydrogen is evolved, and the

heat disennged is so intense as to inflame the gas, and blacken the

residue. The action of sodium is less violent—hydrogen gas is dis.
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engaged, and the liquid is converted into a solid white mass consisting

C.H." 1

of monoodium glycol, Na > 0,. £y heating this compound with an
H )

additional equivalent of sodium to a temperature of 374° Fahr. another

equivalent of hydrogen is replaced by sodium—the disodium glycol

(*^*N*' ! ^*) '""'^ formed.

Nitric acid oxidises glycol with great energy, with formation of

glyoxylic, glycolic, and oxalic acids.

\^Tien glycol is fused with hydrate of potash, a large quantity of

hydrogen gas is disengaged, and the residue consists priucip,illy of

oxalate of potash. Alcohol, under similar treatment, yields hydrogen
and acetate of potash

:

Glycol. Oxalate of potash.

The action of pentachloride of phosphorus on glycol is very ener-

getic ; the products formed are hydrochloric acid, oxychloride of phos-

phorus, and chloride of ethylene

''*H* }*' + ^^^» = C.H/'Cl, + 2P0,C1, 4- 2nci

GlycoL Pentachloride Chloride of Oxychloride
of phosphorus. ethylene. of phosphorus.

Chloride of ethylene is the true hydrochloric ether of glycol—it stands
towards it in the same relation as chloride of ethyl to alcohol.

Et}ier» of glycol.—The ether of glycol is not formed by the ordinary
processes of etUerification. When glycol is treated with chloride of
zinc, aldehyde is formed, and Wurtz was at first inclined to regard this

as the ether corresponding to glycol. The true ether is, however,
obtained by the action of notash on monohydrochlorate of glycol :

—

C.H,'
H
CI

+ KOHO c C,H,0, + KCl 4- 2H0

Honochlorhydrate
of glycol.

Glycolic

ether.

Chloride of

potassium.

The action takes place with considerable energy, chloride of potassium
is formed, and a gas disengaged which is condensed by means of
a freezing mixture to a very mobile liquid, boiling at 56° Fahr. Its
vapour density is 1'42. The calculated number is 1'62.

It is isomeric with aldehyde, which it resembles in many respects.
It reduces ammoniacal nitrate of silver—but unlike aldehyde, it forms
no ciystallitie compound with ammonia. By the action of penta-
chloride of phosphorus, glycolic ether yields chloride of ethylene,—

c.H.o, 4- pa, = po.ci, + c.ii.ci,

Glycolic ether. Chloride of

ethylene.

By the same treatment, aldehyde yields chloride of aldehydene.
Two mixed ethers, corresponding to the mixed ethers of Williamson,

have been obtained from glycol. The first, cthylglycol{^¥H
U obtained by the action of iodide of ethyl on monosodiimi glycol :

C.H, 1 C.H/'
)

+ C.HJ = (C.H.) O. + Nal

Iodide of > V ' Iodide of
Monosodiam ethyl. Ethylglycol. sodium,

glycol.

When monoethylglycol is treated with potassium, hydrogen is
liberated and a white solid mass formed, which, when treated with
iodide of ethyl, yields diethylglycol

:

—
C H " 1

cX jo. + ^i^ = J^+ fcfrfi',.}".

Iodide of Iodide of ' .^ 'f"
""

ethyl. potassium. W««>ylglycol.

Diethylglycol is a colourless mobile liquid, with an agreeable ethereal
odour. Its sp. gr. is 07993, and its vapour density, 4095. Theory
requires 4-085. Its boiling point is 254° Fahr. In this respect it
differs from acetal, with which it is isomeric, which boils at 217° Fahr
Compound tthert of glycol.—the compound ethers of the alcohol

enes ore formed by the union of

Alcohol + acid — 2 >t. Water.

at in the formation of acetic ether :

—

0^11^4- CII.O. - 2H0 = [c*,^=^o^)}Os

Alcohol. Acetic acid. "t T^
'

Acetic ether.

In an analogous manner the compound ethen of glycol are derived
ARTS ASD 801. DIV. VOL. TV.

by the union of glycol + 2 at. acid — i at. water, as in the forma-
tion of acetate of glycol :

—

C^HjO. + 2C.H,0. - 4H0 = f
i'!*"

| O^

Glycol. Acetic acid. ^ \ ^,
,

Acetate of glycol.

In saponifying, the compound ethers of alcohol assimilate 2 at. water
whilst the compound ethers of glycol assimilate 4 at. water. The
compound ethers of glycol are in general prepared by the action of the
iodide or bromide of ethylene on the corresponding silver salt.

Acetate of glycol (Ci„Hi„05=,jt
jj q \ \^i)> is formed bythe action

of iodide or bromide of ethylene on acetate of silver in the presence of
free acetic acid. It is a colourless neutral liquid, with a slight acetic
odour. It boik at 367° Fahr. It dissolves in 7 volumes of water
at 71' Fahr.

c.h;'
)

Monoacetate of glycol (C,H50„=C.H30j > OA The preparation and
H

)

properties of this body have been already described. It is also formed
when anhydrous acetic acid acts on glycol, \yhen heated for some
time in a closed vessel with water, it is decomposed into glycol and
free acetic acid.

C H " 1
Butyrate of glycol (C„H„0,=

.^^ j^ ^ . |- OJ is formed bythe action

of bromide of ethylene on butyrate of silver in the presence of free

butyric acid. The product of the action is treated with ether .and the
ethereal solution distilled and rectified. Butyrate of glycol is a colour-
less liquid, with a somewhat butyric odour, boiling at about 464° Fahr.
and distilling without alteration. It is quite insoluble in water, but
completely so in alcohol and ether.

Stearate of glycol (C.^Yl,fi,= '^J^*l ^, ! 0.), obtained by the
., , , ,

V^^js'^si'-'a/i I

action of bromide of ethylene on stearate or silver, consists of brilliant

small laminae, fusible at 169° Fahr., and closely resembling stearin.

Benzoate of glycol (CjjH^O,= 9t^J^ n \
1^») " prepared like the

preceding ethers. It presents the form of colourless, right rhomboidal
prisms, which fuse at 153° Fahr., and distil without alteration at a
point beyond the ordinary range of the thermometer.

Hydrochloric ethert of glycol. The neutral hydrochloric ether
of glycol, and that which stands to glycol in the same relation as
chloride of ethyl to alcohol, is the oil of olefiant g-is, or chloride of
ethylene C,H,Clj. It may be conceived as being derived from glycol
by the replacement of 2 eq. of peroxide of hydrogen by 2 eq. chlorine.

From the constitution of glycol, it is evident 5iat there may be an
ether intermediate between chloride of ethylene and glycol,—in
fact glycol in which one eq. of peroxide of hydrogen is replaced by
chlorine. The relation of these bodies may be seen from the scheme :

—

C.H.
H
H

Glycol. Monocblorhydrate
of glycol.

The body in question has been termed the chlorhydrin of glycol.

It is formed by the action of hydrochloric acid on glycol, and is a
colourless liquid, boiling at 262° Fahr. By the action of potiish it

gives oxide of ethylene.

ClUoracctine of glycol (C,H,C10,). This body is formed by the con-
current action of hydrochlorio acid and acetic acid on glycol. It is a
colourless liquid, heavier than water, and boiling at 293° Fahr.,
without decomposition. It is intermediate between chloride of ethy-
lene and acetate of glycol. Its formation may be thus expressed :

—

'•^:'>. + '*r'}o. + Hc.
C,H."
(C.H,0,) O, 4- 4H0

Cl

Glycol. Acetic acid.
Chloracetin^f glycol.

It is also formed by the action of hydrochloric acid on monoacetate o
glycol.

It is decomposed by potash, with formation of acetate and chloride

of potassium.

Chlorbutyrin of glycol and chlorbenzoin of glycol are compounds
quite analogous to this, and are prepared by similar methods.

Batyroaeetate of glycol. This is glycol in which one atom of hydro-
gen is replaced by the radical acetyl, and another by butyryl. It is a
substance with a bitter pungent taste, heavier than water, and boiling

at 410° Fahr. It is formed by the action of chloracetin of glycol on
butyrate of silver.

C.Hj"
c.H.o,

a
o,

+

AgjO. = C.H.OJO. 4-AgCI

Bntyratc of

silrcr.
Butyroacctate

of glycol.

Chloritle

of silver.Chlorucctin

of glycol.

It is evident that many luch analogous compounds may be formed.
£ £
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B]r tlw aotioa of bjrdHodic acid on glycol, ioAde of alliylaoa ii

(onnod

:

I

Olytol. Bydrlodic

Mid.
loilide of

ettayleiM.

By mollifying Ui« setion of hydriodio octd, an iodJiydMn of glycol

"
. cormponding to the cMorhydrin, appeikn to be fbrmod.Ct>-)

Then is alao an iodaoetin of glycol analogous both in preparation and
propertli's lo the oJiloracetin of glycoL

.'/. Sulpliurio acid by its action on glycol forms a

c : \!) to miphovinic acid, which has however hitherto

only bull tx:\niiiRHl in the barjta salt Equivalent quantities of
kItoiI and eulpbiiric aoid arc mixed together, heated for some time,

dilut<<d, nriitrali^O'l with carbonate of baryta, and evaporated.

Siilplii (jlycilat* of barj-ta is a somewhat deliqueacent salt. Sulphuric

acid prcci[>itiites sulphate of baryta from its aqueous solution, but
baryta n'ater produces no precipitate—at least not in the dofd. The
formation of sulphoglyoolic acid may be thus expressed.

Oiyeolt

+ SRD

SnIphoglyooUo
add.

.0.)
,oJo..
Ba

baryta, hydrogen k

Sulphoglyoolic

When the acid is neutralised by carbonate of

C.H.O.
replaced by barium, and we have the salt, S.

"Ba

aeid is monobasio.
(iijftKnd and gtf/oxi/lie acid.—These are two bodies, the former an

aldehyde, and tlic l.itter an acid, discovered by Debus, among the pro-

ducts of the oxidation of alcohol by nitric acid. As they belong to

the' glycol series a brief description of them is here necessary, while fur

fuller details the reader is referred to Debus* original papers (' Phil.

Mag.,' vol. xii. p. 361).

Ulgoxai (C,H,0,), when pure, is a solid, amorphous, pale-yellowish

mass, which deliquesces in the air, and is very soluble in alcohol and
ether. It has all the properties of an .ildehyde, it reduces silver salts,

and forms erystalline compounds with alkaline bisulphites, from which
glyoxal is obtained by treatment with dilute acids. The action of

ammonia on glyoxal yields two well-defined crystadlised bodies, p^yeo-

thu and glyiuraHiie.

OlfeottTu (C„H,N,) forms a light white, inodorous, and tasteless

white powder, which can be sublimed withoiit change. Its hydro-

chlorate forms crystals, frequently an inch long. Its platinum ailt h.is

tlic formula, C,.H„N„ 2HC1, 2PtCl,. The foruiation of glycosine from
glyoxal and ammonia is analogous to that of aniarine from oil of bitter

almonds and.ammonia, and may be expressed by the equation :

—

l(C«H,Ot) + 4irH, = C,,H,N, + WHO

Olyoxil, Glyoostne.

GlpixaUltu (C„H,K,) crystallises with difficulty; its acid oxalate

forms colourless prisms, and its platinum salt, C,H,N^ HCl, PtCl,,

crystallises in splendid orange-red prisms.

Its formation may be represented by the equation ;

—

»(C.H,o,) + iNH, = c.n.x, + c,n,o, + mo

O.H.O,

Olyozylie a«U.

C.JI.O.

OnUaasU.

C,,H,0,

Oil of bitter almoDds.

c,,n,o.

Qlyoxylic acid when deoomposed by alkalies, splits up into a glyoolat*

and an oudate ; it also readily absorbs oxygen, and passe* into oxalio

acid. These deoompositlons are the exact aaalogaes of tbose wUeh
oil of bitter almonds experiences under the same oonditioilB.

lliese properties and re-actions of glycol prove its complete resem-

blanoe to alcohol ; and it may be expected that to every monobaalo

alcohol, a biatomio alcohol or glycol will be found to correspond.

Besides glycol, three have been already discovered, propylic giyeol,

butylic glycol, and amylio glycol, oonaqponding respectively to a mono-

atomic alcohol :

—

C^,0, C.H.O,

Glyoxal. Olyoxaline. Formic acid.

Glif'Ti/Ui- arid, C,H,0„ api^ears on the evaporation of Its aqueous
solution in vacuo, in the form of a tough, transparent, pale-yellowish

nmip, which neither crystallises nor solidifies. Its aqueous solution

decom(>oses car1x>iiat«s, and saturates strong bases. It is vobtile with-

out deconiiKMition.* Olyoxylic acid is a monobasic acid. Its salts have
the gcneril fonnula, ('.H^MO,. They mostly orystallise wellr

(ilfioTal is tlie aldehyde of glycol ; it is intermediate between glycol

and oxalic acid, and oecura among the products of the direct oxid.itiim

of glycol. Its analogy to common aldehyde is well Hcen in the mode
of Its formation :

—

c.n.o, + JO =* c.n.o, + jho

Aloohot Aldehyde.

C.n.O, ^- 40 = C.H.O, + 4110

Glycol. Glyoxal.

Olyoxylic add is an tntermodinte compound between glycolio and

oxalic acids, just as oil nf liittcr nlmotids is intAmediate between

benzylio alcohol and benKoio acid :

—

OtycoUe aeU,

c,,n,o,

bcnsylio aleohet.

Fropylio alcohol.

C,H,,0,

Bntylio aloobol.

Cii|H,,0,

Amylic aloohol.

PioIitUc glycol.

C,H,,0,

Bntylio glycol.

c,,n,,o,

Amylio glycol.

They are derived respectively from propylene, C,^; butylene,

C,H, ; and amylene, C,„H,o ; the honjologues of defiant gas. These

latter sulMitances, which are tnie biatomio radicals, by treatment with

bromine form biatomic bromides, CjH„"Br,, C,H,"Brj, md C,„H,o"Br„

and these bromides, by acting on 2 eq. acetate of silver, yield the acetate

of the corresponding glycol, ftrom which, by treatment with potash, the

glycol is obtained.

The homologous series of alcohols exhibit a certain ngularity in

their boiling points. For every increase of C,H, there is an increase

of 34° Fahr. in the boiling point. The glycols exhibit a similar but

inverse relation. The boiling points have hitherto been determined

in most oases in too small quantities of substance to bo considered as

quite accurate, neverthelees a certain regularity has bee« observed.

The higher a glycol stands in the series, the lower are its boiling point

and density. Thus:—
Density. BoiUng Folat.

GlTOOl

Propylio glycol

Butylic glycol .

Amylio glycol

. C.H.O.
. C.H.O.
. c,u,.o,
. c,,u,,o,

1-124

1-051

1048
0-987

387° Fahr.
872' „
ser „
ajo° II

To each member of the series of homologous monoatomic alcohols,

there is a corresponding acid, a member of the fatty acid series
; and

similarly there is a homologous series of acids parallel with the glycols,

and whieh are derived fromihem by direct oxidation :

—

C.H.O. + 40 = C.H.O, + 2H0

Glycol. Glycolio acid.

C.H.O, + 40 = C.H.O. + 2H0

Propylio glycol. Lactic add.

CiHijO, + 40 = C.H.O. + 2H0

Butyllo glycol. Butylactic acid.

The aeid corresponding to amyHc elycol ha« not been discovered.

On the other hand, leucio acid (C„H,jO,), which has long been re-

cognised as a homologue of lactic acid, probably corresponds to a

glycol hitherto undiscovered, oiprylic glycol, C„H„0,.
The acetate of mathylic glycol has been prepared from iodide of

methylene, C,H,"I,. It has the formiiU
||^"f"o,)« } ^*- ^* '^ °°*

been possible to obtain from it methylic glycol, as by treatment with

bases it is completely daoomposed.

A series of bodies has been obt«inod by Wicke, whioh »r« considered

to be derivatives of a glycol of the bentoio sold series. By the aetion

of ohlorobwKole (Oi.H.'Cl,) on "crtato of silver, a suhstanos is

obUlned which has the formnU
^(5*h*o,)' } ^>- '"'*' "^"^^ ^ *'"

formula of the aceteU of a glycol, C,.fa,b., corresiwndiiig to btniziiylic

alcohol (C„H,0,). But Wicke has not been ablo to prci«»rc the

glycol itself, from the tendency the compound has of producing

lienzoio aldehyde when decomposed by bases. The IkkIv exhibito m
several instances relictions, deviating from those of the ordinary

glycols, and until tlie subject has boon further examined, it cannot be

considered as the derivative of a true glycol. A similar comi>ound

hat bMO Obtained from the mtMol MrieA
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The further study of the glycols ami their derivatives may be

expected to thiow light on many bodies whose relations are at

present obscure or unknown. Probably meconin and saligeuin will

be found to be biatomic alcoholB. Berthelot has obtained a com-

bination of stearic acid with meconin, which has the formula ;

—

(C,.H,OJ" 1„
(C3.H,,o,)« r*
appears to be the glycol corresponding to.H.O.And saligenin, C

Balicylio acid, '*„" y 0,. I

GLYCOLIC ACID (C.H.O,). This acid is the lowest member of

the series of acids to which lactic and Itucic acids belong, and recent

researches have established a close relation between it and glycol

It is formed by a variety of processes. It was first obtained by the

action of nitrous acid on glycocoll. An aqueous solution of glycocull

is saturated with nitrous acid, and the solution extracted with ether

;

OS the evaporation of the ethereal solution, tlie acid is left in the form
of a thick syrup. The action is analogous to that by which alauin,

tjie homologue of glycocoll, is converted into lactic acid :

—

C.HjNO,

GlfcocoU.

+ NO, C.H.O, -y 2N HO

Nitrous

acid.

Glycolic add also occurs among the products of the oxidation of alcohol

by nitric acid. It is also formed by the oxidation of glycol.

Another mode of its formation also shows its relation to lactic acid.

When tartraric acid (C„H,Oio), an acid produced by the spontaneous

decomposition of nitrotartaric acid, is heated, it decom^waes into water,

carbonic acid, and i/lycoUide

;

—
CoH.Ojo = C.HjO, + iHO + JCO,

Tartrmrio acid. OiyooUide.

Olycollide stands to glycolic acid in the same relation as lactide to

lactic acid : it is the anhydride of glycolic acid. When it is digested

for some time in the warm with water, it assimilates 2 et^. of water,

and becomes converted into glycolic acid.

Perhaps the best method of preparing glyooUo acid is by the spon-

taneous decompogitioD of chloracetic acid. When an aqueous solution

of cbloracetate of potash is heated in a closed vessel to between 250°

and 280° Fahr., chloride of potassium u formed, and the solution

oontaifls glycolic acid :

—

glycoUic acid as lactide does to lactic acid, and is formed by the action

of heat upon tartronic acid ;

—

Tartronic acid. Glycollide.

G.H.O. KClC,9aClK0, + 2H0

Cbloracetate

Glycolic acid, in its state of greatest concentration, has the form of a

thick syrup, which, dried in vacuo over sulphuric acid, forms long

well-defined crystals. It is miscible with water, alcohol, and ether, in

all proportions. Its aqueous solution decomposes carbonates. The
zinc salt has the formula C,U,ZnO,-t-2 aq., and greatly resembles the

corre^wnding lactate of zmc. When glycuUc acid is mixed with

acetate of lead, and excess .of ammonia added, a white precipitate is

formed. By this deportmeut it is di.'ttinguished from kctic acid, which,

under ihe same circumstances, remains clear. OlycUate of limt

(C,U,CaO^ crystallises from a hot aqueous solution in stellate groups

of very line asbestos-like needles. It is quite insoluble in alcohol, even

when dilute, and is hence easily separated from lactate of lime, which
is soluble.

Glycolic acid stands in the same relation to glycol as acetic acid to

alcohol. Both acids are derived from their corresponding alcohols by

direct oxidation :

—

C.H.O, -f O, = CjH.O, -I- JHO

2H0

When the oxidation of glycol is more energetic, oxalic acid is formed.
The84 two acids represent, in a certain aeuse, the degrees of oxidation of

glycol. Thus

—

•^'='"',0, C.H,0,"1 C.0,"1

AlcoLoU Acetic acid.

C.H.O. + 0. = C.H.O. +

Glycol. Gljrcolic acid.

Glycol. Glycolic add. OzaUo acid.

In accordance with this view, glycolic acid must be bibasic. Hitherto
only monobasic salts have been formed. Its homologue, however,
lactic acid (which is a derivative of propylglycol, the homologue of

glycol), is bibasic, and it is to be expected that further researches will

establish the bibasicity of glycolic acid, [Qlicoi,.]

GLYCOLLAMIDE. [Oltcollide.]
OLYCOLLIDE (C.H,0.). This body stands in the same relation to

It is a white tasteless powder, insoluble in cold water, and very slightly

60 in hot. Treated with ammonia, it is transformed into t/lj/coUamide

:

—
C*HsOi + KHj = C.H.NO.

GlycoUide. GlycoUamide.

Glycollamide forms fine oolourless crystals, very soluble in water,
sijaringly soluble in alcohol, and possessing a slightly sweet taste. It

is isomeric with sugar of gelatin.

GLYCOCHOLALIC ACID. TCholic Acid.]

GLYCOCHOLIC ACID. [Cholic Acid.]

GLYCOSINE. [Glycol, Glj/cosine.]

GLYCYL (CjHjOj). A hypothetical radical, snpposed to be contained
CHOI IT ")

in Gltcebin, whose formula then becomes ">

'ii- f-Oj + S|-0.,.

GLYCYRHIZA GLABRA, and G. ediinata, Uquorice, of which the
root, or rather the rhizonia, and a watery extract are officinal. These
are natives of Germany and south of Europe, but cultivated exten-

sively in some parts of Britain ; the extract is however chiefly prepared
in Si)ain, Italy, and Sicily, and imported under the name of Spanish
juice or Uquorice : the finest is called Solazzi. The rhizoma is generally

allowed to attain the age of three years, and is then t<iken up. It is

often several feet in length, and about half .in inch thick. The odour
is faint, the taste sweet but mawkish ; and if the bark be chewed, it is

at last rather acrid, which is owing to the presence of a soft resin, or

oleo-resin.

Robiquet found it to contain a peculiar sugar, which is uncrystal-

lisable and unfermentable, -called ylycion, or yli/cj/rhizin, and other
matters.

Infused in warm, or m.icerated in cold water, it affords a mucilaginous
fluid, which is bland and demulcent. The powder is much used to

involve recently made pills, in order to prevent them from adliering to

each other. Before using it for an infusion, or to powder it, the bark
should be removed, by wliich the bitterness is .ivoided.

The extract is formed into rolls from 6 to 8 inches long, which are

dried, and surrounded with bay leaves, to prevent them from adhering,

as in warm weather they have a tendency to melt, notwithstanding the

addition to them of starch or peas-meal : 100 lbs. of the dried root

yield 30 lbs. of extract.

Good liquorice juice is black, dry, easily broken (in cold weather),

with a shining fracture. It should dissolve easily and entirely in the

mouth when pure ; but crude Uquorice, besides starch or meal, has

generally more or less copper, rarely brass, derived from the pans in

which it has been boiled ; it is therefore subjected to a process of

purification, and is then termed rejined liquorice. This is done by
melting it in water, draining off the solution, so as to leave the sand
and other impurities behind, and inspissating it ; then formuig it into

more slender cylinders, which are generally soft and moist, even when
sugar has been added to them : a better addition is a small quimtity of

gum arable. In Yorkshire an extract is prepared which is sold under
the name of Pontcfravt cakis.

Both the crude Spanisli and refined liquorice are used as demulcents,

to allay tickling cough in slight cases of catarrh : often formed into

lozenges, plain or medicated. The Trochiaci ijlyryrrkiziv citni opio

avowedly contain opium, but too many of the nosti-ums sold as cough
lozenges contain morphia to a considerable extent, and are therefore

dangerous when too freely used.

GLYCYRRUIZIN (C,„H,jO„, or C,„H„0„). An unfermentesciblo

saccharine matter contained in liquorice root. It is a brown trans-

lucent amorphous substance, only slightly soluble in cold water, ^nd
possessing a nauseous, saccharine, but slightly bitter, taste. Its hot

solutions gelatinise on cooling.

OLYOXALINE. [Glycol, Qlyoxaline.]

GLYOXYLIC ACID. [Glycol, GlyMijUc aciil]

GLYPTOGRAPHY. [ELECTRo-siETALLunGf.]

GNOMIC POETS OF GREECE. Under tliii title are included

those moral and philosophical ])oet8 whose remains consist chiefly of

short sententious precepts or reflections. Such aie the Gnomao of

Theognis, which, though numbered consecutively as s, connected poem
to 1200 hues, form in fact a collection of unconnected members, varying

from two to thirty lines in length. Such also were the sentences

inscribed by Hipparchus on the Hermio ui the streets of Athens.

These metrical precepts were valuable before writing bec;ime common

;

being, like proverbs, serviceable and eiisily-remembered rules of conduct.

This notion of a pithy saying, or apophthegm, is one of the meanings

of •yvuiti.li (gnome), whence comes the adjective yvutuKis (guoniikos),

relating to gnome. Winterton's ' I'oetiu Minores Grscui' (Cambridge,

1077, and later editions) contains a collection of the Gnomic poets.

They liave alio been etlited by Brunck (' Gnomici l'i;etie tlrieci,'

Argent., 178-1, 4to.). The principal authors coufciiued in this edition

are Theognis, Tyrtajus, Solon, Simonides, with many others, some to

the extent onlv of a few lines. Tyrtffius and Simonides, however,

though the authors of Gnomw, hardly come vmdor the definition abovo
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^rco, or under »aj other definition which mantnMy duiactariae*

Theogni* and otbenk Brunck'* edition containa alao a ooUaotion of

OooouB from the oomio writora.

Th« Onomio writan are aometimea all olaaaed under the general

name of Elesiao poeta. [Eleot.]
ONOXON (the Greek Tt^ovr), or atyle of a dial, U the plate which

projoota from the aurface of the dial-plate, the ed^ of ita ahade deter-

mining the boor-line. The platea now in use being flat, the gnomon
ia in the plane of the meridian, and ita sloping edge forms an angle

with the horizon equal to the latitude of the place, and ii consequently

parallel to the axk of the earth. Mo sensible error is made by con-

founding the edge of the gnomon with the earth's axis ; but in lunar

diala a acoaible error would arise, except in plaoea of which the latitude

is nearly 90*
: this error, in either case, depends upcm the parallax of

the luminous body, and the position of the dial-plate. The ancients,

who uaed hemispherical dial-plates, placed the radius which threw the

shade in the direction of the north pole«tar, and therefore the hour-

lines were circular am, at regular mterrals of 16°. Herodotus says

(iL 109) that the Greeks borrowed the gnomon and the sphere (va^oi)

from the Babylonians.

The science of gnomonics, upon which many formal treatises have
been written, has declined as the theory of astaxinomy has advanced
towards oorrectneas. In the succeeding article one method of construc-

tion of a dial will be briefly explained. It is not worth while to

enter upon the details of constructions which are now of no use.

A sun-dial may be sufBciently well adjusted to give the time within

a few minutes, provided the observer has an almanao, or some other

work in which the equation of time is contained, by which the

indications of the sun are made to agree with those of the clock.

[Sux; SUX-DIAL.]
GNOMONIC PROJECTION. The gnomonio projection of any

portion of a sphere is that which is constructed on the supposition

that the eye is in the centre of the sphere The consequence is, that

any great circle whatsoever of the sphere is projected into a straight

line ; which property can belong to no otfier projection.

The most convenient method of projecting the whole sphere
gnomonically is to imagine a cube inscribed about it, on each face of

which one-sixth part of the sphere is projected, by lines drawn through
the centre. The mi^is t>i the earth and of the stars published by the
Society for the Diihision of Useful Knowledge are drawn in this

manner, a full accotmt of which may be found in the ' Explanation of

the Maps of the Stars' (Baldwin, 1836). The result is six ma|>s,

which embrace the whole sphere ; the shortest distance from any one
point to another on the sphere being projected into the shortest

distance between their corresponding points on the map, when they
Ue on the same map.
The gnomonic projection derives its name from the connection

between the methoids of describing it and those for the constrtiction of

a gnomon or dial. The direction in which the shadow of a line

parallel to the axis of the earth will be thrown is the intersection of

the hour circle for the time being with the surface of the dial (whether
plane or not). Imagine a sphere, and the surface of the dial drawn
through its centre. Upon this sphere describe the heavens, and
project the whole upon a circumscribed cube. Nothing is more easy

than to draw the hour circle upon such a projection, and if the inter-

section of the surface of the dial with the cube be traced out upon the
cube, the points at which the projections of the hour circles meet the
intersection of the cube and the dial are those towards which the
shadow of the axis will point at the hour in question. When a dial is

to be constructed geometrically, this is the most simple plan : but
calculation, as in other instances, is superior to construction for

purposes of accuracy.

GNOSTICS, derived from the Greek word gnotlt (yyiais), "know-
ledge," was employed by the fathers of the first two centuries as a
generic term to designate all individuals who professed to interpret
the Scriptures by the aid of philosophy. It is supposed from various
paaages in the New Testamtat (Col. ii. 8 ; 1 Tim. i. 4 ; vi. 20 ; 2 Tim.
ii. 16, 17; Titus, iii. 9 ; 1 John, ii. 18) that the doctrines of the
Gnostics were taught in the times of the Apostles ; and the Nicolaitans,
who are condemned bj St. John (Rev. ii. 6, 15), are looked upon by the
fathers as forming a sect of the Gnostics. Many of the fathers con-
sidered Simon Hogus, Dositheus, and llenander to bo the first

individuals who propagated Gnostic opinions ; hut they are more
correctly classed by others among the opponents rather than the
oorruptors of Christianity. The principal teachers of Gnosticism were
Batuminus, Basilides, Cerinthus, Carpocrates, and Prodicus, of whom
the most celebrated were Cerinthus and Carpocrates; and some of
their tenets were held on the authority of passages in the apocryphal
gospels of the New Testament. Irensus ('Adv. Hicres.' iii. 11) states

that .St John wrote his gospel in order to refute the cmmi ni C-.-rluthus
;

but many critics reject this testimony of Irenieas, and maintain that
Cointhua lived in the second century. The Ebionites also [EBiosrras]
•re supposed to have been Onostica.

The origin of the Gnostic system has been tnuied to various sources.
Some have derived their doctrines from the Alexandrian school of
philosophy ; otben from the Jewish Cabbala [CabbaLa] ; and a still

greater number from the Oriental belief in two great independent
priuciplsa, one the author of good, and the other of evil. Many parts

of the Gnostic system may be alleged in favour of each of these sup-

positions ; but it seems to be forgotten that Gnosticism is merely s

generic term, and that it included many sects that diflSsred consider-

ably bom each other : we should therefore regard it rather as derived

from all these ancient systems than formed frmn any one in particular.

For the reasons that have already been mentioned, it is difficult to ^ye
an aoootmt of their opinions that «ill apply equally to all the sects mto
which the Qnostios were divided ; but the following abstract oontains

the doctrines which were regarded by the fathers as characteristic of

Gnosticism.

One of the chief sections considered it beneath the might of the

Supreme Deity to labour, and therefore maintained that Ciud could

not have created the world. They believed that God dwelt in a

pUriima {ir\rip»na.) of inaccessible light, and that he was unknown to

the world before the coming of Chnst ; that he created two other

beings, called ^ont, or emanations ; that from these other JBxna were
descended, at the head of whom was one named Dmiurgat, who created

the world ; that this Demiurgus was the God of the Old Testament

;

that Christ, who was one of the .£ons, was sent into the world to

restore men to the gnotU (knowledge) of the true God ; that the ..Eon

Christ descended into the man Jesus at his baptism, and left him when
he was led to crucifixion, so that the man Jesus alone sufllsred. This

was in eSTect the belief of the Gnostics of the Jewish Alexandrian

school. Another branch, probably of previous oriental converts opposed
to Judaism, maintained that the Demiurgus was entirely antagonistic

to the Supreme Deity, and that this was shown in the Old Testament

;

that all matter was mtrinsically evil ; that the incarnation of Christ

was undertaken to relieve mankind from this position ; and that on
individual at his death was raised to inhabit the divine pleroma, into

which corruptible and sinful matter could not enter.

Their doctrines are said to have produced very opposite effects uix>n

their moral conduct ; some, looking upon the body as sinful, mor-
tified it by severe penances ; while others, with the same opinion, led

immoral Uves, maintaining that the soul could not be aflected by the

acts of the body.
(Neander, KircliengachicMe ; Mosheim, Ecdetiattieal I/utory ;

Lardner's Jlislonj of Heretica ; Mohler, Vertuck mber den Unprung der

Onottikar, 1831 ; Baur, Z>t< Chrittlichen Gnoiit in getchidulkhe Sntwick-

dang, 1835.)

GOITRE. [Bbonchocele.]
GOLD (Au) is a metil which has been known from the remotest

antiquity, and has been universally employed as a medium of exchange.
Although the quantity of gold which is found, when compared with
that of other metals, is small, yet it occurs in greater or less abundance
in almost every part of the globe. It occurs in the native state, and
alloyed with silver, also occasionally combined with tellurium, and
frequently mixed with metallic sulphureta and arseniurets. It is

indeed stated by Gahn that but little sulphuret of iron is met with

which does not contain some gold. A large quantity of gold is

obtained from South America ; the richest mines of Eiut>pe are those

in Hungary ; it has been found also in the sand of the Rhfine, the

Rhine, and the Danube ; small quantities are occasionally found in the

stream tin-works of Cornwall ; and in Wicklow in Ireland, and the

lead-hills of Scotland, no inconsiderable portions have been from time
to time collected. But by far the largest supplies of this metal ore

now derived from Australia and California. Gold is also met with in

tolerably large quantity in the Uralian mountains of Siberia.

Native gold occurs crystallised, capillary, and massive ; the primary
form is a cube. It gives no cleavage ; fracture hackly ; hardness 2'5

to 3-0; colour yellow, of various shades; streak shining, opaque;
specific gravity 17 to 19.

Gold not unfrequently occurs alloyed with silver, and this compound,
where the quantity of silver is considerable, is known by the name of
dfctrum. Electnim analysed by Klaprotb was found to consist of 64
of gold and 36 of silver, which are almost exactly in the proportions of

one equivalent of each metal. Boussingnult, who has since examined
electrum from various ports of Columbia, found it to consist of very
difierentproportionsof the metals, but they were all definite compounds.
Gold is separated from the various substances with whioli it ix inixc<l

by the process of amalgamation ; this consists in combining it with
mercury, and heating the amalgam formed, so as to distil the mercury,
which is thus repeatedly used for the same purpose.

Gold is of a fine yellow colour, and is susceptible of a high degree of

polish. It is nearly as soft as lead ; its specific gravity is 19'3 ; it is so

exceedingly malleable that one grain m.iy bo extended over fifty-six

square inches of surface, and gold leaf is only about
njjjjf

, of an inch

in thickness ; some authors say ugijg) of an inch. Gold is also exceed-

ingly ductile ; a single grain may be drawn out into SOO feet of wire

:

in point of tenacity it ir inferior to iron, copper, platinum, and silver

;

a wire 0'787 of a Une in diameter is capable of supporting about 150
pounds. Gold suSers no change by exposure to air or moisture, even
when heated. It melts at about 2016' Fahr., aooording to Daniell's

pyrometer; when in fusiun it appears of a brilliant green colour. It

is scarcely at all volatile, and may be long kept in fusion in a furnace

without losing weight ; but when it is melted by the heat of a lens a

plate of silver held over it at some inches distance becomes gilt by its

\-apour. It contracts more than any other metal on cooling, and crys-

tallises in octohedrons.
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We shall now describe the more important compounds of gold.

Oxygen and gold unite, but not by direct action ; it has indeed been
stated that gold may be ojddised by the electric spark in atmospheric

air, but this is denied by Berzeliiis.

Oxide, or Protoxide, of Odd (AuO) fa prepared by adding a solution

of potash to one of protochloride of gold ; a green powder is separated,

which is the protoxide in question ; it must be washed and dried at a

temiwrature not exceeding 100° Fahr. ; if the heat exceed this it is

converted into metallic gold and peroxide ; indeed, this change ia-stated

by some authors to occur at almost any temperature ; it is, at any rate,

an extremely unstable compound.
Peroxide, or Teroxide, of Gold (AuOj) ia best obtained, according to

Pelletier, by decomposing solution of perchloride of gold by digesting

it with a slight excess of magnesia ; the peroxide of gold precipitates

in combination with the magnesia ; after being washed the precipitate

is treated with dilute nitric acid, which dissolves the magnesia and a

little of the peroxide of gold, but leaves the greater part unacted upon

;

it is a hydrate, of a bright reddish-yellow colour ; but when concen-

trated nitric acid is used instead of dilute, the oxide is anhydrous, and
nearly black. This oxide is decomposed by exposure to daylight, its

oxygen being expelled. This oxide is with difflciUty soluble in any
acid ; thus, although sulphuric acid dissolves a small portion, it is pre-

cipitated by water. It appears Indeed to possess rather the powers of

an acid than a base, and has been called auric acid, and it combines
with potash, soda, and baryta, to form salts, which have been termed
auratet.

Neither nitrogen nor hydrogen combines with gold.

Chlorine and (iold unite to form two compounds. The perchloride
is most readily obtained; it may be formed by treating gold with
nascent chlorine, derived from the mutual decomposition of nitric and
hydrochloric acids, called aqua rerjia.

Perchloride, or Terchloride, of Gold (AuClj) gives a yellow-oolour«l
solution, which becomes nearly red by evaporation, owing to concen-
tration and the expulsion of any excess of acid. Its taste is acrid and
bitter ; with excess of acid this salt crystallises in long needle-form
crystals of a bright yellow colour, which are unalterable in a dry
atmosphere, but deliquesce in a moist one ; on the contrary, when a

neutral solution is evaporated until chlorine commences to be evolved,

a deep ruby-coloured crystalline mass of perchloride of gold is obtained.

Gold is precipitated in the metallic state from the perchloride even by
the action of light ; hydrogen, charcoal, phos{>honis, and many metals,

produce a similar effect ; so also do the protosulphate of iron, Ac. The
skin is stained of a purple colour by this solution.

Protochloride of Oold (AuCl) is obtained by heating the perchloride
to a temperature of about 350° Fahr. in a porcelain vessd. If it be
too strongly heated, gold is deposited ; it is better therefore to heat it

rather less, and to treat the residue with water, which dissolves the
perchloride and leaves the protochloride, which is a colourless saline

mass, unalterable in the air, but in contact with water gradually changes
into metallic gold and perchloride : boiling water decomposes it in-

stantly.

Terbromide of Gold (AuBr,) is procured by dissolving the metal in a
mixture of hydrobromic and nitric acids. The solution yields by
evaporation a deep red-coloured saline mass ; sometimes it yiekla crystals.

This salt has so intense a colour that one part of it tinges 5000 parts of
water.

Sulphuret of Gold (AuS,) is prepared by passing hydrosulphurio acid
gas into a solution of perchloride of gold ; it is a black powder, which,
when heated, readily separates into sulphur and gold. This sulphuret
is soluble in the alkalies potash and soda, and prepared in a djjS°erent

mode it is employed in gilding (wrcelain vessels.

Photphuret of Gold may be obtained either by directly heating gold-
leaf and phosphorus in a tube depiived of air, or by passing phosphu^
retted hydrogen gas into a solution of chloride of gold. As obtained

by the first process it is a gray substance of a metallic lustre ; when
obtained by the second it is a brownish powder. When heated in the
air it is decomposed. Its composition has not been determined.

Tiriodide of Gold (Aul,). Iodine and gold do not act upon each
other even when heated together ; but when a solution of iodide of
potassium is mixed with one of perchloride of gold, yellowish brown
io<lide of gold is precipitated, which is insoluble in cold water, dissolvetl
by the alkaline solutions, and decomposed by heat.

Having described the princijal binary compounds which result from
the union of gold with non-metallic elements, we shall mention the
more important compounds which it forms with the metals.
A Unyt of Gold.—Most metals are susceptible of combining with gold

;

but it is to be observed that nothing is known of the compounds wliich
it forms with the metals of the aUu^es and earths, as potassium,
eqlcium, ka.

Anenic and GM.—This alloy is obtained by heating gold-leaf and
arsenic

; with the applicition of a gentle heat the vaporised arsenic
combines with the gold ; it is a very brittle, gray, metallic compound

,

it is readily decomposed by calcination, and the whole of the arsenic is

expelled; ^ of arsenic li sufficient to destroy the malleability of gold
without altering its appearance ; jj, renders it gray and brittle.

Tellurium emd Oold, but mixed also with a considerable portion of
lead, occur in combination, constituting three varieties known as
graphic tellurium, ydltna tellurium, and black tellurium.

A ntimony and Gold.—According to Hatcbett, gold loses its ductility

by combining with ^}^ of its weight of antimony. It is prepared

by fusing the metals together ; it is of a pale colour and fine grained

;

when long calcined in an open crucible the antimony is entirely

expelled.

Matxjanese and Gold.—This alloy is of a pale colour ; breaks readily

under the hammer, and exhibits a spongy coarse-grained fracture.

Zinc and Gold yield an alloy of a pale greenish colour like brass, and
totally devoid of ductility.

Tin and Gold.—Colour very pale whitish-yellow; bends readily when
the bar is not more than one-eighth of an iuch thick ; but when passed

between rollers breaks longitudinally into several pieces. The grain of

the fracture is fine, inclining to an earthy appearance, and is of a pale

yellowish-gray colour.

Iron and Gold form ap alloy of a pale yellowish-gray colour ; it is

very ductile, and may be rolled from the thiokness of three-quarters of

an inch to that of a guinea.

Nickel and Gold.—This alloy is of a fine brass colour ; it immediately

breaks under the hammer, with a coarse-grained earthy fmcture.

Cobalt and Gold.—A pale yellow alloy mixed with gray ; it is brittle,

and has a fine-grained earthy fracture.

Copper and Gold combine in all proportions, without altering the

colour of the gold; the density is diminished, but the hardness is

incre.ised. The alloy employed for ordinary jewellery contains 23'6

per cent, of copper ; this tariushes by use, owing to the oxidLsement of

the copper ; the original colour is restored by treating with ammonia.
Copper is used to alloy the gold of coin, in order that it may be ren-

dered sufficiently hard to stand the wear to which it is exposed ; the

amount of copper is 1 in 12. Its specific gravity is 17"157. Of this

alloy, 20 troy pounds are coined into 934 sovereigns and one half-

sovereign.

Bimiuth and GM form a very brittle alloy. It is sufficient to alloy

gold with Yife of bismuth to render it brittle. A compound of 8

bismuth and 92 gold is of a pale yellow colour and brittle.

Silver and Gold combine well ; the resulting alloys are very ductile.

A small quantity of silver renders gold pale ; H parts to 100 are suffi-

cient for this effect. This compound was used by the ancients, and
called by them eUctrum ; we have already mentioned the existence of

several native alloys of these metals, and that they are always combined
in definite proportions.

Lead and fi«/d.—This alloy is very brittle, even when the lead forms

only jji^ of the alloy ; even the fumes of lead destroy the ductility of

gold.

Mercury and Gold combine with great facility, and yield a white

alloy, usually called an amul'iam, much used in gilding. [GiLDiNo.]

On account of the readiness with which these metals unite, mercury is

used, as already noticed, for separating gold in the process called '

amalganution.
Platinum and Gold combine in all proportions; these alloys are

fusible. Platinum readily destroys the colour of the gold ; the presence

of only 0'02 of platinum is recognised by the extraction of colour.

Sallt of Gold, in which the oxide is a base, are obtained with great

diCBculty ; indeed, when the peroxide is dissolved in nitric, acetic, or

sulphuric acid, they require to be concentrated, the . oxide does not

saturate the acids, and the solutions are all decomposed by water.

Salts of gold in which the peroxide .icts as an acid do not, except

one of them, possess any rem.irkable properties ; this peroxide of gold

is soluble in potash and soda, but no very definite or crystallised com-

pounds of them have been formed. Ammoniuret of gold, sometimes

called aurate of ammonia, is fornjed when ammonia is added to a solu-

tion of perchloride of gold ; water is decomposed, and peroxide of gold

precipitate<l in combination with a portion of the ammonia. This

substance is of a yellowish-brown colour ; it is to be collected in a

filter, washed with a little water, and dried at a temperature below

212°. When this substance is heated it explodes violently, the gold is

r&luced to the metallic state, water is forme<l by the union of the oxy-

gen of the oxide of gold with the hydrogen of the ammonia, and azotic

gas is given out. It probably consists of two equivalents of ammonia
and one equivalent of peroxide of gold ; it may, however, possibly be a

nitride of gold.

Some of th»most permanent salts of gold are the double chlorides :

thus the iK)tassio-chloride of gold crystallises in small he.\agonal tjibles

;

it is, however, quickly cfllorescent in the air. The sodio-chloride of

gold crystallises in long quadrilateral prisms wliich are not altered by-

exposure to the air. When heated it melts iff its water of crystalli-

sation, and afterwards loses a little chlorine. It appears to be the most

stable of all the salts of gold. It consists of 14ti8 parts of chloride of

sixliura, 76-32 of perchloride of gold, and 9 of water. The chloride of

ammonium, the chloride of lithium, barium, &o., form crystalline

double salts with the cliloride of gold.

There is a compound containing gold which has been long used for

giving a red colour to glass, under the name of the purple ponder of

Cassiut. Acconling to Berzelius, it is composed of 2835 of gold, C4 of

peroxide of tin, and 765 of water. Other chemists have assigned a

different constitution to this substanee. It is of a fine purple colour,

and may be prepared by adding a solution of perchloride ot gold to a

mixed solution of protochloride and perchloride of tin, or simply by

putting tin-foil into a solution of gold.



GOLD BEATERS' SKIIT. GOLD BBATINO.

Tka gWMnl propartiM of tb* tolDtiiini ci gold •>«, protonilpbaia of

hoe predpitotw metallio p>ld from tha ehlorid*; pratoaitnta of mor
outy givM • bUek pmipiUU, •nd m> does Um prolooUorida of tin ; but
• mixture of the proto- utd par-chlorida, already notioad, give* a
purple [iracipitate. Uydroaulphnrio add throws down black nulphurot
of gold ; amiiMmia, aa aJraady noUoed, throws down a yeUowiah-brown
pr*:i[>itate of falmlnating p>ld, which an azcaas of tha alkali rs-dis-

aolvea. Many of the matiUa, phoaphonw, and charooal, precipitate

metallic gold, aa alio do oxalic acid and tartrate of potaah, whan heated.

OUL.D-BEATERS' 8K1K. The prapantion of the deUoate mom-
braae known by this name fonaa part of an axoeedingly dirty and
dingnaable claila of maniifa<*nraa called by the IVaaoh " borauderie,"

from the word " boyau," intastSna. The itringi for violins, harpa, and
guitaiB [CATtiUT Strings], gold-beaters' skin, and some other valuable

artiolas of a membranous character, are maide from the iutaatines of

animals—not (except in a few cases) from the whole thictnaaw of tha

intestine, but from a very thin membrane which coven it either on
tiia interior or the exterior. It is from the large intestine of the ox
that gdd-baatera' akin is prepared. This intastina is oomposad of

thrsa coats or sheathings ; the mucous membrane on the injedde, the

peritoneal membnme on the outside, and tha muscular membrane
Miweaa them. The peritoneal membrane is the one required for

the porpoee. In the ftrst place, the intestine is freed from all

greaoneas by soaking, acraping, and washing; it is then turned inside

out, and put into a tub. The tub contains a strong alkaline liquor, in

which the intestine is allowed to steep for sevend hours ; and at the
expiration of that time the mucous membrane has become so fur

loosened aa to be easily removed. The alkaline liquor employed, called
" eau-deJavelle," removes all trace of fetid odour. The peritoneal

membrane is afterwards carefully removed, and stretched out to dry.

It is next steeped in a weak solution of potash, and carefully scraped.

After this it is stretched out on a frame, with that surface under-
most which had adhered to the muscular membrane ; another mem-
brane, placed the contrary way uppermost, is laid upon it, and the two
are easily made to unite ftruily. The nietubrane is then moisteued
STMoessively with different liquids, of which one m a solution of alum,
one a solution of isinglass, and another a layer of white of egg.

Beating, drying, and pressing are also among the processes to which
the membrane is subjected; each manufacturer appearing to have his

own peculiar mode of proceeding.

A packet of skins properly prepared for gold-beating is rather a
costly piece of apparatus; but it will bear a surprising amount of

beating without injury. The skins may be used for several months
without become thinner or weaker. They acquire, however, by
dwrees a greamness of surface which temporarily unfits them for their

office ; this greaainess is removed by interleaving them with pieces of

clean white paper, and hammering them for a considerable time,

whereby the greasiness is removed from the skin to the p^)er.

Tlie unhealthineas of this manufacture has been deemed in Prance
so serious ss to engage the attention both of medical men and of

the l^isloture. M. Parent Duch&telet states that the odour arising

from uie putrefactive fermentation of the substances used, is more
loathsome than any other process incident to manufactures ; and that

the effiwt of the exhalation on the health of the inhabitants who lived

near the boyauderies was such as to lead the French government,
towards the end of the last century, to prevent the boyaudiers from
continuing to carry on the manufacture in the faubourg where they
had congregated, and where a street was named after them, the Hue de
la Boyauderie. They left that spot, and established themselves near

Uontaufon ; but here they formed a new centre for disease and
infection. At length, in or about 1820, the Coimcil of Health offered

a prize for the discovery of any mode for separating the peritoneal

membrane without subjecting the intestine to the putrefactive action.

H. Labarre-jue obt.iined the prize, by showing how chlorine could be
employed Ixjth to fumigate the workshops, and to loosen the mem-
fanncs one from another without allowing the offensive odour to escape.

In 1810 the different manufactories of France were ranged in classes

according to the unhealthineas of the employments ; and the boyauderies
were pUoed at the head of the Ust of " EtabUssements Insalubres :

"

tb^ viere subjected to rather strict regulations in reUtion to the
position and general arrangements of the buildings ; afid these rules

are still acted on in cases where the new method is not adopted.
This manufacture is oLm carried on in Enghmd. Before the removal

of the cattle market from Smithfield to Pentonville, and the pulling
down of houses to form Victoria Street, most of the English workers
in this disagreeable trade congregated in and near Cow Cross. A mould,
or group of 8U0 pieces of gold-heatets' skin, is valued at no less than
lOT, for gohl-beating purposea.
GOLD BKATINO. This is a process whereby gold is brought to

the state of very 6ne leaves, for use in various kmds of gilding. The
remarkablo ductility of gold—a quality poaaeaied by it in a greater
degree tluui by any other known substance—is here taken advantage
of to the fullest extent, as a means of limiting the quantity of this costly
material rwiuirod in gilding. So far is the attenuation carried, that a
hundred square inches of nearly pure gold can be purchased for about
lixpenoe.

It is by a combined process of rolling and hammering that the
attenuation of the gold is produoed. Tha metal is melted in a small

onunbla by the heat of a wind fumaoa ; and is cast into an iron ingot-
mould, so as to form an oblong flat bar about thrae-quarters of an inch
in width, and weighing two ounces : a Uttla botax is used to fat:iUtate

the melting of the gold, and the inf^ot-mould is iiinasnd on the iusida
to prevent the adbaaion of the gold to it. Tba ingot, when removed
from tha mouh), is inunaraad in hot adiaa, wharaby tha gold is both
annwaled and freed from grease. When cold, it is ready to undergo
the prooeoa of reduction in thickneai, and proportionate axtaosiun in
length and breadth. Formerly, in France, thus ingot wsa beaten out to
the state of a thin riband, by the use of a forgiug-hammar about three
pounds weight ; but the French gold-beaters now carry this hammer*
mg only to such aa extant aa to reduce the ingot to the state of a
plate about ooe-sixth of an inch in thidmeas, and then finish bj tha
use of the rolling, flatting, or laminating mill. In v.n^<^'t thia
forging is dispensed with, and the reduction of the gold totha state o<
a riband is eiiiBCted by means of the mill. This mill consists of two
roller* made of polishad steel, perfectly cylindrical in form, and adjusted
with very great nicety ; it must so act as to r^uoe the gold equally in
every part, or else the further thinning could not be pro|ierly carried
on. The milling is continued until the ingot of two ounces U spread
out to a surface of 960 square inches, with a Ki/Jmaa. of rather mors
than I-800th of an inch.

This thin riband of gold ia then cooaigDad to the hands of the gold-
beater. The hammering does not take place on the gold itself ; but
thin membranes ore interposed between the h^mmai- tad the gold.
These membranes are of three kinds : an outside covering of common
parchment ; a set of leaves made of very fine and smooth calf-ddn
vellum ; and another set made of the gold-beaten' skin daacribed in
the last article. The nband of gold is cut up into small pieces, each
measuring exactly an inch square ; and a hmidred and fifty of these
are interleaved with an equal number of leaves of vellum, about four
inches square ; each piece of gold being placed on the middle of a leaf

of vellum. Over this packet of vellum-leaves is drawn a parchment
case, open at both ends ; and over this another parchment case at right
angles to the former ; so that the vellum and gold arc enclosed tightly
on all sides. The entire packet thus prepared is beaten. This b«iting
is eS'ected on a smooth block of marble,' strongly imbedded beneath,
and bounded on three sides by a raised ledge of oak wood ; the front
edge is open, and has a leathern flap attached to it, which serves as a
kind of apron for catching fragments of gold that may fall off in ih»
subsequent operations. The hammers employed are very ponderoiu,
weighing about sixteen, twelve, and ten pounds respectively; the
heaviest is used first, and the others ore brought into use as the
becomes thinner.

The packet of interieaved vellum euid gold is laid on the stone, and
the workman beats with regular and heavy blows, on tha middle of
the upper side ; there is a firing or eUsticity of the packet which
enables the hammer to rise eatUy after each blow ; otherwise the work
would be too laborious for any man continuously. The beater turns
the padcet over from time to time, to equalise the action among the
leaves; and he occasionally bends the packet to and fro, to destroy any
slight adhesion between the gold and the vellum : ho also opens it

at intervals, to see how the operation is proceeding. The beating
is continued until each little inch-square piece of gold has become
expanded nearly to tlie size of the vellum-leaves ; and in order that
the whole of the hundred and fifty pieces may be equally acted on,
the i>acket is occasionally opened, and the inner pieces placed near the
outside, to receive more action from the hammer.
When this degree of attenuation has been reached, the use of th*

vellum-leaves ceases, and that of the gold-beaters' skin commences.
The packet is opened, and each piece of gold, being taken out and
placed on a kind of cushion, is cut into four pieces with a peculiac
smooth-edged knife.

The pieces of gold, now increased in number from a hundred and
fifty to six hundred, arc interieaved with an equal number of pieces of

the prepared gold-beaters' skin. The packet thus prepared is enclosed
in parchment, and beaten in the same way as before, but with a
smaller hammer. The pieces of gold become by degrees exjmnded,
until they attain nearly the size of the skin-leaves. The jmcket is

again oi^ened, the leaves of gold are again cut into four each, and the
quarters are again interle.-iifed with gold-beatenr' skin. The cutting is,

in this second instance, effected by the smooth edge of a strip of cane,

since the thin gold would be liable to adhere to a steel knife. As the
pieces of gold, now two thousand four hundred in number, would be
too niuuerous to be beaten in one packet, they are divided into three

parcels of eight hundred each, and ea<m psicket is interleaved with
gold-beaters' skin, enveloped in parchment, and beaten in the same
way as before. A third time these leaves expand nearly to the size of

the skin-leaves ; and by this expansion the necessary degree of thinness

is attained. By the three beatings and the two quarterings, the gold
is expanded to an an:% ncvly two hundred times greater than it

presented when in the form of a ribiuid. The attenuation may be
rendered more intelligible by stating that one hundred square feet of

the loaf-gold weigh no more than an ounce—a result nearly as

8uq)rising as anything presented in the mechanical arts. Gold can be
beaten to a much greater degree of thinness than that ordinarily used

;

but the waste oooa^oned by broken leaves, and the additional nicety

and labour required, more thou counterbalance the advantages.
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When the la«t beating is finished, the packet is opened, and the thin

leaves of gold removed one by one. The goldbeater makes use of a

delicate pair of long pincers, made of white wood, and takes up the

fragile leaves of gold one by one. Each leaf is laid down on a cushion,

and blown out flat by the breath of the workman ; if any of them have

been broken or injured in the beating, they are thrown aside, to be

remelted for future use ; but otherwise each leaf has the ragged edges

cut from it, so as to bring it to the size of about three inches and a

third square. Small books are prepared, each containing twenty-six

leaves of paper about four inches square ; both surfaces of every leaf are

rubbed with red chalk, to prevent the adhesion of the gold ; and

twenty-five leaves of gold are placed in each book. In this form the

leaf-gold is sold, at fifteen to eighteen pence per book.

The French .adopt the same general mode of proceeding as the

English gold-beaters, but vary it slightly in detail. The laminated

libaud is cut into pieces an inch and a h.'Uf long by an inch wide, and

about l-24th of an inch thick. Twenty-four of these are laid one on

another on a smooth slab of steel, and hammered until they are

two inches square. Fifty-six of those expanded leaves arc made up
into a packet, with two leaves of vellum between each. This packet

ia enclosed in a sheath, and is beaten with a hammer in the same way
as in England. Indeed the hammering and quartering, and the use

first of vellum and then of gold-beaters' skin, are the same in most of

their features as those alre.^y described ; but the French gold requires

more hammering on account of the greater weight and size of the

pieces at the commencement of the beating.

Two other metals, silver and copper, have sufficient ductility to be

brought into the state of thin leaves by hammering ; and both are

used to a limited extent in this state in the arts. But these metals

would fracture long before such a degree of thinness could be obtained

M in the case of gold ; and indeed the smaller value of the material

renders it less important to economise material in this way : conse-

quently leaf silver and copper are thicker than leaf-gold.

Two inventions of recent date may be briefly noticed here—Lane's

ingot, and Bennett's gold-beating machine. In the usual method,
described above, an ingot of atioyed gold is rolled and beaten ; for

there is always a little silver or copper mixed with the gold, to render

it workable. Mr. Lane's suggestion is, to use a central plate of nearly

pure gold, with two plates of alloyed gold on the two surfaces : the

alloy .to have any tint, or any degree of purity that may be desired.

The three plates are beat«<l nearly to fusion, which enables them to

combine into one ingot, afterwai^s rolled and beaten in the usual

way. The advantages of this method are assumed to be, that the

colour of the leaf is variable at pleasure ; and that the pure gold inside

affords a highly malleable foundation, which carries the two surface-

layers with it. The other novelty, Bennett's machine, ia one among
many contrivances which have been introduced to hammer the gold by
machinery, instead of applying manual labour to it. Moat of them
have (ailed, on account of the nice adjustment of force necesaary. In

Bennett's nmchine a steam engine, by means of a band, gives motion

to a fast-and-looae pulley, which in its turn causes the rotation of a

shaft or axis. A cone on the axis, by means of a band, gives motion
to another cone on another axis ; the band, by minor adjustments is

made to shift along the surfaces of the two cones, as a means of

regulating the speed of the hammer connected wiUi one of them.
Smaller axes, pulleys, bands, wheels, crank-pins, connecting rods,

guides, and cross-heads, allow the motion to be brought to bear upon
the hammer, which thereupon rises and falls rapidly. The mould, or

interieaved group of gold and vellum, or gold and gold-beaters' skin, is

placed on an anvil, and is made to shift slowly as a means of equalising

the action, after every blow of the hammer. Each upward movement
of the hammer sets in motion a system of screws, nuta, axes, pulleys,

and t<poth-wheels, which cause the mould to shift its position slightly.

Notwithstanding the ingenuity displayed in this machine, however,
nearly all the lotf-gold manufacturecl is still beaten by hand.
GOLD-LACE MANUFACTURE. The bcautiftU substances, gold

and silver lace, are produced by the application of a very thin coating

of the precious metal to threads of silk. In the original and long-

practised method, a stiffened thread is thus produced, applicable to

the production of cloth-of-gold and other heavy tissues ; but recently-
invented proceases enable manufacturers to apply gold to perfectly
flexible thread. These two varieties may consequently be distin-

guished tm fibre-pUitimj and Jil/re-ffilding.

_
Pihre-plating.—TioB is the process for the wejl-known gold and

silver-lace, largely manufactured both by orientals and by Europeans.
The Hindoo gold-lace is thus mafic. A rod of silver is roughed, and is

plated with a leaf or film of gold ; the thickness of the gold being to
that of the silver in the ratio of 1 to 22. A little moisture and a
slight pressure are all that are neoeasary to hold the gold in its place.
Th» ro<l is made red-hot in a pan of charcoal ; then taken out,
hammered, and rubbed with a piece of wood. The ro<l, about three-
quarters of an inch thick and six or eight inches long, is next drawn
into wire, by a very nide apparatus, but one which the patient and
ingenious Hindoo manages cleverly; it passes successively through
many holes in a steel plate, each finer than the one that preceded
it. The metal is heated and annealerl after each drawing ; and this
aeries of drawings and annealings is repeated until the rod is

brought down to the thickneaa of whipcord. Another let of wir*-

drawers, with greater skill and more delicate fingers, are next em-
ployed; they diaw the metal through fifteen or twenty holes in
succession, until it is reduced to the thickness of the finest hair. The
gUt-silver is now too tliin to be woven by itself ; it would not possess
sufficient strength ; but it will serve as a covering for silk thread.
The fine wire is flattened by a highly-polished steel hammer, working
against an equally polished steel anvil ; one blow with the hammer
suffices to flatten eight or ten wires placed side by side ; and the wires
unwind from small bobbins or reels as the flattening proceeds. The
orange-colour silk is then coated with the wire, by a twisting process,
almost wholly without tools, and such as none but the delicate fingers
of the Hindoo could perform.

English gold-lace is miode in a manner which has recently been
described by Mr. Bennoch, in a paper read before the Society of Arts,
based on information obtained at the establishment of Messrs. Johnson
and Simpson. Here, as in India, there ia first the preparation of
a rod of silver ; then the coating of the sUver with gold ; then the
reduction of the rod to the state of wire ; and finally, the twisting of
the wire round orange-coloured silk thread. The silver best suited
for this purpose is obtained from lead, .and is characterised by great
tenacity and toughness. It is purchased in the form of a cake, which
is melted to a white heat over a charcoal fire, and poured into an
ingot mould made of iron or copper. The silver ingot so cast is about
two feet long by two inches in diameter. It is brought to a red heat
over a charcoal fire, and is beaten with h.ommers until its length is

increased twenty per cent. ; its substance being also rendered more
dense and compact, by the fibres being then in parallel directions.

Then begins the process of reduction. The ingot is drawn through a
hole with a steam-engine force of IG-horse power, reducing its diameter
and increasing its length. Again and again is this done, ten or twelve
times, a smaller die being used each time. The attenuated rod is then
thoroughly cleansed, and is ready for the application of the more
precious metal. As the gold is applied in the form of leaf, and as all

the leaves are of about equ.al thickness, different qualities of gold-lace
are produced by varying the number of gold leaves laid on one over
another ; the commonest kind, for livery-lace, for the ends of muslins,
and for skein-thread exported to India and China, have about ten
layers of gold leaf ; the best kind, for military purposes and for bullion-
embroidery, have thirty ; and between these extremes there are many
intermediate kinds. The leaves are piled one on another to the re-

quisite number, and such piles are laid side by side till they equal the
length of the silver ro<l ; the rod is rolled gently upon them, and the
gold slightly adheres, witliout the intervention of size, water, or any
other agent. The rod so overspread is cnveloiied in paper, tied
round with a peculiar kind of cord, and, placed in the centre of a heap
of lighted charcoal ; the paper and cord do not consume until the bar
becomea nearly red-hot. The rod, while hot, is burnished with a
blood-stone, to exptel any air that may remain between the gold and
silver, and to increase the closeness of contact of the two metals.
When cool, the rod is coated with wax, and is ready for the wire-
drawing process. The drawings, heatings, and annealings, arc very
numerous ; for it is necessary to carry on the process of attenuiition
by minute degrees. So long as steel dies, or perforations in steel plates,

were alone used, the silver-gilt rod could not be brought finer than
1000 yards to an ounce of metal ; but now, perforated rubies are used
for the finer kinds, and an ounce of the metal can be brought to the
surprising length of a mile and a quarter. Concerning this invention,
Mr. Bennoch said :

—" There are not more than three men in London
capable of perforating and setting these ruby dies properly ; and one
man, who works probably not more than three hours a day on the
average, has received from one wiredrawing firm as much as 500/. or
60W. in a single year," Even this wire, finer than any human hair,

baa so much tenacity, that a piece twelve inches long will bear twelve
ounces weight The wire, after being slightly deepened in tint by
passing over a heated cylinder, is flattened in the flatting-mill. This
consists of two amall steel rollers exquisitely tiu'ned and poli.shed

;

they are brought from Rhenish Pnissia, and have had such a large
amount of labour and pkill bestowed upon them, that they command
the enormous price of 120/, the pair. 'I'he wire, flattened to twice or
thrice its original width, and proi)ortionably reduced in thickness, is

then twisted upon or around a silken threa<l, by the aid of bobbins,
reels, and a spinning-frame. A beautiful gold thread is thus produced,
appUcable to the making of gold-lace, embroidery, fringe, &o. Perfectly

golden as the exterior is, however, it is surjirising how little real gold
the thread contains ; for, of the whole bulk, nine-tenths is silk, and
only one-tenth metal ; and, in the average kinds, one-fiftieth part of the
metal only is gold, the rest being silver ; so that the gold constitutes

no more than one five-hun<lredth part of the substance of the thread.

Kfltimated by one m.an'a labour, it takes 700 hours to reduce the ingot

of silver, weighing aljout 400 ounces, to the finest wire ; so extremely
numerous are the drawing processes ; in the finest kind, the ingot

would be elongated to 500 miles of wire. Only 8 ounces of gold

are applied to the ingot of 400 ounces ; consequently, as a mile and a
quarter of the finest silver-gilt wire weighs only one ounce, one ounce
of gold suffices to envelope more tlmn 60 miles of such wire.

It has long been believed that the eloctro-niutallurjric process will

ultimately be rendered applicable, both to fibre-plating and fibre-

gilding, althar is tha tbrMd or ;.i tba fabrio. Up to the presant time,
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BO toA {ii'oewiiwi hara aotaalljr ueeeaded m tubstitutea for gold-

lae* in»d« on the meoluiiiol iratom abore daaeribed; but we shall

fieeeutjy hare to notioe one applioable to other pnrpoeea.

Silrer-laoe ia made bj plating lilken thread with a flattened wire

of Blver. The prooeaMa are analogou* in principle to thoae jvut

daaeribed, but of eoune laaa elaborate and lea* cKiatly.

fibn-giUimg.—The gilding of fibre haa lately occupied a good deal

of attention. Chuniata and nunufacturera have long aought for a

mode of coating fibrea quickly with gold by some chemical process,

aa a aubatitute for the slower and more costly mods of fibre-plating.

The FMneh government aereral yeara ago offered a price to the

inventor of any such prooeaa; but no one earned it by auocesa.

EleotR>-metaUurgy then seemed to open a new path, and many in-

geoiooa leaearohea were made ; but it was found tli.it, although gold

ooold easily be made to attach itself to the thread, tbo thrrad was long

in drying through being soaked with a solution, and dried without

lustre ; while the foundation was too soft to admit of burnishing. In

short, the brilliancy of gold-laoe waa not at all imitated by this

product.

After many chemical experiments, Mr. Albert Hock succeeded in

devising a uiechanicil contrivance. It is requisite tliat the silk Rhould

be of superior quality, free from knotty nibs and rough places ; that

the gum should be boiled out of it ; and that the siik be dyed to a

light orange tint. The silk thread is wound on bobbins ; and when
about to be gilt, it is transferred to a brass roller, around which it is

wound so carefully as to admit neither of interstices nor overlapping.

In its passage it peases through a trough containing a glutinous but

transparent liquid. Leaf-gold is then laid on the coil of gummed silk,

in pieces between three and four inches square ; the cylinder being

made to rotate partially to aid this application. Leaf after leaf is

applied, until all the silk is covered. The gold is then pressed down
upon the silk by a piece of cloth or wash-leather fastened to a piece of

wood. One side of the silk thread becomes thus gilt. To gild the

entire thread, it is transferred to another cylinder : during the passage

the gilt side necessarily winds next to the brass on the second cylinder,

leaWng the ungilt jvut of the thread exposed, to be treated in the same
manner. If it ia desired that the woven fabric should present a rich

alternation of gold and coloure, the silk thread can be dyed of any

colour choaen, and only one side or half of it covered with gold. The
finished thread is wound upon boards or planchettes, r«idy to be

appUed to weaving, lace-making, fringe-making, or any other purpose.

The advantages of this gilt fibre over gold lace are—that the material is

light and pleasant for garment fabrics ; and thot, owing to its lightness

and perfect flexibility, it can be wound and woven with perfect

facility. The disadvantage is, that it cannot be made to present the

brilliant and dazzling effect of thread plated with gold. As regards

cost, it is said that the finest plated thread, selling at St. per ounce,

raeasurea 550 yards to the ounce ; an<l that gilt thread of equal fineness

and length, but weighing only one-third of an ounce, sells at 5». The
gilt fibre is dearer than the plated when estimated by weight, but

cheajwr when estimated by length. Although good gold is necessary

for the best work, any combination of gold and silver, gold and copper,

silver and copper, or all three, would suffice, if applied in the form of

leaf. In some varieties of gauze scarfs the leaf metal used is wholly copper.

Mr. Hock's method of fibre-gilding is not the only one practised.

Mr. Green obtained a patent in 1 853 for a mode of covering thread

with gold, ultramarine, emerald green, and various kinds of coloured

powders. He employs metallic jTOwders in the following way :—The
thread is first dyed in tlie usual way ; then wound upon a reel ; then

paand rapidly over a gas-flame to singe off loose fiUments ; then passed

over a roUer which dips into a trough of transparent gum ; and then

between pads of leather to remove any superfluous gum. Thus far

prepared, the tliread passes over a roller which dips into a trough con-

taining gold powder or any metallic colour in a pulverulent state ; by
which means it becomes coated with a ver}' tliin metallic layer. After

tliia the layer ia dried. In one variety of the process the gumming
oompoimd ia mixed with the metallic powder, instead of being applied

preiaoualy to the thread. A alight degree of polish is given to the

gilt thread by paaaing it between highly-polished steel rollers.

Other inventors have been at work in the some direction. The
I>ruaaian Induatrial Aasociation offered, for many years consecutively, a

prize of 1000 thalera and a gold medal to any one who should invent an

effective mode of gilding silk, on condition th^ the silk underwent no
alteration in other respecta. After many unsuccessful competitive

attempts. Dr. Kroning of Stolberg gained the prize. The method he
invented is applicable either to woven or unwoven silk. The exterior

metallic surface ia brilliant, and yet the thread remains perfectly

flexible. When soiled, the thread or fabric may be washed in soap

and water, and pressed lightly before ilr)'ing.

Electro-gilding, wo have aaid, has not yet been rendered applicable

in the guld-lace manufacture. There is one invention, however, by
M. Burot, which relates to the gilding of woven stuffs. The textile

material to be gilt, whether made of silk or any other fibre, is dipped

into a solution of nitrate of silver and ammonia. After remaining in

this solution about two houra, it is taken out, and, when dry, exposed

to a current of pure hydrogen gas, which rednoea tha nit, and leaves

the silver in a metallic state co the stuff. A ailverad surface ia thus

obtained, which can easily ba ooated with gold by the eleotro-metallio

prooeaa. Oilt and ailverad fabrica of eooaiderable beauty are thus
produced.

OOLD-LEAF ELECTROSCOPK. [EtiCTEiaTT, Commox j El«o-
TROMRTEIt.]

GOLDEN FLEECE. [Abookadts.)
GOLDEN NUMBER, ao called from ita having been formerly

written in gold letters in the almanacs, is the year of the cycle of nine-
teen yeara in which the current year falls. To find it, add one to the
year of the Christian era, and divide by nineteen, the remainder is the
golden number of the year ; but if there be no remainder, then nine-
teen ia the golden number. For the derivation and use of this number,
aee PntoDs or Kevoldtiom ; Metohic Cycle.
GOLDEN RULE, a name given to the rule of three, from ita

universal use. [Proportion.]
GOMER CHAMBER. [Chamber.]
GO'NDOLA is tha name given to the pleasore-boata at Venioe,

which are very numerous, and serve aa a aubatitute for the coacbea and
carriagea of other cities. The town being boilt on many little islanda,

divided by numerous canals, people of every condition are obliged to
make fre<iuent use of the gondola, in order to proceed from one district

to another. The goudola is shallow, long, and narrow, pointed both at
the head and stem, and rowed by either one or two men. It is gene-
rally from 25 to 80 feet in length, and 6 feet in width in the middle,
where a square cabin is constructed fur the use of the passengers. The
cabin is furnished with commodious seats, and has glazed window; and
black curtains. By a law of the ancient republic, these cabins were
uniformly covered with black cloth and hangings, and the gondolas
themselves painted black ; no distinction of ornaments being allowed,
except with regard to the gondolas of foreign ambaaaadors on the occa-
sion of public ceremonies. The gondolieri, or boatmen, formed an
important body or corjwration, amounting to several thousands : they
were famed for their wit, often licentious, as well as for their skill and
honesty. Since the fall of the republic the number of gondolas haa
greatly diminished, owing to the decrease of the population and ita

reduced fortunes. Byron, in his ' Beppo,' st. 19 and 20, describes the
singularly dark appearance of the gondola,—" just like a coffin clapp'd
in a canoe."

OONFALO'NE, GUNTFANCN, a word of Teutonic origin, derived
from gund, which in the Frankish and Vandalic dialects meant " war,"
or " fight," and fano or fahne, which in German means a " flag " or
" standard

;

" the two together mean a " flog of war." (Wachter,
' Qlossarium Qermanicum,' art. " Gund ;

" .and Ducange, art. " Gunt-
fano.") Both the French and Itilians of the middle ages adopted the
word, and the latter wrrupted it into " gonfalone," and called the
officer whose duty it was to cury the ensign "gonfoloniere." We read
of the gonfaloniere of the Holy Church, who was the commander-in-
chief of the papal forces. The title of Gon&loniere di Giustizia was
given to a high magistrate of the republic of Florence, appointed by
the constitution of 12'J2. [Dante, in Bioo. Drv.] The republics of
Siena and Lucca had also magistrates calle<l g<infalonieri.

GONG, a Cliinese musical instrument of percussion, made of a
mixed metal of copper and tin, in form much like the cover of a large
culinary caldron, being circular, varying from about 15 to 20 inches m
diameter, and having a rim of from 2 to 8 inches in depth. It is struck
by a kind of dnim-stick, the head of which is of hard leatlier. The
sound or sounds of this instrument—for it produces many jarring onea
simultaneously—can hardly be called musical ; and in f.ict the gong,
wliioh is very powerful, is only used for the purpose of making simorous'
signals, of marking time, and of adding to the clangor of the martial
instruments used in war.

GONIO'METER (from two Greek words yttrla, an angle, /itTpoy, a
measure) is the name of an instrument employed to determine the
angles at which the planes of crystals are inclined to each other.
[Angle ; Plane.] The principle of the common goniometer ia simply
this. It may easily be shown that if two right lines interaect one
another, the opposite angles thus formed will be equal Hence,
regarding the point of intersection as a centre, about which either of

those rigiit lines is free to revolve while the oUier remains fixed, if we
suppose one of the edges of a solid bounded by plane surfaces to be
applied to that centre, so that the edge may be perpendicular to the
plane in which the two right lines are situated, and then auppose the
linee to coincide with the two contiguous planes of the solid, it will be
evident that the divergence of the linea will be the measure of the
inclination of the planea. A graduated arc being now adjusted to the
line which we supposed fixed, the position of the oUier line would
indicate the numlwr of degrees at which the planes of the solid were
inclined to each other. Aa thia instrument, however, when applied to

laminated substances, such aa crystals, is incapable of affording results

sufficiently accurate to determine the apedea to which the cr}-stal

belongs, in conaequencfe of the frequent irregularity of the fracture and
the ordinary minuteneaa of the planes, we shall, without dwelling

longer u]ion ita construction, proceed to describe tlie more iwrfeot

instrument invented by Dr. WoUaaton, and called the ttJIecHve

goniomtier.

It ia well known that a ray of light falling upon a polished plane is

reflected at an angle equal to the angle of incidence, and that to an eye

situated in the direction of the reflected ray the object from which the

lay emanated will appear aa much below that plane aa it ia really above
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it. If therefore we place one of the planes of a crystal in such a

position that the reflection of an object above the plane may appear to

coincide with another object beneath, and then turn the crystiil until

the reflection of the same object above (from the second plane of the

crystal) shall again appear to coincide with the same object below, it

wUl readily appear that the arc which the crystal ^vill have described

will be the measure of the supplement of the inclination of its two
planes, that is, the difference between that inclination and 180". In
turning the crystal the direction of the edge common to its two planes

should not be altered, and the rays in both instances should be reflected

from that portion of the planes nearest to their common edge, other-

wise the observ.itionwill be affected by paraUas. Such is the principle

of Dr. Wollaston's reflective goniometer, by means of which the

incUniitions of planes whose area is less than the 100,000th part of a

square inch may be determined within a minute of a degree, and
which is equally effective whether the fracture be even or irreguhir.

The instrument itself consists of a graduated circle mounted upon a

horizontal axis, to one extremity of which is attached a moveable pin,

having a sUt for the purpose of receiving a small brass plate. To this

plate the crystil is attached by means of a piece of wax, so that it may
project beyond the edge of the plate. The pin (which is provided with
a vertical and horizontal movement) is then raised or lowered until the
reflection of any convenient object above appears to coincide with
some other object beneath. The instrument being thus a<ljustcd, the

graduated circle is turned until a similar reflection is obtained from the

contiguous side of the crystal. The arc which the circle will then have
described will (as was before stated) be equal to the supplement of the
inclination of the crystalline planes ; but the margin of the circle being
graduated in an inverted order, the true inclination is given without
further computation, and may be read off by means of the vernier

[V'eb.sieb] with considerable accuracy.

GUNIOMETUY, the measurement of angles; a name which might
be substituted for Tbigonometby, if it were advisable to alter esta-

blished designations. The latter science, beginning with the measure-
ment of triangles, made all that was known of the analysis of angular
magnitude its own ]>eculiar instrument. The various accessions which
real goniometry received were therefore considered as additions to

trigonometry : so that at this day, under a word which imports
measurement of triangles, we have a science which wanders as fiar

from the etymology of its name as geometry does.

GOOD FRIDAY, the name given to the day of our Saviour's

Crucifixion. From the earliest ages of Christianity this day, empha-
tically called Good Friday, has been held as a solemn fast; its

appellation of Ooixl being appUed to express the blessed uffecta which
sprang from that important event.

It is in England only that this day has the appellation of Good : its

ancient and appropriate title wa« Holy Friday, the Friday in Holy
Week. Offices called Tcnehrte, that is, " darkness," are sung on this

day, and on its eve and moiTow, by those belonging to the Romish
faith. The Ughts are extinguished in reference to the supernatural
ilarknega at our Savioiu-'s Crucifixion, tuid nearly at the end of the
service a solemn silence is ob6er%'cd throughout the church, which is

suddenly Buccee<led by a tremendous noise, in token of the rending of
the veil of the Temple, and of the disorder in which the very frame of
nature was involved at that momentous event. Good Friday and
Christmas Day are the only two days observed in England by a total

Buq)ension of business.

Cakes made for the day, called, from the mark impressed upon them,
cross-buns, still, even in the metropoUs, form the general brejikfast on
Good Friday ; but are not further noticed. In some of the distant

counties, such as are not eaten are preserved, to be used as an infal-

lible cure for the faithful throughout the year. The practice of

making cross-buns is supposed to have originatc<l simply in the desire

of marking on the only food anciently allowed on this solemn fast a
symbol of the Crucifixion ; but the custom of having some sort of

consecratetl bread is of great antiquity. The Jews and the Greeks had
cakes, Jeremiah (xUv. lU) has " did we make her cakes to worship her

;

"

and the Greeks gave the name of Bonn (^ovf) to their sacred bread.
Hoepinian (' De Orig. Festorum,' fol. Gl b.) tells us that the kings of

England had a custom of hallowing rings with much ceremony on
Good Friday, the wearers of which would not be afflicted with the
falling-sickneaa.

A sermon used to be preached on the afternoon of this day at

Paul's Cross, at which the lord-mayor and aldermen attended in their
robes.

Crcepin;/ to llie Crott on Good Friday was another of the Popish
ceremonies formerly practiiMxl in England. The ceremonial of it is

given by Bishop Percy in the notes to the ' Northumberland House-
hold Book.'
' GOOSEBERRY. The Ribet Oromlarla, indigenous to Britain and
some other European regions of cool temperature, and aUo to (he
mountains of North America, at an elevation of from 2000 to 8000 feet
above the level of the sea, is the origin of the many hundreds of kiuils
of this wholesome fniit now in cultivation. Its botanical position is

described under Rises, in Nat. Hist. Div. Its use, as is well known,
is more or less within the reach of every one. It is the earliest fruit
for culinary preparations ; and it m.iy bo preserved green for winter
use, as also in a ripe state. The plant bears so abundantly that a largo
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quantity may be thinned off for tarts, pies, sauces, &c., in the early

part of the season, and still, if done judiciously, a sufficiency left for

ripening. The gooseberry will ripen in the extreme northern pai-ts of

Britain, near the level of the sea ; and iu lat. 57°, even at an elevation
of 900 feet, it acquires great perfection with regard to flavour. In hot
seasons, iu the southern counties, the fi'uit cannot endure full exposure
to the direct rays of the sun, which sometimes make it appear as if

scalded ; under such circumstances evaporation takes place from the
whole surface faster than the subjacent tissue can rei»ir the loss : the
consequence of which is a complete emptying of the suiierfioial cells of

the fruit, which produces death.

The temperature and other cii-eumstauces which various species of

fruit require in the course of ripening are very important to be known,
as they vary in all probability in every different species. In some
cases the secretions are formed rapidly; growth is moreover quick
from the period of flowering ; and a rapidly-increasing temperature,
attended by atmospheric moisture, is best suited to the perfection of

the fruit : such is the case with the apricot. The fig, on the contrary,

demands a long, steady, high temperature, and a dry atmosphere.
In the case of the gooseberry, it appears that the flavour is best

where the low temperature of the north brings the fruit more gra-

dually to maturity than it does in the south, where the fruit is iu

danger of being scorched, and where it ripens far too quickly to

acquire the peculiar flavour which it attains iu its favourite climate

;

and a different method of pruning and training ought to be practised

accordingly. Thus in the north the branches should be left thin, so as

to expose the fruit, and with the same view the spurs should be short.

In the south the trees should not be laid so open, and the lateral young
shoots, instead of being cut close in, immediately above the fruit-bud

at their base, should have two buds left to produce leaves for shading
the fruit in summer.

In the manufacturing districts of Lancashire and the iKljuiniug

counties the cultivation of the goosebeiry has been brought to sur-

prising perfection, .at least aa rcg,irds the size of the fruit : aud this

chiefly by the manufacturing classes, in consequence of prizes being
awariled to successful competitors at the gooseberry-show meetings.
Judging from the quality of the varieties grown for competition in this

way, it appears that weight is the only qualification required ; it is,

however, umch to be regretted that flavour is not also taken iuto

account. From the neglect of this requisite, many of the fine Lancashire
gooseberries are not at i\ll worth cultivation, except on .account of then-

coming to a size sufficiently large for cooking earlier than the smaller.

For this purpose those with smooth skins should be avoided, because

the skins become tough in the process of cooking.

For flavour, the small, or " Old English " kinds, are far the best, and
indeed are the only sorts worth growing ; but they do not look well

among a dessert. Wo give below a list of 'such sorts as are proper for

a selection, when flavour is the principal object ; and another in which
mention is made of the best Lancashire vai-ieties, where flavour and
size are in a tolerable degree combined.

Gooseberries ai-e arranged systematically according .ts their eoloiira

are rrd, yelloui, greeu, or icliite ; and subdivided with regard to their

turfacc being liitpiU, dowmj, or tmixAh.

Smalt, or Old EnglUli, GooKbcrrles.

Division 1. Fruit Red.
* Surface hupid.

1. Rough Rod.
2. Small Red Globe.

3. Small Dark Rough Red.
i. Scotch Best Jam.
6. Red Champagne.
6. Keen's Seedling.

7. Raspberry.

8. Red Warrington.

9. Rob Roy.
• * * Surface smooth

.

10. Retl Turkey.

Division 2. Fntit Ydluic.
* Surface hispid.

11. Karly Sulphur.
12. Yellow Champagne.
13. Hebbum Yellow Aston.

• * Surface doumi/.

11. Rumbullion.
* * * Surface imooth.

15. Amber.
IC. Yellow B;U1.

Division 3. Fruit Oreen,
* Surface hispid.

17. Early Green Hairy.
18. Glenton Green.
19. Hebburn Green Prolific.

* * • Surface smimth.

20. Pitmaston Green Gage.
21. Green WaUmt.

Division 4. Fruit White.
* Surface hispid,

22 White Crystal.

23. White Champagne.
24. Taylor's Bright Venus.

* * Surface doicny.

25. Early White.
* * * Surface smooth.

26. White Damson.
27. White Honey.
28. Crj-stal.

Of the above, Nos. 1, 3, 4, 5, 7, are excellent for preserving. No. 11
is the best sort for bottling green. The earliest arc Nos, 9, 11, 17, 21,
25, 27 ; and the latest is No. 8.

Large, or Lancasliirr, tiooselerries.

Division 1. Fruit Red,
* Surface hispid,

Leigh's Riflciuan.

Lomas's Victory.

Melling's Crown Bob.

Boardman's British Crown.
Bratherton's Huntsm.an.

* * Surface dowutj.

Berry's Farmer's Glory.
* • • Surface smooth.
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VuTow'i Roaring Lion.

Bider** Soanted L«mon.

Diridon 2. Fnil YiOom.
• * * Surfau imodh.

Dixon's Qolden Tallow.

Diriiion S. Aw'l Oreen.
* Smrfaec hi^id.

Prtnoca RoyaL
UopW't Lwd Crewe.

* • Suifan doicnf.

BuUnaon'* LiureL
CoUiar'* Jolly Angler.

• • • Surface moUk.

llMMy'i Heart of Oak.
Edwanla'a JoUy Tar.

Larga Smooth Oraen.

Diririon 4. Fruit While.
* Sur/acf hitpid.

Clawortli's white Lion.
• • Snrfact downy.

Woodward's Whitesmith.
Wellington's OI017.

Saunders's Cheamro Laa.
• • • 5iir/<i« tmooA.

Cook's liMiite Eagle.

Tit Pruning of Ooonberria is performed any time during the winter,

and before the sap begina to be in motion in the spring. The operation

coD^sts in removing all eroes laterals, so as to leave the branches as
neariy as possible nt regubr distances, round an open centre, except
where the heat of the climate renders it necessary to retain branches
in the centre for shade ; and the points of these branches, where too
extended, or weak, should also be shortened to some well situated bud.
Very strong shoots, assuming the character of robbers, should be cut
desa out, except anch as may be occasionally wanted to supply vacancies.

It is however better economy, with regard to the health of the tree, to
pinch off the tops of these strong shoots in the summer, .ind tbtts

prevent their monopolising the sap from the other parts. Suckers, on
the same principle, shouhl be prevented from growing at the root.

The branches in all cases should be pruned to a single terminal shoot.

In short, the plant should exhibit a regular appearance without any
overcrowding in one part and deficiency in another.
GORGE, in fortification, is the name given to that part of any work

which lies directly between the interior extremities of its faces or
flanks, as between /and y,fy. 1, Bastion.

The^rolongations of the magistral lines of two collateral ramparts or
walls, till they meet in the interior of any work, as / B, </ B, are called
the demi .gorges of that work.
GORGONS, GORGON ES, are certain mythological personages, who,

in their vulgar acceptation, were represented as tliree cLiugUtcrs
of Phorcj-8, a marine got!, .-md his wife Ceto. Their names were
Medusa, Euryale, and Stheno. Homer, both in the Iliad and Odyssey,
mentions only one Gorgon ; Hesiod, however, speaks of three. Many
wild and discordant stories were told of them, such as their having
great wings, sharp_ crooked claws, teeth like the tusks of the wild
boar, and snakes instead of hair, and one eye among the three, and
yet some poets have represented one of them. Medusa, as a very
fascinating creature. (Ovid, ' Metamorphoses,' b. iii.) Her hair was,
however, changed into serpents, for having violated the purity of one
of the temples of Athene. The Gorgoiia were represented by Hesiod
as living in the farthest west, beyond the limits of the known world,
by Night and the Hesperides ; later writers placed them in the vmknown
regions of Libya. They were said to have had the power of turning
into stone all those who gazed at them. At last Perseus, the son of
Jupiter and of Danae, set out, encouraged and assisted by Athene, to
encounter the Gorgons, and he conquered them, cut oJf the head of
Medoaa, from whose bloo<l, dropping on the ground, the horse Pegasus
was engendered. He then gave the head of Medusa to Athene, who
fixed it on her segis or shield, which ever after had the power of turning
the beholders into stone. In representations of Athene the head of
Medusa frequently occurs. In Greek sculpture of the best period
the features of Medusa are extremely beautiful, but with a certain
stem and terrible expresaion, latent however rather than fully evolved.
At times, in sculpture, and on coins and gems, the head is almost
hideous. A Gorgon's head w^as the usual ornament on the upper part
of the breastplate of a Roman em|>cror : one is figured on the statue of
Hadrian, in the Roman Saloon, British Museum. We give a cut of a
Gorgon's head from a terraH»tta frieze in the British Museum, Greeco-
Roman Basement Room.

Gorgon's bead, from a Tcrm-Colta In the BrltUh Mutcum.

GOSPEL, derived from two S.ixon words of the same meaning aa
the Greek eramjilhn («6orx/Aioy), which signifies "good news," is
employed both by the authors of the New Testament and by modem
theologians to denote the whole Christian system of nligion, and aUo
more porticuUrly the good news of the coming of theMaasiah. The
books ooDUining an aooount of the life of Christ were also called
goapela by the eodeaiaitioal writers. Many such goUpOa were in circu-

lation in the first three osntoriee, but four only, namely, Matthew,
Mark, Luke, and John, were reoeired by the Uthers .is of diriiM
authority. Several of the other gospels are quoted by the fathers, but
not • poaeesing authority to bind the faith of ChriaUaaa ; and Origan,
who appaala to them more than any other writer, expraasly says tha*
the ehurdi reoeived only four nqiels. (' Horn, in Luc.,' L I.) We
find no quotation* from them in tha writinsa of the apoatolioal fathers,
with the exception of a doubtful passage in Iraiunu(Lardner's ' Works,'
voL iL p. 01) : none uf them appear to have beat written till the 'iiid

oentury, and several not till the Srd. The apocirphal gospels which
had the widest circulation were, tha QohmU aooonung to the Twelve
Apostlea, the Hebrews or Naarenea, and the Egyptians. The Gospel
according to the Hebrews, which is supposed by some critics to be the
same as that acootding to the Twelve Apostles, was written, in all

probability, in the beginning of the 2iid centurj', in the Syriao
language. It apiiears to have been taken principally from St. Matthew's
Gospel, with additions from the other evangelists, and oral tradition.
It has been maintained by some critics that this gospel was written by
St. Matthew, and that the Greek gospel bearing his name in the New
T<estament was only a translation of it.

The Apocryphal Gospels which are extant are, ' The Gospel of the
Infancy of Christ,' alleged to have been written by Thomas, and by
Matthew : it was received as genuine, and is found in the works of
St, Jerome, who lived in the 4th century ; the ' Gospel of the Birth of
Mary j

' the ' Protevangelion of James,' and the ' Gospel of Nioodemus.'
These were pubUshed by Fabridiis, in his ' Codex Apocryphus Novi
Testament!,' 2 vols. 8vo., Hamb. 1719-1743, and by Jones, with an
English translation, in his ' Method of Settling the Canonical Authority
of the New Testament," 3 vols. 8vo. Lond. 1736-7. The ' Gospel of
the Birth of M.iiy,' the ' Protevangelion,' and the ' Infancy of Christ,'
were held in reverence by, and contained some of the principles of, the
sect of Gnostics. These gospels appear to have been written with the
object of supplying the supposed deficiencies of the canonical goapels.
They abound in absurd and improbable tales, princip.illy relating to
the early life of Christ, and contain hardly any particulars concerning
his public life and ministry. The writings of the fathers give the
names of many other gospels, of which the following is an alphabetical
list : —Andrew, Apelles, Baniabas, Bartholomew, ^silides, C'erinthus,
Ebionites, Encratices, Eve, Jude, Judas Isoariot, Matthias, Marcion,
Mcriuthui), Peter, Philip, Scythianus, Tatian, Thaddseus, Thomas,
Valentian. (Jones ' On the Canon,' voL i., p. 145-150.)
From the many verbal agreements and striking differences in the

g08]>els of Matthew, Mark, and Luke, it has been maintained by many
critics that they were derived from an original gospel common to them
ail, which is supposed to have been drawn up by the disciples who
attended the person of Christ; and that this document, which was
afterwards lost, is quoted by Clement and Origen under the title o{
' The Gospel According to the Twelve Apostles.' This hypothesis was
first introduced into this country by Dr. Marsh, in his dissertation
' On the Origin of the first three Gospels,' and has been maintained in
Germany by Michaelis, Semler, Leasing, Eichhom, Gratz, Kuinoel,
Bertholdt, and other celebrated critics. An interesting account of this
controversy is given in the preface to the English translation of
Schleiermacher's ' Critical Essay on the (}oepol of St. Luke,' Lond.
1825, 8vo.

GOTHIC ARCHITECTURE. The term OotUo has long been
almost universally assigned to that form of architecture which pre-
vailed through a large part of Europe during the middle agea. Krst
applied as a term of reproach, as synonymous in fitct with barbarous,
and having in itself no special appropriateness, since it was certainly
not by the Gothic races, properly so called, that the style was intro-
duced or practised, it is not surprising that writers on Gothic ardii-
tecture have usually deemed it necessary to enter a more or leas
formal protest against its use. So generally is the term employed,
however, so much has it indeed become incorporated into our language
and literature, that it would be hopeless to attempt to replace it by a
more fitting one, if even a more fitting one presented itself. But
hitherto, at least, no satisfactory substitute has (been suggeated. The
term Christian Architecture at present much in TogueTis palpably a
misnomer. What we must continue to call Gothic arcliitecture, was
never intended by its origiuatora as in any way antagonistic to what it

is now the practice to term Pagan Architecture ; nor is there anything
essentially Christian in the Gothic style, though it lias been chiefly
employed on ecclesiastical structures. As Mr. Petit pertinently re-
marks, had St. Paul succeeded in converting the Athenians, no one
can suppose that they would have constructed their churches in
ttiis style. In the modem Greek church it has never been em-
ployed. Among Protestants it was almost equally unused before
the Gothic revival which dates little more than a quarter of a century
liock : the fall of the true Mediieval Gothic has indeed been by its

more ardent admirera attributed to the growth of the I'rotestant
spirit. It cannot be consistently styled Christian, if even Roman
Catholicism be taken as the exclusive type of Christianity, for in Rome
itself, the very heart and centre of Catholicism, it has notoriously never
obtained a footing. The term Christian Architecture is indeed la
inaccurate as it is affected and sectarian. Nor can ^the term Pointed
Architecture be admitted as a desirable substitute for Gothic,—though
(arched being undarstood) it is sufficiently significant of its ultimate
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development. But Gothic architecture is now generally felt to be

imduly restricted when it ia confined to that branch of it characterised

by the pointed arch. Gothic architectiu^, in fact, comprehends two
great branches—Round-Arched Gothic, known as Romanesque, and

Pointed-Arched, or that to which the term Gothic is popularly re-

stricted.

The old vexed question of the origin of Gothic architecture, and of

the pointed arch, its assumed characteristic, loses much of its signifi-

cance under the view of its history now gaining general acceptance.

Gothic architecture it is seen in reality traces back its petligree to the

architecture of the ancient Romans. As the empire became consolidated,

a style of architecture differing more and more from that of Greece was
developed. Its distinctive feature was that of the semi-circular arch, as

that of Greece was the horizontal beam. Until the utter ruin of

Roman nationality and civilisation, the arcuated as opposed to the

trabeated mode of construction continued to be practised. When the

nations which had formed a part of the Western Empire began to

emerge from the gloom which overshadowed them after its fall, the

churches they erected were imitations, however poor and feeble, of

the basilicas of ancient Rome. Gradually those features of the build-

ings, whether constructive or ornamental, which go to make up what
in the aggregate is called a style, diverged farther and farther from the

ancient models, and there was evolve<l what^ from its evidently derived,

though ultimately independent character, has been designated the

Romanesque. In Italy, and the south of Europe generally, this style

continued to retain more resemblance to the original, whilst north and
west, where in fact the Germanic races prevailed, it underwent exten-

sive and comparatively rapid changes. Hence some writers would
retain the name Romanesque for the architecture of the nations of

Roman parentage, assigning that of Round-arched Gothic to the early

architecture of the German races.* But this ethnological distinction

scarcely holds with sufficient tenacity to make it the basis of a separate

classification. The simpler and better course seems to be, to regard all

the round-arched styles of Mediaeval date, as Romanesque ; the so-

called Lombardic, Norman, &c., being merely national varieties of a

normal type. That form, which the divergence from the Roman type

assumed in the Eastern Empire, is a wholly distinct tiling, and, for

the reasons assigned imder BvZANTrNE ARoniTEcruBli, fully entitled to

be regarded as a separate and independent style.

Thus, then, we take as the gtartingiwint in the history of Qotliic

architectiu-e the formation of the Romanesque style ; but to speak of

its full development, its distinctive features, and rcsthetic character,

and to notice ever so cursorily the phases it assumed in difierent

countries, would swell this article to a very inconvenient length. We
shall defer, therefore, a general notice of the round-arched branch of

Gothic architecture to the article RoiiANESQnE Arcbitecture, and a

more particular notice of that section of it which we are familiar with
in cathedrals and churches of our own country to the heading Norhak
Abchitectcre ; and here confine our attention to Pointed Gothic
Architecture, and especially to English Pointed Gothic.

The question of the origin of pointed architecture, as springing from
the invention of the pointed arch, or arch of two centres, was formerly

eagerly debated by writers on Gothic architecture. That such dis-

cussions were based on an erroneous assumption, we have seen in the

article Arch. The pointed arch was known and used long before its

adoption by the Gothic architects. Its employment was forcetl on
thciii by constructive reciuiremcnts, either in order to overcome the

difficulties arising out of the necessity of vaulting over large and
variously formed spaces, as Ware, WhewfeU, and other able writers

think, or, according to the views of Mr. Scott, in order to get rid of

the powerful outward thrust of a round arch of large span, or heavily

loaded. Be, however, the original inducement to its use what it may,
its introduction was the commencement of an entire change in the
character of Gothic architecture wherever that style was practise<l.

The poiiitefl arch and arched vaulting became, in fact, the prime priu-

(nple of Gothic construction. Here, therefore, it may not lie improper
to explain the dift'erent kinds of pointed arch, which are such that the
style named from it contains in that respect, owing to its being struck
from two centres, a source of variety unknown to any other ; for the
single-centred, or round-headed one, can be varied only by making it

more or leas than an exact semicircle, in which former case it approaches
the hone-shoe curve, and in the Utter becomes a segmental or scheme-
arch. But arches struck from two centres, and therefore pointed by
the two curves meeting each other, may be of various degrees of acute-
ness, and exhibit great difference as to the proportion which the chord
or span of the arch bears to a vertical line drawn from it to the vertex
or crown. In the semicircular or one-centred arch the span is inva-
riably e<jual to double the radius, or line drawn from the centre to the
iutfados, or curve bounding the aperture ; but in the narrow acute
lancet-arch, which is extra-centred (that is, is struck from centres on
the outside of the arch), the span is less ibaa the radius, and the arch
itself consequently narrow .ind tall, and more or leas so in proportion as
the distance between the centres is increased or diminished. In the
equilateral arch, sometimes distinguished as that characteristic of pure
Gothic, the centres coincide with the extremities of the span, which is

e<jual to the radius, so that the chord and the two lines drawn from the
centres to the vertex form an equilateral triangle. This species of arch
is called by the Italian* tiie Mtfo acnto, because the lines just mentioned

are equal to the radius, or one side of a hexagon described vrithin a

circle struck by it. When the radius is less than the span,—or, iu

other words, the centres are on the span itself,^the arch becomes an
obtuse-pointed one ; and it is hardly necessary to observe, that the

arch becomes more obtuse in proportion as the centres are brought
nearer each other ; for were they to unite, the arch would become a
single-centred and semicircular one. All these varieties may occur in

the same example ; because, if the mouldings be very numerous, and
occupy a great space, as is frequently the case in doorways, being all

concentric, some of the curves will describe mner-centred or obtuse,

others extra centred or acute arches, as may be j»rceived by this

diagram, which, omitting the intermediate mouldings, will serve to

exemplify the several varieties of the two-centred arch above defined.

The centres in the intermediate figure (b) being at c c respectively,

and the line joining cc being also the chord or span, B is an equilateral

arch : a and c are respectively obtuse and acute arches, the centres in

the arch a being on the span, and in c being without it, as above
explained. The four-centred arch, so prevalent in our later or Perpen-
dicular Gothic as to be almost characteristic of it, is, on the contrary,

struck from two centres on each side, one on the span of the arch, and
the other below it, as will afterwards be explaine<l.

Pointed Gothic, as a distinct style, dates from near the close of the
12th century. Mr. Hope, in liis ' History of Architecture,' with many
of the older Continental as well as English writers on Gothic, considers

the pointe<l style to have originated in Germany, but its birthplace is

now more commonly admitted to be France. Some have indeed sought
to identify its origin with Suger, the famous church-building abbot of

St. Denis ; but this ia at least doubtful. All that can with safety be
asserted is, that at this time France was the great centre of eccle-

siastical architecture, and that from her proceeded those new principles

which were eagerly adopte<l by the architects of other countries. But
the application of the pointed arch was not a sudden thought. For a
long time there had been a growing approximation towards those
characteristics of which the pointed arch permitted the full expression.

In the qu.-ulripartite vaulting of Romanesque crypts we see the first

application of tliat system of vaulting which assumed its full import-

ance in the pointed style ; and pointed arches not infrequently occur
along with semicircular ones in the Later examples of Romanesque, of

what has been called the Transition style. But, iu fact, Gothic archi-

tecture was always in a transition state ; and it should be borne in

mind when any particular style or form of Gothic is spoken of, that

the subdivision into styles, classes, or periods, is merely a m.itter of

convenience. Gothic classification has been dwelt on with very need-

less emphasis in this country. It has been attempted to define, not
only the broad divisions, but the minor subdivisions, .and to separate

each by a distinct date of origin and termination. Now nothing is

more certain than that, during the whole period when Gothic archi-

tecture was practised, there w.is a continuous course of motlification,

change, or transition, and that in some places the change advanced
much farther and more rapidly than at others. The true Gothic

architects seem never to have cared much for precedent. Those who
had advanced far in constructing a cathedral on the old round-arched

type, at the introduction of the pointed arch, without hesitation availed

themselves of it in completing their building. If a church of early

pointed date had subsequently to be altered or enlarged, they made
the new part in the style of their own day, not of that of the builders

of the church. Hence we see everywhere a comparatively brief period

during which a particular recognised style of Gothic was praotiaed

with only such variation as may be readily accounted for by the

individuality of the designer, the necessities of the locality, and the

like ; but, then, on both sides of that middle period there is an admix-

ture more or loss marked of the characteristics of the style which is

])aasing away, or of that which is ,as yet only thus foreshadowed.

Thus, with tlie period before us, we may see in our own country

pointed Gothic arches, and other traces of the coming style, very
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iMtmetirely intermingled with Normaa ronnd arobM, ftc, in i»rtii of

GhBtarbttry C.ith«dral, the eart and of Chioheiter «ntl th« choir of

Uneotn cathedrals, pitito of the fine abbey ohurehea of St. Albans,

Ohatoobury, and Malmeabury, and in MTeral other of our oathedrala

and larger pariah churehea ; and in France in Cbartrea Cathedral, the

abbey of Fontenay, Uie churches of Pontigny, St Germer, and ninny

others, and notably in those of Central France. And in speaking of

these French churches, it deserves, to lie noticed, that this tnuisiUonal

style, in which the diaraoteristics of the Romanesque and the Pointed

are so intimately blended, did, in fact, continue iU existence through

Central France; Lorraine, and elsewhere almost to the end of the 13th

century,—in other words, during nearly the whole range of the early

pointed style. (De Caumont, ' Bulletin Monumental,' and ' Architecture

The nomenclature and chronology of the styles of pointed Gothic

goneially accepted in this country, arc those proposed by the htc Mr.

pj«tm«n in his ' Attempt to Discriminate the Styles of Architecture

in Bnriand.' Taking the Anglo.Sazon and Norman as pre-Gothic divi-

doiM,lM reduced the classes of GoUiic proper to three : Earbi Englith,

which prerailed from the end of the reign of Henry II. to Uie end of

that of Edward L, or from 1189 to 1307 ; Deeoraled EngUA, from the

beginning of the reign of Richard I. to the end of that of EMward III.,

or from 1807 to 1877 : and Ptrpendinilar Englith, from the beginning

of the reign of Richard II. to the end of that of Henry VIII., or from

1377 to 1546. His arrangement was doubtless an improvement, be-

cause a simplification of tiioae which preceded it ; but though seem-

ingly specific it i« really deficient both in precision and accuracy. The
tenuH Early English, Deooitkted, and Perpendicular, are formed on no

common principle. If Early English were a good title, some other

terms referring to time should have been combined for the later

periotls. Decorated is in itself apt enough for the second style by way
of coiiiparision with the style which preceded it, but most unapt aa

cominred with its successor. So, again, Perpendioiilar seems suffi-

ciently distinctive when the window tracery and panelling of the

style are regarded, but it is characteristic of little beyond those features

:

the extension of the term to the end of the reign of Henry VIII. is

generally given up. Later wTiters (as Mr. Sharpe) have proposed a

geometric-U arrangement :—Z«h«( (1190—1245), <;«»nrfrica/ (1245—

1815), CumliHcar (1315—1360), Rertitinear (1360—1550); or (as

Messrs. Oarbett and Kergusson) a chronological one : - Plantagonet,

£dwardi.in, Tudor; which have at least the merit of defining by

sharply marked outlines. Another classification has however been

proposed, which has the opposite merit of being leas rigid in its

boundarieo, while it is not less explicit in expression. It is that of

Knt PohUcd, Second (or MUldlt) Pointed, and Third Pointed ; corro-

pooding generally to the Early English, Decorated, and Perpendicular

of Rickman. This, some of the more systematic of its partisans Iiave

again subdivided and formiUarised ; but if it be taken as a mere con-

venient form of expression, it will, wo believe, be found superior for

all practiced purposes to any other. Continental writers very generally

speak of the Gothic of the 13th, 14th, or 15th century ; and as it

fortunately happens that the styles prevalent during those centuries

are well marked varieties, this mode of speech is a very good one.

But in France at least (and with French Gothic our own is nearly

cognate as well as synchronous) the terms Of/iml Primilif, O'jival

Seamdairt, and Oyival Tertiaire, are recognised definitions ; and with

them our own First, Second, and Third Pointed Gothic would exactly

correspond, if we understood that those terms were merely convenient

expressions for the Gothic of the 13th, 14th, and I5th centiu-ies re-

spectively. In fact, whatever classificition be adopted, there seems a

general inclination to make these centuries its chronological basis.

Without therefore venturing to iliscard Uickman's terminology, we
may now say tliat Early English, or First Pointed, may be taken to

stand for the architecture oi the 13th century; Decorate<l, or Second

Pointed, for that of the 14tb; and Perpendicular, or Third Pointed,

for that of the 15th : it being clearly understood that neither style

was really circumscribed within strict dates.

The E.wly English, or First Puintotl style, ha<l arrived at its full

ilcvelopment in the early part of tlie 13th century. Characteristic

contemporaneous examples in England and France are the cathedrals

of SUisbury and Amiens, commenced respectively about the year 1219.

In both of these the round arch and maadTe columns of the preceding

stylo have quite disappeared. The buildings are lighter, loftier, more
graceful in their proportions, more beautiful aa a whole, more finishe<l

in the details, distinguished by vertical rather than horizontal lines,

and cihihiting a great advance in constructive power. In them, as

Mr. Fcrgusson points out, are shown what continued to be character-

istic points of cfifference between English and French cathedrals : the

English showing greater length in proportion to width, less altitude,

square instead of apsidal terminations, and more restraint in the oma-
menial details. Turning to the broad distinctiva forms and details of

the style as shown in English buildings, we observe that at first the

aroh was exceedingly acute, and oni]ili>ycd chiefiy where small span

was required, as in windows, which at first consisted of a single aper-

ture, then of two, either distinct, with a narrow space or ]iicr between

them, or oombinc<l together by means of a central pillar. This led to

similar grouping of three apertures, the centre one of which rose higher

tlian the oUiers, and also to the practice of enclosing them within a

larger arch, the s]>ace between which and the leaaer ones was filled up
wiUi a circular arch, whereby the whole acquired not only greater

variety, but that archit«otural distinctoaaa and completeness of form
in which the earlier kind of double-window was deficient on account

of its outline sinking instesd of rising in the centre, and it looking

merely like two arches belonging to an extensive range. These grsda-

tions m the oompoaitiona will be clearly uoderatood from the subjoined

York. Westminster.

figures, tlic first and third of which ai-e si>eelmens from York Cathedral,

the second from Winchester, and the fourth from Westminster .\bbey :

the mode shown in the list evidently led the w.iy to that of decorating

the window-head, by dividing it into smaller and more varied compart-

ments of ornaiiicnt.'d panelling, which, whether perforated or not, is

known by the general term of tracery, and constitutes a species of

ombellislunent predominating in all the varieties of Pointed Gothic,

and likewise in all the difiurent national schools of it.

In the firat class of our own First Pointed, or E^ly English, the

openings of the windows are lancet-headed, and not only narrow but
tall ; that is, the iwrt below the spring of the arch is very long in

proportion to its width, a circumstance totally independent of the

form of the arch itself, and therefore affording the greater scope for

variety. In fact, we behold a striking difference in respect to propor-

tions exemplified in the doorways of the same period ; for although

similar as to general character, and frequenUy, like the later <louble-

window above represented, consisting of two arches divided by a central

pillar, either single or clu»tcre<I, with a circular conipiiitmont al)ove

them in the larger arch-head, the height from the ground to the

springing of the arch is sometimes even much less than the width of

the whole design, and not much more than double that of the smaller

arches. The receding sides, or splays, of such doorways were as deep
as those in Uie Norman style, and enriched with columns ; and the

dripstone, or hood moulding (for it is variously termed, and is the

only moulding projecting from the wall, as all the others receded

witiun its surface), not unfrequently rested upon can'ed heads. Instead

of being placed upon pillars or cylindric piers, as in the Norman style,

the pier-arches (so called in order to distinguish them from arches

introduced in widla), which are mostly lancet ones, are placed upon
pien with shafts attached to them, so as to give the whole a clustering

form ; but there is so much variety, both as to plan and the enrich-

ment of capitals and other details, as tO render it impossible to enter

into particulars without numerous explanatory drawings from different

examples. The buttresses have greater projection than the jiarts which
appear to answer to them in Norman architecture. They are also

narrower, and some of them are divided into two or more stages by
set-offs, or horizontal splays, reducing the projection from the wall at

every stage. Flying buttresses were now first intnxluced [BcTTnESs].

Gargoyles ^Iso first .ipi>eared at this period both in France and Eng-
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land [Garqotle], and were a part of the system now fully recognised

of making even the inferior accessory features ornamental. The
columns frequently consisted of a thick central pier smrounded by
slender detached shafts ; but clustered columns introduced during the

transition period became general. Capitals were generally bell-shaped
;

with a round or octagonaJ abacus. The foliage on capitals and else-

where was frequently a close imitation of local plants and flowers ; and
floral ornamentation became much more general. The mouldings are

in the earlier examples often Norman or transitional in character, in

the later Decorated ; but those distinctive of the style are round or

pointed, with very deep hollows and variously filleted. (See examples
in Paley's ' Gothic Mouldings.') String-courses and labels were much
more extensive and continuous than in the previous style. The mode
of wall ornament called diapering was now first employed. The
statuary and carving generally became much more artistic during the
continuance of this style; and indeed nothing can in its way well
exceed the richness and beauty of that of the east front of Ely, and
the west front of Wells, cathedrals.

The use of groined vaults, pointed arched windows, and flying

buttreaseg permitted the construction of walls of a less massive
character than those of Norman date, and the carrjTng them up to a

greater height. Spires were likewise built of a much greater altitude,

and many of them are of an exceedingly elegant outline. Roofs were
generally acute in pitch; and of open wood-work as well as stone
vaulted. Parapets were generally plain. The characteristics of the
painte<1 glass of the windows of this and the two succeeding styles

e indicated elsewhere. [Glass Paisti.no.]

I

Choir, SialUbarjr Cathedral.

The most perfect English example of the First Pointed style ia

Salisbury Cathedral, which was V>egtm by Bishop Poore about 1219, and
finished about 1260— being therefore wLit is so rarely seen, a cathedral
completed wholly in one style, and uniform in chanicter throughout.
Lincoln Cathetlral, though not throughout First Pointed, is a noble
example of the style. The nave and transept of Westminster Abbey
afford another important example, the more noteworthy because
pomeniiig even more of the French than the English | First Pointed
character. Ely, Peterborough, Wells and Worcester, the cast end of
Winchester, the lady chapel Hereford, and York Minster, especially the
unrivalle<l five-sister lancet windows. Uii)on and Beverley minster, and
the Temple church may be citcil as among the important examples of
the style; but the list might be greatly extended, especially by the
addition of numerous parish churches.

In France, characteristic examples are the cathedrals of Sens,
Amiens, Reims, Notre Dame de Paris, St. Di^nis, Bayeux, Chartres
(th» nave) ; the abbey of Fontenay ; the Stc. Chapelle at Paris ; the
churches of Pontigny, Tr<<viere, Calvados, St. Germer, &c. Germany
posaeaaea a very interesting and beautiful specimen of the same style
and period in the church of St. Elizabeth at Marburg, which is nearly
contemporary with the cathedrals of Salisbury and Amiens, having
been ctinstrncted between the years 1235 and 1283. It is fully des-
cribed by Muller in his work on German-Gothic architecture, where
it is illiurtrsted by eighteen pl.ites ; and an elevation of its west front
forms the frontispiece to the translation of Moller's text by Mr. W. H.
Leeds. The cathedral of Magdeburg, another very fine example.

shows more decidedly the influence of the French taste, an influence
which strongly aflected the course of German-Gothic. The choir of

Cologne Cathedral (about 1270-1322) belongs to this style. Freyburg
(1283-1330) is an example of the tendency of German-Gothic towards
extravagance of ornamentation, with, iu the open-work spire, &c.,

excessive lightness. The nave of Strasburg cathedral, Altenburg, and
many other German chiu'ches, are of this period.

The transition from the First Pointed, or Early English, to the
Second Pointed, or Decorated style, was made by almost imperceptible
steps. The diriding line is variously drawn between 1270 and 1307 :

as for its termination, some one or other year somewhat anterior to

1379 is usually assigned ; but as we have said, it is safer, and suffi-

ciently precise, to regard the Second Pointed as the style of the
14th century, remembering that towards the close of that century
some important buildings of unquestionably Thiid Pointed character

were erected.

As compared with those of the First Pointed, the churches of this

period are distinguished by much greater richness of ornamentation,
but in its development English architects seem to have been restrained

by marked sobriety of taste as compared with those of Fi'anee and
Germany. In England Gothic architecture must be regarded as ha\'ing

reached its most perfect form during this period : the succeeding

period was one of decline. In France and Germany there was already

some loss of ptirity, though the full flow of extravagance and debase-

ment did not occur tiE the next century. As in the previous style, the
windows and vaulting are the distinguishing features. There was little

difference in the arrangements of the buUdings, except perhajw that

symbolism was more regarded. The vaulting is more subdivided into

cells than that of the previous period, by the addition of intermediate

ribs intersecting each other so as to produce a kind of tracery con-

sisting of stars and other figures whereby much variety and richness

are obtained. Richly carved bosses occur also at the intersections of

the ribs. Some of these groined roofs are very beautiful ; those of

choirs are generally more elaborate than those of naves. Of the ojien

wooden roofs of this period, not many examples remain.
Of windows a no less instructive than beautiful transition illustration

is aflbrded by those of York Chapter-house, where we distinctly behold
the progress to more complex geonjetrical tracery. The arch of the

window is still of the lancet form, and highly pointed, being extra-

centred about two-thirds of it« span; and the increased degiee of

enrichment is produced, not by the introduction of new elements, but
by repeating and combining those previously in use. Thus the foliated

or cusped circle continued to be the chief member decorating the head
of the window, being merely tripled in number, an arr.tngement which

From York Chaptcr-honse.

accords beautifully with the triangular outling of the space so occupied
;

at the same time that these circular divisions contrast agreeably with
the acute fom\ of the arch, and soften its asperity. In like manner the
multiplied divisions in the lower part of the window are produced by
merely putting together two arched compartments with circles in their

heads, similar to the example already given from Westminster, with a
narrower one between them ; thus forming the whole lower space into

five narrow compartments, each of which has its own arch. In these

lesser arches, which are simply cusped, and so far dill'er from those in

the first example, we see the commencement of trefoil and cinquefoil

ones; while in their shsifts we plainly recognise mullions, which were
afterwards of gener.al application, either of uniform dimensions, or, in

larger windows, consisting of principal and secondary ones. When the
arch became equilateral, or nearly so, the tracery also assumed a

different character, becoming of that kind which is called geometrical,

and consisting of more varied forms and patterns, produce<l by circles,

portions of circles, and other curves, enriched with cusps, dividing the
spaces into foils. Of such windows we give exiimples from one at

Exeter, and another at Kirton Church, Lincolnshire. This distinction

between tracery by geometrical figures (circles, triangles, &e.) as shown
in the first of the.se examples, and that formed by flowing curves as in

the second, is observed throughout the window tracery of the earlier

and later parts of the Second Pointed style : hence it has been proposed

to Bulxlividc it into the Geometrical and Curvilinear, or Geometrical and
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Cooiplcis Middle Pointed; the diridiiig line being wiously fixed

•bout 1315 and 1S80.

^n"n"i

'^if^iA

IT
Exeter. Kirtoa.

In the flnt o{ the exuuplea given above, the pattern ia •formed

chiefly bj a sinKle large circle subdivided into three apherical trianglea

sixfniled, and three leaser ones trefoiled ; to which minutiio we oall

attention in order that the reader may he led to examine the figure

attentiTaly, and thereby learn, witliout further explanation, what ia

meant by thoie termi, and by follt and ciu;>< generally. Ho will here

further ofaaerve that small shofta and capitals have given way to

mullions aa dividing the lig^ta, although retained at the sides of the

window. The other example differs from the one just spoken of, not

only in its traceiy, which is more playful and flowing, but in having
two orders'of mullions, that in the centre, or the principal mullion,

being thicker, and oompoaed of more mouldings than the secondary

ones. It deserves also to be remarked, that here the numlier of the

open spaces, or lights, as they are termed, is even, and that of the

mullions uneven ; whereas in the other and the preceding figure the

lights ore uneven, and the mullions even in number; a circumstance

quite independent of style, since either mode is followed according

as it beat suits the design for, and principal divisions of, the window-
head. Of what is called geometrical tracery numerous npecimens
occur in the rich west front of York Cathedral, finished about 1330.

As mullions began to be substituted for pillars or shafts in windows,
o too, both in the splays of doorways and in arch piers, columns
began to be incorporated with the main pier, or splay itself ; and in

mailer doorways the arch mouldings are frequently continued down
rertieally, without any indication of capital, or impost to the arches,

and die away, as it is termed, into a sloping surface, at a short distance

from the' ground. The extismal projecting mouldings of the arch,

called by some hood-mouldings, by •therB weather-mouldings, or drip-

stone, as serving to throw off the droppings of rain, usually rest on
corbels cut into the forma of heads. In man}' instances these hood-
mouldings, both of doors and windows, are sxirmountcd by other

mouldings, forming a kind of gable, distinguished by the name of

canopy. These canopies are generally enriched with crockets, small

leaf-like ornaments, placed at intervals on the outer edge, which were
first introduced, but used much more sparingly during the First Pointed
period. The pediment heads to the different stiges of buttresses are

often similarly decorated. In conformity with the rest, greater

Cathedral, with two other* belonging to the Second Pointed ityle,

the fint from St Karris, Oxford, the other from York.

Doorways of the Second Pointed style are in the more important

balld^gi often very richly soulptnred. The ahafta are thin, the capi-

tals have the characteristic freely-carved foliage; the jambs are ilnished

with croeketed oaoo|ues, and small statues oocupy narrow niches;

the mouldings srs eariehed with baU-flowerB, foliage, &e.; the weather-

moulding is supported by oorbela carved as heads, or by bosses of

foliage, and is tenninatc<l by a finial ; and where the oneiiing is wide it

ia sometimes divided by clustered shafts, as at the muster house of

York minster. Some of the earlier doorways are narrow, and resemble

those of the First Pointed period, but are less deeply raoessed,—a dis-

tinction maintained throughout the period. Stone porches are not

infrequent ; they are often large, richly sculptured, and in soma
Instances have a room over them. The buttresses of this style ar*

much more varied than in tlio First Pointed ; flying buttresses are

frequent, and of excellent outline and proportions. Parapets are either

pierced or panelled, and sometimes embattled. Columns are in the

plainer churches cylindrical or octagonal ; but in these of a BU]>erior olaas

they consist of clustered half or three-quarter cylindrical attached shafts,

sometimes set lozenge-wise on the plan. Their bases are somewhat
peculiar ; in plan they sometimes differ from the shafts, and they are

formed by a series of mouldings. The capitals usually, but not inva-

riably, agree with the form of the shafts, and have fillet ogee or other

cap-mouTdings. In larger churches the capitals are enriched with

foliage, sharply and often admirably carved, and sometimes seemingly

direct from noture. The abacus is leas prominent than in First Pointed

capitils. Mouldings are very varied, and introduced with great effect,

but it is quite impossible to particularise them. They will bo found

amply described and illustrated in Mr. Paley's ' Oothio Mouldings,' and

other works which treat of the details of Gothic architecture. As a

useful generalisation,—not to be received as an invariable law,—we
may quote Mr. Paley's broad discrimination of the mouldings of the

three periods: "It may be stated aa a principle, that First Pointo<l

mouldings exhibit a predominance of concave, Middle Pointed of

convex. Third Pointed of sharp-edged members." As characteristic

examples of this style may be mentioned the choir of Lincoln cathedral

(1324); the nave and the west front of York Minster (completed 1330);

the Udy chapel and choir of Ely
;
parts of Lichfield, Bristol, Worcester,

Winchester, Norwich, Wells, Canterbury, and Carlisle cathedrals ; the

magnificent parish churches of Orantham, Boston, and Heckington,

in Lincolnshire ; Hingham, Norfolk ; Howden, Yorkshire ; Dorchester

;

Adderbury, Stanton-Harcourt, and Bloxham, Oxfordaliire ; Trumping-

ton, Cambridgeshire ; several of the churches of Northamptonshire

;

and many others to be found in every part of the country.

In Franoeiasin England, the (Jothic of the 14th century (Ogival

secondaire) is distinguished from that of the 13th chiefly by an increase

of sCTilptural ornamentation, the introduction of more elaborate window

tracery, greater lightness and veuturesomeness of oontitruction, and

oltogether a greater solicitude for splendour of effect. But whilst in

England this tendency was kept in check by sound judgment and gnat
sobriety of taste, in France the architects permitted themselves to run

into excess j and, despite their surpassing splendour and picturesque-

ness, even their best buildings exhibit a decline from the high standard

of the preceding century. Among the more remarkable examples of

this period are the churches of St Ouen, Rouen, and St. Laurent au

Puy, and parts of the cathedrals of Rouen, Tours, Amiens, Paris,

Bayeux, Poitiers, Nevers, Narbonne, 4o.

In order to exhibit the progress from this to the ThU^ Pointed style,

we give two tnansition specimens of windows from York choir, the

first decidedly of a transition choracter.

ornament was likewise bestowed upon pinnacles, »* will be seen
on comparing a specimen of First Pointed character, from Wells

I If R
In both the arches of the windows are those of the preceding styles,

in the first being extra-centred, in the second squiUteral. But the
tracery here begins to assume some of that compactness and square-
ness which is so cluiracteristio of the after-period. Upright lines or
shorter mullions are introduced into the window-head, some in con-
tinuation of those below, others rising from the points of the arches
which form the heads of the lower compartments ; so that if we wished
to express this circumstance by a single term we might employ the
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epithet iuper-mulUoned, as indicating that the upper divisions of the

windows have muUions rising from the arches of the lower ones.

These two examples will furUier be useful, the first as supplying an
example of crochets on the outer arch-moulding, and of &finial on its

apex ; the other as an instance in point, as respects what we have said

of very acute arches being included in the tracery to windows whose
arches are equilateral, or even much lower ; for those which form the

heads of the two compartments, each comprising two lights on either

side of the centre one, are highly pointed, being extra-centred, and
their height equal to \\ their span.

Of the Third Pointed, or Perpendicular, style, which may for con-

venience' sake be dated from 1400, and considered that of the 15th
century, we must repeat that although the name Perpendicular, first

bestowed on it by Rickman, and since very commonly adopted, appears
to be tolerably correct in some respects, it is objectionable, and indeed
misleading, in others ; because, if " the mullions of windows and the
ornamental panellings run in perpendicular lines," it is no less obvious
that the numerous transoms, square-headed labels to doorways, and
ornamental string-courses and cornices, produce as many horizontal

ones ; consequently Horizontal would be an equally appropriate tenn

;

perhaps even the more appropriate of the two, since the mullions thus
crossed by transoms do not exhibit that prevalence of perpendicular

lines which mullions alone, or slender columns do. The same may be
said in regard to labelled doorways, Ac., where the pointed character
produced by the arch in a gre.it measure loses itself, and is exchanged
for that marked by squareness of outline. Nay, in the later examples,
the very form of the arch itself shows a tendency to horizontality, by
becoming so flattened that the height is sometimes less than one-fourth
of the span (whereas in the equilateral arch it exceeds that measure).
Windows of this period are of two classes, two or four-centred ; the

former belong to the earlier, the others to the later half of the con-

tinuance of the style. What at once distinguishes Third Pointed
windows from those of the earlier styles, is the vertical bearing of the

mullions. In First and Second Pointed examples the mullions diverge

in the head of the windows into curves or flowing lines : in the Tliird

Pointed they are carried straight up till they cut the enclosing arch,

while smaller divergent and upright mullions and transoms divide the
head into smaller arched and panel-like compartments. In some of

the richer examples the transoms are eriJxiUUJ, or indented by being
cut into small battlements. As to the variety displayed in the tracery

of the window*, it is quite impossible to describe it, since almost every
specimen exhibits a different pattern ; its general character may how-
ever be understood from the second of the examples above given from
York Cathedral. The depre88e<l or four-centred arch is bo character-

istic of the latter iwrtion of this period, t)iat a few words may be well

devoted to a more particular notice of it. By the annexed diagram it

/

will be seen that the niperior centres, c <r, for the shorter radii de-
scribing the two quadrants at the spring of the arch, are upon the
sp.inline lUelf

; and the two inferior centres, c c, whose radii are in
continuation of the others, describe the remaining curves meeting at
the vertex of the arch. This compound form admit* of great diversity,
according to the proportion the shorter and longer radii bear to each
other or in other words, according as the centres arc fixed. In order
to cxhiVjit at the same time a comparison of this kind of areh, both
with the semicircular and the varieties of the two-centred one we have
enclosed it within dotted Imes, representing the others in succession
above it, by which it wiU be apparent that if the span be the same,
the extra-centred or hmcet arch wUl be the highest, next to that the
other two-centred arches, then the semicircular one, and lastly the
compound or four-centred arch. But if, on the contrary, they were .ill
made equal in height, the order of precedency would then be reversed
for the four-centred one would be the widest, and the lancet the
narrowest, as haa already been partially exemplified in a preceding
diagram. Examples of this comi>ound arch occur in French buildings

of the latter part of the 15th century, but so rarely that it may be
regarded as almost peculiar to England. From its frequent occuiTcnce

in the buildings of the close of the 15th and first half of the 16th cen-

tury, it is commonly known as the Tudor arch.

Of Doorways the outline became square, owing to the arch being
inclosed within mouldings forming what is called a label, which gene-

rally termin.ited at the spring of the arch, where it either rested upon
corbels in the form of shields or heads, or was else bent and returned
horizontally for about double the breadth of the other mouldings.

The triangular spaces or spandrels thus formed between the curved
mouldings of the arch and the square ones of the label are mostly
filled up with quatrefoil circles or other decoration. In the krger
and richer kind of doorways, as in the porch of King's College Chapel,

Cambridge, the spandrels are greatly enlarged by the head of the

square panel or compartment in which the arch is placed being carried

up much higher. In this example there is an ogee canopy formed by
what are caUed mouldings of contrary Jtexurt ; and this is crocketed

Doorway, King's College Chapel, Cambridge.

and sunnounted by a finiah Although this specimen, which has been
selectedaaa beautiful instance of the Third Pointed style,does not exhibit
the four-centred, or compound arch, it should be remarked that the
latter characterises the other parts of the edifice. In the architraves
or mouldings along the sides of doors and windows there are generally
one or more large hollows, which may be taken as one of the marks of
this style.

Although they have not labels, both windows and pier arches are
not unfrequently treated somewhat similarly, being placed within
square-headed comp,irtment8, whose spandrels are filled up with
tracery resembling that of the window; which practice, no doubt,
afterwards led to that of square-headed windows, by perforating the
whole compartment, and nuking the spandrels part of the window
itself. Windows placed within compartments, with spandrels of blank
tracery, may be seen in the clerestory of Henry VII.'s chapel.

Hitherto we have spoken chiefly of arches and windows, but wo
must now briefly advert to the roof, at least to one species of vaulting
used for it, peculiar to the richer examples of this style, we mean that
consisting of fan-tracery, so railed from the numerous small ribs or
mouldings spreading out from the spring of the gioining as from a
stem, and radiating so as to describe a semicircle, the fan on one side
meeting thiit on the other, in tho centre of tlie vaulting ; whereby a
spandrel with four convex curves for its sides is left between two
opposite pairs, and this space is either filled with traceiy arranged so
as to form a circle, or else is occupied by what is called a fan-pendent,
similar to the other fans, except that its base on the ceiling is an entire

circle instead of a semicircle. Of fan-groining with enriched spandrels
only, the cloisters of St. Stephen's chapel, Westminster, ofl'ered a
beautiful example ; and of that with pendents, tho ch.apels of King's
College, Cambridge, .ind Henry VII,, Westminster. The two struc-

tures just mentionc<l and St. George's chapel, Windsor, are in every
respect perfect examples of this style, being of uniform design through-
out, without intermixture of any other. Examples of the plainer

vaulted roofs occur in the nave of Winchester cathedial, the nave and
choir at Norwich, the choirs of Gloucester and Oxjford, and the
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BtMidump otupel, Warwick. The open woodeo nmfa of tliu period

an iU*o obanot«ri<tic, and lometuiMi estrvmaly floe : that of

W'o«timii«t49r Hall i* one of the most itriking. Bnuiilon'a ' U|>en

Timber Ro»fii of the Middle Agei.' 4to, 1849, nipplie* ample (lar-

ticuUra and iUiutratioos of them. Ucually the roofa of thia fieriod arc

of much lower pitch than Ukhw of the preceding atylea. The external

roofs of H'-n'T' th- V!l V n"<l K-ti^'ii CuUcgc chapeU, lor example

Henry VII.'b ChajKl, ^VcstIuin^tcr.

are 80 low in pitch as not to be viiiible from the ground, being con-
cealed by the elaborate pierced parapeta which crown the walls.

Theae pierced parapeU form a noticeable feature of the buildings of
this period, and often afford very graceful terminations to the struc-
ture ; but embattled parapets are also common.
A characteristic feature of this style is the panelling, or panel-work

tracery, formed like thatj of the windows by muUions and transoms,
with which both the internal and external walls are sometimes almost
entirely covered. Henry VIl.'s chapel, Westminster, affords a good
example of perpendicular panelling. Htone porches are now nume-
rous; they are often of large size, much enriched with panelling, and
canopied niches for statuary, and have handsome groined roofs ; the
eouth-westj ]x>rch of Canterbury cathedral. The south porches of
Gloucester cathedralj; St.;Nicholas chapel, Lyim ; Northleach church,
Gloucestershire; Addletliorpe church, Lincolnshire ; Burford church,
Oxfordshire ; and Oundlc, Northamptonshire, are rich and elegant
examples. The church towers during this pcrio<l are important and
characteristic. They are frequently very lofty and much enriched with
panelling. Perhaps the fuicst is that of Gloucester cathetlral, erected
about 14 15 ; it rises to a height of upwards of 200 feet in two stories,
has its Btu-face covered with panelling, and i» crowue<l with fotu-

pinnacles at the angles, of extremely light and elegant design. Two
celebrated towers of this date were those of Doncajiter church, now
repUced by a recently erected one of a different character, and of St.
Maty's, Taunton, now in course of restoration. Several other west
country towers, as 8L Stephen's, Bristol ; Cirencester, Glastonbury, &c.
are fine examples of the style. One of the best towers of late date is that
of Magdalen College, Oxford. The towers are not usually surmounted
with mires, but there are many spire* of this date, and some are of a
very eubarate and ornamental character; that of St. Nicholas, New-
castle, is a well-known instance. The buttresses, both of the ordinary
kind and flying buttreasei, are often of remarkable projection and
highly enriched : some illustrations of them'are given imder Buttress.

In the later examples of the Third Pointed, there is a great excess
of ornament, and a constantly increasing deterioration of taste; But
ao long aa the Gothic spirit was retained, in fact till that debased style
commonly known as the Tudor was thoroughly established, the
English Third Pointed buildings were vastly superior to Uie con-
t«mporaneoiw Gothic edifices of the continent. As Mr. Willis observes
in his admirablu ' Keiiiarks on the Architecture of tlio MiiMlc Ages,'
"The Perpendicukr is our own, and heartily may wu congratulate
ourtelvea upon it, when we compare it with its siatcr styles of France
and Gemumy."

During iU later stages the Third Pointed architecture waa greatly
more extended, both in its uses and modifications, than the two
previous style*, having been applied to domestic aa wdl as eodeu

architecture; whereas we ore acquainted with the preoediag

tylM only aa it was employed in religious buildings ; for castellated

on« of the same periods have so litti- ... ....„.,non ,vjt|, dn, former,and
so very few features wherein the ^ at all I'xhil'itH itself, that

they must be considered as fonuin^ : class by Uicuiselres. In
the ornamented domestic arcliitecture u( the ISth and early part of the

16th centuries, we plainly perceive the same s^le as that of ecclesi-

astical building* applied to another class, where, although the parts are

on a imaUer scale and somewhat differently composed, the style of

detail and ornament is esBentially the name. WIulo some features,

such as doors and porches, are very little altered from those of churches,

others unknown to the latter chus of btiildiiigB, such as Iny-windows
and oriels, chimneys, &c., l>ecome highly cliaiiu.'t«ristic ami decorative

in this. But this domestic architecture only became fully developed

as the ecclesiastical was decaj-ing, and hence it i» generally ii|iokeu of as

'J'ttdor ArchUectun. In tlie reign of Henry Vlll. a clasxiu bins began

to gain ground in Engli-uid, as it had some time before spread through
the continent; and before it the Gothic spirit poled, and eventually

disappeared. At first a few, then gradually more uid more, of imit-itive

classic details were mingled with the native forms, mitil at lost resulted

th.tt style which in its essence corresponded to what on the continent

was knonn as the KenaI88a>°ce. Some few and feeble attempts were
m.'ulc to build in tlie Pointed style aa late as the 1 7th century, but they
oidy served to show how entirely the feeling fur what was characteristic

of it had departed.

Besides the buildings already referred to, the following may be
named as illuntrative ol the art of thiit period :—Winchester cathedral,

and New College, Oifonl, the work of William of Wykeham ; the nave
of liipon cathedral ; Chester cathedral, and |>arts of Canterbur)-, Bristol,

Worcester, Wells, and Oxford cathedrals ; the Divinity Schools, and
several of the colleges, of Oxfoixl and Cambridge ; St. Georges chapel,

A\'indaor; Eton College clui|>el; and KedcUffe (Bristol), Beverley,

Kotlierhara, Taunton, Cirencester, Stratford-upon-Avon, and a vast

luuuber of other parish churches.
The style Ogival Tertiaiie of France is chanuiterised even more thou

the English Third Pointed by excess of llorid ornamentation, which
went on increasing till the abandonment of the style for the Keuaisaauce,
in the Itith century. It differs in not being chai-acturised by the same
tendency to rectilineal lines ; though towards the close of the 15th
century, panelling, similar in character to the English, was often,

though leas profusely, employed. The characteristic window tracery

is of the lambent flame-like kind from which the style has received its

popular title—the PlamhoymU. The roof vaulting is ramified ; in later

examples the depressed arch is frequent in doonvays. Towers with
o|>en spires, often of a degree of lightness quite astonishing in stone-

work, are seen in churches of a superior class, as at Amiens. The
outline and surface are cut up by a crowd of carved foliiige, and all

kinds of \ieitj ornamentation ; but the carving, looked at alone, is often
admirably executed. Altogether the buildings show a marked loss of

grandeur and purity ; but many of them are triumphs of constructive

ingenuity. Their builders sought to excite the astonishment of the
S|)ectators, and they succeeded. Very fine examples of this style are

the chiuvhes of St Nisier at Lyon, Pont I'Evfique, Caudebec, Louvois,
the cathedral of St. Brieiix, &c.
The German architects of the ISth century ran into still greater

extravagances than the French ; but for notices of the later develop-

ments of German Gothic, as well as for that of the Netherlands
and Italy (a subject that has lately excited a good deal of attention),

we must refer to the works cited below. Here we shall merely add, by
way of conclusion, a brief summary of a few of the more prominent
distinctions between Grecian and Gothic architecture, as regards the
application of their resjiective elements. Qrecian : Coltunns and their

entablature are the chief sources of decoration, and limit the height of

the building, as a second order cannot with propriety be placed above
another. Oolitic: Columns subordinate members; never used except
to support arches, and in the latter styles are mere ornamental shafts

attached to piers. Grecian : Colonnades seldom employed except exter-

nally. OoUtic : Ranges of open iuxihcs applied only internally ; there

being nothing analogous to a Grecian portico, since porches have merely
an open arch in front, and when projecting from the building are closed

at the sides. Externally, open arcades are introduced only as upper
galleries, and those are of very rare occurrence ; or, as a cloister, not

projecting from but within the lower part of the building. Orectan :

Lofty pro[wrUons unattainable even in the largest edifices, because the

greater the number of columns the lower will the building i^pear in

comparison with its length or breadth. Outhic: No resteaint as to

loftiness, that not being regulated by ^vidth even of the whole front or

any of its parts. Grecian : The pitch of a pediment must be governed
by its span, since its height must in no case greatly exceed the depth

of the entablature ; consequently, the greater the number of columns
placed beneath it, the lower it must be, and the lower the |)roportions

of the whole front. Gothic : Gables may be of any pitch, just .is best

acconls.with constniction or the composition of the design. Orectan:

Little variety of form and proportions in doors or windows, or in

regard to their external moulclings ; the window itself a mere aperture,

without any architectural filling up. Oolitic : Both doorways and win-

dows very conspicuous features, admitting the utmost diversity, as well

in their forma and proportions as in the modes of decorating thum.
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Windows especially admit of innumerable combinations in regard to

their divisions and the ornamental tracery within their arched heads.

The same remark applies to the panelling of doors. Grecian : All

mouldings and other decorative members project from the face of the

wall. Gothic: All but what are termed weather-mouldings retire

within the face of the wall. Grecian: No splayed surfaces. Gothic:

Sloping or splayed surfaces, both horizontal and vertical, very preva-

lent ; in fact, windows and doors are universally placed Avithiii splays,

more or less deep, and enriched with various mouldings. Grecian

:

No concave mouldings or deep hollows. Gothic : Deep hollows of this

kind enter into almost every combination of mouldings, whether
horizontal or perpendicular.

The most iiseful general view of English Gothic for the ordinary

reader is Mr. Bloxam's excellent little volume, 'The Principles of

Gothic Ecclesiastical Architecture/ 10th ed., 1859. For French and
German Gothic, a similar survey will be afforded by De Caumont's
' Architecture Religieuse,' 3rd ed., 1854 ; and H. Otto's ' Handbuch der
Kirchlichen Kunst-Archseologie des DeutschenMittelalters,'3rded. 1854.

Mr. Fergusson's valuable ' Illustrated Handbook of Architecture' affords

a broad summary of the characteristics of all the schools of Gothic
architecture. Those who wish to carry their investigations deeper wUl
find great assistance in the following works, which, however, are but a
very few of the many elaborate works on mediaeval architecture pub-
lished within the last few years :—Gailhabaud, ' Monuments Anciens
et Mo<lerns,' and ' L'Architecture du Ve au XVI' Siecle,' 4to, 1851

;

Chapuy, ' Moyen Age Monumental ;

' L. Drouyn, ' Architecture au
Moyen Age ;

' Viollet le Due, ' Dictionnaire raisonn^ de I'Architecture

F"ran9aise du XI' au XVI* Sifecle
;

' Bourassd, ' tea Cathedrals de
France

;

' A. Lenoir, ' Architecture Monaatique ;' F. Stroobant, ' Monu-
ments d'Architecture, 4c., en Belgique,' 4to, 1852 ; J. L. Petit, ' Archi-
tectural Studies in France,' 1854; Whewell, 'Architectural Notes on
German Churches,' 3rd ed. ; G. Moller, ' Dcnkmiiler der Deutscben
ISaukunst' (fol.), the text published in England under the title of
' Memorials of German Gothic Architecture, translated by W. H. Leeds ;

'

G. G. Von Kallenbach, 'Atlas zur Geschichte der Deutsch-Mittelalter-

lichen Baukunst,' fol., 1847 ; Boisser^e, ' Denkmale der Baukunst vom
7ten bis zum 13ten Jahrhundert am Nieder Rhin,' fol., 1833 ; Springer,
' Die Baukuast des Chri-rtlichen Mittelalters,' 8vo, 1854; Gaily Knight,
' The Ecclesiastical Architecture of Italy

;

' Cresy and Taylor, ' Archi-
tectiu-e of the Middle Ages in Italy;' Street, 'Brick and Marble Archi-
tecture of Italy in the Middle Ages ;

' Ruskin, ' Seven Lamps of

Architecture," and ' Stones of Venice ; ' Wilhs, ' Remarks on the
Architecture of the Middle Ages ;

' A. F. Von Minutoli, ' Der Dom zu
Drontheim, imd die Mittelalterliche Christllche Baukunst der Scandi-
navischen Normannen,' fol., 1853 ; Brandon's ' Analysis of Gothic
Architecture ;

' Garbett's ' Rudimentary Treatise on Design
;

' and the
works of Rickman, Britton, Pugin, Paley, Sharpe, Freeman, £c., with
the illustrations of the cathedrals, Ik., by Carter, Winkles, Le
Keux, &c.

GOTHIC LANGUAGE. It is now generally admitted that the
Gothic language or languages is or are a branch of the Teutonic family.

(J. Grimm, ' Deutsche Grammatik,' and H. Meidinger, ' Vergleichendes
Etymologisches Wiirterbuch der (lothisch-Teutouisch MuniUirten,' 8vo.,

Fraukfort-on-the-Main, 1833.) The Altgotisch, or old Gothic, was the
language of the Goths who lived near the banks of the Lower Danube
in the 4th century, and for whom Ulfilas made a translation of th^
Gospels, of which the greater part exists in the silver book preserved
in the library of Upsala. [ABOENTtcs Codex.] Ulfilat was bishop
of those Goths who live<l in Mooeia in the time of the Emperor Valens,

and the language of his version has been styled Mocso-Gothic. He is

believed to have invented the characters employed in the version, and
which are formed, with slight variations, from the Greek and Latin
capitals. [Alfbabet.] This and a few other fragments, chie6y scrip-

tural, of about the same age, are all the remains of a language once
spoken by the West-Goths, or Visigoths of Spain, and the Eastern
Goths of Hungary and Italy. It had five vowels, and four dipthongs,
ai, au, ei, and iu ; and the conjugations were even more complete tlian

the present Swe<lish. Another branch of the Gothic or Gotho-
Teutonic language existed in Scandinavia, which German philologists
have called Altnordisch, or old Norse, and in which the ' Edda ' is

written, and which is sUll spoken with some variations iu Iceland, the
Faroe Islands and parts of Norway. (Meidinger). Out of this language
the modem Swedish, Danish, and Norwegian sprung. Inscriptions in

the old Norse, or Scandinavian Gothic, have been found in several
parts of Sweden, Denmark, and in the island of Gothlaml, in varioiw
characters different from those of UlfUas's Moeso-Gothic versions.
Bonaventura Vulcanius, the editor of Jomandes' ' De rebus Oeticis,'

published also an anonymous treatise on the Gothic language ;
' Com-

mentariolum Viri cujusdam duoti anonymi in Literas Qothicas,' with
specimens of the Mfnso-Gothio, old high Utmian, Anglo-Saxon, and other
old Teutonic dialects, followed by four different Scandinavian Gothic
alphabets collected from various inscriptions, and one of which is

similar to the one given by Magnus in his' Historia Gothorum Suoo-
numque,' b. i. ch. 7. The old Scandinavian, or Norse, or SuioGflthic,
is considered by Adelung as being a mixture of Gothic with the
language of the Sveones, the original inhabitants of the Scandinavian
peninsula, previous to the Gothic immigration, and the modem
Swedish, which is derived from the old Scandinavian, appears to have
ABT8 ASD SCI. DIV. VOL. IV.
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elements in it foreign to the Teutonic, though the Teutonic, or Gothic,

greatly prevails in both.

(Petersen, Det Daiiske, ^^orske, og Svensl'e Sproga Ifistorie, Copenha-
gen, 2 vols. 8vo., 1830.)

GOTHS, GOTHI, GOTHONES, a powerful northern nation who
acted an importiint part in the overthrow of the Roman empire.
Tacitus (' German.') mentions the Gothones as a German tribe, dwelling
between the Lygiaus and the Rugians and Lemovians, the last two
possessing the shores of the Baltic, while he considers the Gothini, who
lived in Southern Germany, as a tribe o{ Celts, or Gauls. Ptolemy
calls them Gothunes, considers them to be a Sarmatian tribe, and
places them south of the Wend^, and eastward of the Vistula.

About the middle of the 3rd century the Goths are recorded to

have crossed the Dniester and to have devastated Dacia and Thrace.

The emperor Deeius lost his life in opposing them in Moesia, a.d. 251,

after which his successor, Gallus, induced them by money to withdraw
again to their old dwellings on the Dniester. They then seem to have
spread eastwards, and to have occupied the country about the Cim-
merian Bosphorus, from whence they sailed across the Euxine, occu-

pied Trebisond, and ravaged Bithynia. In the year 269 they landed iu

Macedonia, but were defeated by the emperor Claudius II. Three
years after, Aurelian gave up Dacia to a tribe of Goths, who are

believed to be the Visigoths, or Western Goths, while those who
ravaged Asia Minor were the Eastern Goths, or Ostrogoths. This dis-

tinction of the race into two grand divisions appears about this time.

Under Constantine I. the Gotlis from Dacia invaded Illyricum, but
were repelled ; afterwards Constantine II. allowed a part of them to

settle in Moesia, who seem to have soon after embraced Christianity, as

it was for them that Ulfilas translated the Scriptures, about the middle
of the 4th century, into the dialect called Mocso-GotUic. [GoTnic
Language.] About the year 375, the Huns, coming from the east,

fell upon the Ostrogoths, and drove them upon the Visigoths, who
were living north of the Danube. The latter, being hard pressed,

implored permission of the Roman commander to be allowed to cross

that river, and take shelter on the territory of the empire. The Em-
peror Valens consented, and a vast multitude of them were allowed to

settle in Mccsia ; but soon afterwards they quarrelled with the Roman
authorities, invaded Thrace, and defeated and killed Valens, who came
to oppose them. From that time they exercised great influence over

the Byzantine court, either as allies and mercenaries, or as formidable
enemies. Towards the end of the 4th century, Alaric, being chosen

king of the Visigoths, invaded North Italy, but was defeated by Sti-

licho near Verona. He came again, however, a few years after, and took
and plundere<l Rome. His successor, Ataulphus, made peace with the

Empire, and repaired to the south of Gatfl, where the Visigoths founded
a kingdom, from which they afterwards passed into Sp;iin, where a
Visiguthic dynasty reigned for more than two centuries, till it was
conquered by the Moors. Meantime the Ostrogoths, or Eastern Goths,
who had settled in Pannonia after the destruction of the kingdom of

the Huns, extended their dominion over Noricum, Rhu}tia, and the

Illyricum ; about the year 489, they invaded Italy under their king
Theodoric, and defeated Odoacer, chief of the Heruli, who had assumed
the title of king of Italy, a title which Theodoric then took for him-
self with the consent of the Ka-iteru emperor Theodoric was a great

prince : his reign was a period of rest for Italy, and his wise adminis-

tration did much towards healing the wounds of that country. But
his successors degenerated, and the Gothic dominion over Italy lasted

only till 554, when it was overthrown by Narses, the general of Justinian.

From that time the Goths figure no longer as a power in the history of

Western Europe, except in Spain. We find however their name per-

petuated long after in Scandinavia, where they probably arrived from
some country east of the Vistula, or even as the IceUndio traditions

assert, from the neighbourhood of the Caspian sea, at some time
preceding that of their moving southward. A kingdom of Gothia
existed till the 12th century distinct from Sweden Proper, until both
crowns were united on the head of Charles Swerkerson, in the year

1161, who assumed the title of king of the Swedes and the Gothu,
which his successors bear to this day.

GOUT ((jnlla, a drop). This name was given to the disease which
we are about to describe, from a fanciful notion that it arose from some
morbid ni,itter, deposited by drops in the jointa. In technical language
gout is called Arthritit or Pudugrii. It may be defined to be an inflam-

matory affection of the joints, arising from a morbid action in the

system. It is mostly an hereditary disease, coming on without any
erident external cause, generally prece<led by disorder of the digciit iva

organs, and accompanied by a plethoric state of the system. The
inflammation attacks the smaller jointa, particularly the first joint of the

great toe, and returns at intervals, vanous joints or parte becoming
affected after repeated attack.H.

A paroxysm of gout is generally preceded by some constitutional

disturbance, though it may attack a person suddenly who is apparently

in good health. It is commonly ushered in by a disordered state of

the whole system ; both the circulating, nervous, digestive, and
secreting organs are out of order. The pulse is frequent and full;

there is a feeling of repletion and oppression ; drowsiness or restless-

ness
;
general lassitude and depression of spirits ; flatulence ; irregular

appetite ; costiveness ; and high coloured urine, which deposits a pink

sediment on cooling. The local affection generally commences suddenly
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in i)i« luiiliUe of the night. Tlie pAtiont if kwakMed kt two or three

n\'l.M'k in the ini'ming with acute pain in the ball of the great too,

coDiuiMaiad with • feeling of heat and atiffiieaM of the part : chillinota

and fever eome on, which graduaJly abate aa the pain increaece, which

beoomea more Tiolent ererjr hour, having a burning or gnawing cha-

raoter. Thia SMMnllyooatinuea till the middle of the fullowin^ night,

though in dipit oaaa it nuy remit after a few hours' duration. A
gentle |iern>intioii then breoka out, and the ]iationt falla aaleep. The
nast monung the toe ia shining, rod, and gwellod ; the veina of the

foot are very much dititended, and the joint is exoeaiively tender.

Exaeerfaatiana, ' becombg leas violent each time, r«cur for aeveral

nightc, and then the attack declines. The joint remaina swelled

ai^ weak for some d«js, and there ia Ttolent itching, followed

by desquamation of the cuticle; after wUch all diseaae ceases,

and Uie patient feela better, both in bod; and mind, than before

the attack.

Such are the hidtory and course of a almple 6t of gout, as it gcne-

rallj occurs on ita first attack. In subaequent seiziuvs, the inilam-

mation, on subsiding in one joint, frequently attacks another, and
eventually several joints may be attacked m sncceasiun, or two or more
at tlie same time, as the fingers, wrists, and knees. Generally the

intervals between the attacks grow shorter, the patient has more and
more frequent fits, and theylast longer ; but this will depend in a

great measure on tlie treatment pursued, and the mode of life of the

pntient. The fits are more liable to occur iu the spring and autumn
than at other seasons, owing perhaps to the greater variableness of the

weather at those times of Uie year. After repeated attacks the joints

may become stiff and rigid : depoaits of whitish matter, called chalk-

stones [Calculi] (which princijKilly consist of urate of soda), will take

place beneath the skin, so that the joints of the fingers and toes become
enlarged and swollen.

It is very common, when persons have had gout for a length of

time, for various internal organs to become diseased. The inflamma-

Uou may suddenly disappear from a joint, and some seripus internal

ofiection, as apoplexy or gastritis, unexpectedly make its appearance.

Thia is allied retrocedent or displaced gout. The internal affections

which thus arise are often caused by the patient's imprudence, and
sometimes by injudicious treatment, as the application of cold to the

inflamed joint.

We have mentioned among the precursory symptoms of an attack of

gout, that the urine is frequently turbid, and deposits a lateritious

sediment. There seems to be a tendency to throw off morbid matter

from the overloaded system by this outlet. It has been said that gout
favours the formation of urinary calculi, and numerous cases are

related where stone in the bladder, or gravel, has occurred in con-

nection with this disease. Irritation of the urinary oi^gans is certainly

very common in gouty persons.

Gout is more frequently met with in persons of vigorous and robust
constitutions, than in those of spare habit ; and is more common in

men than in women : this comparative immunity of the female sex

aeems to be owing in a great measure to their more temperate habits of

life. Persons of odvanrod and middle age are more liable to gout than
those of early life. It does not commonly appear till after the age of

thirty-five, though where the predisposition is strong it may occur
even before uuberty. Hereditaiy pre<iisiK>sition is doubtless a cause of

gout, and where this tendency exists the disease may take place under
droumstonces which would not otherwise have power to produce it.

Uenoe persons who are conscious of an hereditary taint should guard
with particular care against the causes which excite gouty action. The
most active of these is a plethoric or inflammatory state of constitution,

arising from luxurious living, indolence, and sedentary habits; which
also give rise to that dimrdered state of the digestive organs which
constantly precedes an attack of gout.

Where Uie predisposition, both hereditary and acquired, strongly

exiato, a very uight cause may excite the paroxysm. A fit of intem-
petsnoe, or excessive indulgence in eating, may bring it on. Excite-

ment of mind from anxiety or intense study wUl sometimes cause a fit

of gout ; and it has been known to follow violent exercise, particularly

walking. An accident or injury of a joint, occurring m a gouty
subject, instead of causing simple iuflainin.ttiou, uiay give rise to an
.ittack of gout. Gout noaaeaws a considerable roacmblauco in many
of its characters to rneiimatism, and these affections are iu some
instances confounded together. There are even modifications which
partake so much of the characten of both, that they go by the name
of rheumatic gout. Gout however may generally be known from
rheumatism, by its 'attacking persoiu later advanced in life and of

a full habit ; by its affecting principally the smaller joints, and being
commonly confined to one, at least in its earlier seizures ; the attack

uf gout also declines more quickly, is preceded in most cases by
disorder of the digestive organs, and is not brought on by any ex-
tsmal exciting cause, as cold and damp, which is mostly the case in

rheumatism.
With r^ird to the cause of gout, and the state of the system in

which it comes on, considerable light haa been thrown upon thbm by
the rcaearches of Dr. Oarrod. He has ahown that the rcteution of

uric acid in the blood ia the first of a series of changes, which results

in the deposition of mate of soda in the joints or otW parts affected

. with the gmxtj inflammation. The following are the concludona at

which Dr. Garrod has arrived and which he has published in his

work ' On the Nature and Treatment of Gout'
Fiitl. In true gout, urio acid ia invariably present in the blood in

abnormal (|uantities in the form of urate of soda.

SeeoiKilt/. Tnie gouty inflammation ia always ooeompanied with a
deposition of urate of soda in the inflamod port,

TMrdlj/. The deposit of urate of soda is crystalline and interstitial,

and when once toe cartilages and ligamentary structures l>oc<ime

infiltrated, such deposition remains for a leogtheoed time, perhaiM
during life.

Poiaihlg. These defioeits are the eaose and not the eSaot of gouty
inflammation.

Fi/lhli/. The attack of gouty inflammation tends to destroy the

urate of soda in the blood of the part, and in the system generally.

SirlUii. The ki<lneys are early implicated in g<}ut, and this affection

is not only functional, but eventually becomes structuraL The urine in

gout is always altered in composition.

Serenthli/. The presence of urate of soda in the blixxl, is probably

the cause of the premonitory qrmptoma of an attack of the gout, and

ef the anomalous symptoms which are known to present themselves in

gouty subjects.

Eiglithl!/. The causes known to predispose to the gonty attack are

such as produce an increased formation of urio add in the system, or

which leads to its retention in the blood.

NimJili/. The causes exciting a fit of the gout are those which
reduce the alkalinity of the blood, or augment the foniyition of urio

acid, or temporarily check the power of the kidneys in eliminating this

principle.

Dr. Garrod's theory has cerfciinly the merit of explaining the anoma-
lies presented in the history of gout. It shows that the tendency

of the kidneys to refuse the elimination of uric add may be hereditary,

and it also explains that in poor systems, as well as plethoric ones,

this tendency of the kidneys may servo to bring on an attack of gout.

The oc?;urrence of a paroxysm of gout often seems to relieve the

general health for a time ; and it is a common idea that an attack

expels the morbid matter from the system. Although this is true to a
certain extent, it is a dangerous doctrine to put in practice. It has

often led to very improijer and even dangerous proceedings. On the

contrary, the judicious plan of treatment in gout is to moderate the

paroxysm and prevent its recurrence. It would bo out of place here

to enter into any detail of the numerous plans of treatment and the

remedies which have been adopted in gout. With regard to the pre-

ventive treatment, we need omy recommend temperance and exercise,

which will generally succeed in keeping off a recurrence of the disease,

and if strictly adopted will be a sufficient guidance to the gouty imtient.

There is au old Scotch proverb, and a very true one, " that a man
might cure himself of gout by living on sixpence a day, and working

for it." The treatment of the paroxysm is very simple. The iiillam-

mation should be subdued in this case by the same means as would be

requisite in inflammation from any other cause. If the patient be

plethoric, and there is active fever, we must bleed, purge, and starve

him. Should there be less constitutional disturbance, we may safely

leave the fit to run its course ; for gouty inflammation has a natural

tendency to subside spontaneously, without terminating in suppura-

tion. Alkalies and saline medidnes which act as jmrgatives and diu-

retics are also to be recommended. Dr. Garrod iJso recommends the

salts of lltbia.

Topical remedies are of little use in gout. Warm applications do
no good, iind cold ones may do serious harm by suddenly checking tlie

inflammation, and bringing on dangerous affections of internal organs.

If anything be applied to the pert, a worm evaporating lotion is ixirhaps

the best thing.

In addition to the general antiphlogistic treatment which we have
mentioned, we possess a remedy which certainly is highly valuable in

gout, namely, colchicum. This medicine, when given in a sufficient

quantity, generally purges the bowels, and lowers the pulse. A l.irge

dose of Uus drug, given when the occurrence of a paroxysm is threat-

ened, will often avert it altogether, but the prudence of this mode of

proceeding is very questionable; it only suppresses the imroxysm,

without removing the constitutional disorders un which the disease

deiHjmls. Cdlcliicum may be given with safety during a fit of gout,

,ind it certainly seems to shorten its duration. The colchioim (of

which the wine of t^e seeds is one of the best preparations) may be

given, iiud repeated in moderate doses three or four times a day, dther

alone, or combined with pui^gatives. As soon as free purging is pro-

duced, the Bj-niptoms are generally relieved. Some authors are of

opinion that the colchicum does no good without it acts iiix>n the

bowels ; but iu many instances, before this effect is produced, it will

allay the i>alii, bring down the jridse, and stop the progress of the

paroxysm. Colchicum is said to increase the secretion of uric acid by
the kidneys, but this is denied by Dr. Garrod, who has carefully in-

vestigated the subject This drug is the active ingredient in the eau

mMiriwde and other quack medicines which are in general use as

specifics for the cure of gout
With respect to the treatment of the complex conditions and

different varieties of gout, it must be directed to the improvement of

that disordered state of constitution ui>on which they depend.

Persons of a gouty hatut are liable to certain inflammatory, affections
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of the eye (dependent on the state of the constitution), which diflfer in

some respects from inflammation of the same parts arising from other

causes. The external proper timics, particularly the sclerotica, may
be affected in the gouty ; though in this case the iris generally partici-

pates in the inflammation. The sclerotica and conjunctiva may how-

ever be attacked without the iris in gouty persons ; this aflfection is

then similar to that modification of external ophthalmia which occurs

more frequently from exposure to cold in persons who suffer from

rheumatism, and is denominated rheumatic ophthalmia. [Rheumatism.]

Sometimes gouty inflammation of the sclerotica is accompanied with

an erysipelatous form of inflammation of the conjunctiva. Beer has

Been this follow the suppression of gout in the feet by cold.

Inflammation of the iris (arthritic iritis) is a much more common
affection than the last in gouty persons, and is usually of an acute

character. It commences with uneasy sensations in the eye, which
are followed by pain about the orbit, forehead, and side of the head,

and lastly in the eye itself. Redness of the sclerotica comes on, which
is particularly seen round the cornea ; attended with watering of the

eye, and uitolerance of light. The iris soon becomes dull and dis-

coloured, the pupil is contracted, and fixed at one or more points to

the capsule of the lens. It has been observed that the red zone round
the cornea is less bright in this than in other forms of iritis [Iritis]

;

and, as in rheumatic ophthalmia, does not quite extend to the cornea,

but leaves a narrow white ring between them. This form of ii-itis

often returns again and again, the eye recovering almost completely

after repeated, attacks. The iris however often becomes attached to

the capsule of the lens by whitish adhesions, though without causing

much injury to vision. Mr. Lawrence says that gouty inflammation,

when severe and long-continued, sometimes causes complete disorgani-

sation, with puckering, and tubercular projection of the iris, and ex-

tinction of sight. When arthritic iritis occurs in a person of plethoric

habit, we must bleed and adopt general antiphlogistic treatment.

Colchicum may also be given with advantage. Mercury seems to do
more harm than good in this affection. The recurrence of the disease

must be prevented by such means as remove the gouty disposition.

Besides the affections which we have describe<l, persons of a gouty
constitution are sometimes attacked with more extensive inflammation

of the eye. affecting the internal parts of the globe generally ; that is,

the choroid membrane, iris, retina, vitreous humour, lens and its cap-

sules, and secondarily involving the sclerotica and cornea. It generally

ends in loss of sight, with a dilated pupil and opaque lens ; but in

some cases the latter change does not take place, and a green dis-

coloration of the pupil remains : in this case, Mr. Lawrence [calls the

affection aeute gtaaecrma. Arthritic inflammation of the internal timics

is a much more serious disease than gouty iritis, and almost invariably

destroys sight. It is attended with great suffering ; there is severe

burning )>ain, which extends to the face and side of the head ; and the
eye itself feels distended, or swelled. There is redness of the sclerotica

and conjtmctiva ; dulneas of the cornea and iris ; the pupillary margin
of the latter is turned backwards, and the opening itself dilated and
fixcl. The lens becomes opaque, and often of a greenish colour, and
is pushed forward into the dilated pupil ; the eye loses its brilliancy

and looks dead. The sight is lost at an early period of the disease.

This disorder generally affects both the eyes in succession, and the
most energetic treatment has hardly any effect upon it. Loss of blood,

and other active measures, must be resorted t<j in the first stage of the
affection. This disease is generally seen in elderly persons of full habit,

with bloated red faces which are owing to indulgence in the pleasures

of the table. These affections of the eye are sometimes due to rheu-
matic states of the Bystem, which differ essentially from those of gout.

[Rheumatism.]
GOVERNMENT is a word used in common speech in more than

one sense. 1 . It denotes the act of gwtminy, as when we speak of
" the businesji of government." 2. The pertom who govern are, as often

as not, called " the government ;
" and we thus speak of " the French

government," " the Russian government," &c 3. The word " govern-
ment" is used elliptically for the phrase farm </ govemnient, as when
we speak of " a monarchical, aristocratical, or republican government ;"

or, again, of " the EngUsh or French government," meaning thereby
the English or French form of government, or (changing the phrase)
tho English or French constitution.

The seienco of government, or the science which relates to the
business of government, is more commonly called the science of legis-

lation. So the art which flows from this science, or the art of govern-
ing, is callwl the art of legislation. In accordance, then, with the
common phraseology, we shall now dismiss this first of the two sciences.
Mid together with it that sense of the word " government " in which it

signift* the act of governing ; reserving them for treatment under the
head Li:iil8LATio.v. In the present article we shall concern ourselves
exchisively w^ith that sense of the word " government " in which it

stands for the phrase " form of govemaaent," confining ourselves to an
fmumeration of the various forms of government.

1
.
A government consists either of one person or of more than one.

When it consists of one person only, the appropriate name for the
form of government wotdd be mmarchij. But we shall see hereafter
that this name is generally, in common speech, fantastically bestowed
on a particular class of governments of more than one ; while a govern-
ment of one only U called by the names ol abtolitte monarchy, dapotitm,

and tyranny. Of these three names, the last two may be objected to
as names, because they always imply disapprobation, or because they
are not only names, but also (to employ Mr. Bentham's phraseology)
words dyslogistic. But the essence of this form of government is the
complete dependence of the governed on the will of one person, which
is well expressed by the terms despotism and tyranny ; and the sense
of disapprobation which hangs about these terras, or their dyslogistic

character, is to be traced to the accidental circumstance of the conju-
gate terms despMic and tyrannical being commonly used to describe

other forms of government, in which the arbitrary conduct of the
governors resembles that of the generality of despots or tyrants.

2. A government of more than one may either consist of one homo-
geneous body, or (changing the phrase) of one body all whose members
are appointed in the same way, or it may be mixed, compound, or

consist of heterogeneous parts.

WTien the members of the one governing body, if hereditary, are a
decided minority of the state, or, if deriving their powers from without
their own body, they so derive them from a portion of the state which
is yet a decided minority, the government is calle<l by the names
aristocracy and olir/arcky. There is a difference in the use of these two
terms which it is impossible to mark exactly. But it may be said

roughly that the term oligarchy is used where the minority is very
small, and the term aristocracy where it is not. The latter term also

would be always employed where the members of the governing body
derive their powers from without, or where the body is elective.

When, again, the members of the one governing body either them-
selves constitute, or derive their powers from, a portion of the state

which is a decided majority, the government is called a demon-acy.

3. Before proceeding any further with that series of divisions, in

which we have now taken two steps, we may remark that the three

forms of government of which we have now spoken—namely, absolute

monarchy or despotism, aristocracy or oligarchy, and democracy—are

commonly called (as being governments of one person, or of one homo-
geneous body) piu-e forms of government, in contradistinction to the
mixed forms which yet remain to be considered. The division of forms
of government into pure and mixed is a complete division, which the

common division into monarchy, aristocracy, and democracy, is not.

4. A mixed form of government is one compounded of the whole or

of any two of the three elements which exist separately in the three

pure forms of government, and also of individuals or bodies deriving

their powers from different portions of the state, even though each of

these different portions is a decided majority of the state. It is not
necessary to enumerate all the mixed forms of government which arise

from all the possible combinations. Besides that all the possible com-
binations may be easily seen, some of them produce forms of govern-

ment which have never existetl, and which consequently are no objects

of interest. It will be suflicient, then, to speak of those combinations,

or rather of those classes of combinations, with which men are familiar,

and for which common speech su]>plies names.
The mixed forms of government which occur may be divided into

two classes, according as an hereditary chief does or does not enter into

their composition.

Governments which contain an hereditary chief united either with
an aristocratic and a democratic body, or with an aristocratic body by
itself, or with a democratic body by itself, arc generally called

monarcliies. They are also called limited monarchies, as if to distinguish

them from the governments of one only, to which, as we have said, the

name monarchy more appropriately belongs, but to which, without the

epithet cdaolute being prefixed, it is seldom or never appUed.

As regards the governments of which an hereditary chief forms no
part, it will be convenient to observe at the beginning, that the combi-
nations of an elective chief with one or more democratic bodies are the

only combinations which possess any interest for men ; if, indeed,

judging from the past, we may not also say that they are the only ones

which are practicable. And having premised this, we may say that the

governments into the composition of which an hereditary chief does

not enter are generally called republics, or representative i/overnmenta

(the relation of the democratic body or bodies in the government to

the portion or portions of the state that appoint them being known by
the name representation), or. again, pure representative governynenlt, as

if to distinguish these from the forms of government in which a demo-
cratic body is united either with an hereditary chief and aristocratic

bo<ly togetner, or with either of these by itself.

It is scarcely necessary for the objects of a Cyclopedia, which
seeks to collect facts rather than to advance opinions, to enter upon tlic

question of which is the best form of government.

GRACE, DAYS OF. [Bill of Exciiangi:.]

GRACE. This word is frequently used in the Scriptures to denote

in general the favour and love of God towards mankind, and also moro
particularly as manifeste<l in the gift of his son Jesus Christ. (2 Cor.

viii. B.) It is also employed to designate that degree of divine in-

fluence upon the mind which euableki an individual to believe in the

Gospel. Grace is sometimes used in opposition to the law, and to

express the happy condition of those who experience its benefits (Gal.

V. 4, 5). Also the benefits themselves, or tho gifts of the Holy Spirit

(John i. 14, 16). Some theologians maintain that there are two kinds

of grace, which they designato as common and special ; tho former

consisting in such divine influences as operate beneficially upon the
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nonl duuMctcr, but leave the niind without real faith ; thv latter,

wkidi U neoeawy for alTation, beias granted only to auch indjviiluala

ai hare baan eleotod to everlutii^ liie. [Electiox.] There ia aUo
dUTersoos of opinioii among theologiana on what ia called imtitlUilr

gmct, many oooiddertng "that graoa may be reaiatad and rendered

ineffectual by the perrerae will of obstinate ainnera
;

' while othera

beliere " that it ia never on The whole finally rejected, ao aa to &il

working faith fat thoae who are the happy Kubj«:ta uf it."

URACES, ORATI-«, or CHAKITKS, in ancient mytholog)-, are

layumjiitad aa three young and luuiiliHimo Bistera, the attendaiita of

Teaoa. Their namea were Aglaia, Euphruii}-ne, and Thalia. Homor
mentiona but one Charia. The Lacednmoniana had only two, whom
th^ called Kleta or Kl\-ta, and Phaenne, and a temple in honour of

them exiated in the time of Pauaanias between Sparta and Amyclic
(iii 18 ; iz. 35). Heaiod, however, speaka of three. Some poets name
Paiithea aa one of the Qraoes. The idea of the Oracea was, according

to aoma, originally a symbolic peraonification : Aglaia represented the

harmony and splendour of the creation, Euphrogyne repreaented cheer-

fnineaa and mirth, and Thalia feaata and danoea. In short, they were
an esthetic conception of all that ia beautiful and attractive in the

phyBoal aa well as in the aocial world. Some called them the daugh-

ter* of 2Seua' by Hera, Eurynome, Harmonia, or Lctbe ; othera of

Dionysus and Aphrodite ; othera, again, of ApoUo and Enanthc. llioir

worship is aaid to have originated in Bcootia. They were originally

represented as lightly clothed, but in latter times the iiculptors made
them entirely naked : they are usually figured holding each others

hands or embracing, and bearing ears of com or flowen. They were
invoked to preside at the festive board, at nuptials, at birtLs, kc.

Their images were multiplied on an infinite number of BciJptures,

paintings, gems, and votive inscriptions were affixed to them. Groups
of the three Oracea have been found, forming one of the most pleasing

repreaentationa of ancient art ; and modem sculptors, Canova among
the rest, have aought to rival the ancients in reproducing the same
subject. (Millin; Hirt; Uiiller.) .

GRADIENTS. [Railway.]
GRADUATE. [Arts, deqbkes in.]

GRADUATION is the name commonly applied to the art of dividing

mathematical and astronomical instnunenta. The nature of this work
will not admit of a detailed account of the various methods and
machines used in different branches of the art ; we shall only give an
outline of the different processes, with reference to the standard

authorities, and add a few suggestions for the consideration of the
astronomer and artist.

Graduation, or, as the workmen more generally style it, dividing, is

performed in two ways, by making a copn of a system of divisions

already existing, or by original dividing. The straight scales and rules

which are in common use are divided thus :—The original pattern, and
the scale on which the copy is to be laid, ore placed side by side ; a

straight edge, with a shoulder at right angles, like a carpenter's square,

is made to slide along the original, stopping at each division, when a

coiresponding stroke is cut by the dividing knife on the copy. With
oara and practice, this method admits of considerable accuracy. By
mflring the straight edge turn on the centre of a divided circle, the
diviaiona of that clrcje .may be copied upon any concentric circle.

Common protractors are thus divided, and scales upon circular limbs.

The original circle, which may have several orders of divisions for

different purpoaes, is called a dividing platt.

The above method requires a standard, which must be divided
triginally. This will be noticed hereafter.

Small theodolites and ordinary circular instruments must have been
thus divided, previotu to the invention by Romsden of his dividing
tngiiu. The errors were of course large, and Mayer proposed to get
rid of them by his ]>rinciple of repetition [Repeatino Circle] ; but
Bamsden's discovery of a machine for rapid and accurate dividing was
better adapted to ordinary purposes. The general principle of Ramaden's
dividing machine may perhaps be understood by the following descrip-

tion :—A horizontal circle uf four feet diameter turns upon a vertioil

axis ; the outer edge ia ratchcd, or notched, by an endleaa acrew, one
revolution of which carries the circle rovind 10' ; the pressure of the
foot upon a treadle turns the screw forward, and there is a series of

very ingenious contrivances which enable the divider to turn the screw
through any portion of its revolution at each descent of the treadle,

and which restore the jjosition of the parts, when the foot is taken off,

without allowing any return motion to the acrew. The circle to be
divided is fixed upon the dividing engine, ^d made concentric with it,

and a diviaion cut after each ]ireaaure of the foot. The Board of

Longitude gave Ramsden a reward of 300/. for the invention of tbia

machine, and 315/. for the machine itself, leaving it, during pleasure,
in hia poaaession, on condition that he would divide sextants at 6i. and
ootanta at 3>., for other mathematical instrument makers. Machines
of a similar kind, with some alterationa and improvements, have since
bam constructed bv John Troughton, Edward 'Troughton, and others,
•ad these are still employed in all instruments which are not hirge
enough, or not sufficiently valuable, to require original dividing.
Ramadan invented a machine for dividing straight lines, in which he

used a screw as his original In the form proposed bv Ramsden the
machine has not been deemed of any value, since a long screw can
asrer be made so accurate as a scale divided by bisections. Mr. Bryan

Doukin has contrived a ih«^'1"imi where a screw is indeed the soale, but
where the errors of the screw are oorreotad by additional meohaniam.
We do not think that this machine haa aver been figured or deaoribed,

but acales have been divided, and aorews cut by it of extraordinary

itooursOT.

Dividing enginea have been oonatnicted somewhat differently by
Reiohenbach and others in Germany, and by Gambey in Paris. Much
of the German division is excellent, and probably superior to any
English engine-dividing. It is understood to be perfannod by copying.

A large cir^e having been divided originally with great care, the copy
ia phioed upon it, and concentric with it. A microacope is fixed inde-

pendently over the divided circle, the diviaions are brought in suc-

cession under the wires of the micrometer, and a line is cut in the

copy after each bisection. This process is much more tedious than
the Engliah engine-dividing, but it admits of the greatest accursOT

when the workman is careful and expert It ia a defect in the Englian

engine that the circle to be divided muat be detached from its centra

and framing, and that when reframad there ia frequently a sensible

exoentricity, that ia, the centre of the divided circle is not in the axis

of rotation. This does not, however, cause any error if two or more
opposite readings be uaed. It ia a worse fault, that if the instrument

be badly framed the circle may become distorted when the instrument

is again put together. But when the divided limb is only a part of a
circle, as in the aextant, any error of exoentricity is of serious import-

ance, and this error may be very sensible after Uie utmost care of the

artist. [Sextant.] Qambey has constructed a dividing engine, by
which the instrument is divided upon its own centre, but we cannot
here describe the contrivance, and are not aware that it has been
published.

It has not, we believe, been ascertained what average amount of

error is to be feared in an English circle, engine-divided. Wc have
not been able to learn a more important point, whether circles from
the same engine are fac-similes. If they are, it would be easy to deter-

mine the error of one copy, and to apply correcting pieces to the stop

of the dividing screw. 'This point is worth the attention of the orUst,

for if the engine does always give the same result, the correction would
neither be troublesome nor expensive ; and if it does not, nor can be
made so to do, the German mode of copying must be followed where
great accuracy is necessary.

In what has preceded, the existence of a standard is presumed ; we will

now give a brief^d necessarily imperfect sketch of the art of original

dividing. Before the invention of the telescope, almost any mode of

division must have been sufficiently accurate. In a circle of three feet

radius, 1' is rather more than O'Ol inches, a quantity the half or third

of which is readily seen and still more easily felt, so tliat the observa-

tions of Tycho and Hevelius might very well have been exact to 10" if

their greatest errors had arisen from the erroneous division of their

instruments. The earliest essays in dividing which we are aware o{

are those of Hooke and Roemer. Hooke pro|K>sed to cut the edge of

his quadrant by an endless screw, just as in Itamsden's engine, and to

use the revolutions and parts of the screw as a division. This was
done in Klamsteed's sector, constructed by Tompion, probably under
Hooke's control, and also in his. mural arc, but both the limbs were
also divided into degrees by diagonal lines, Ac. ; and in the ' Historia

Celestis,' the revolutions and parts of the screw are set down, as well

as the divisions. It is found in practice that stich a mode of dividing

is liable to vcr^j considerable errors unless checked and corrected by
independent divisions. Roemer, when he had constmctod his transit-

circle, directed his pupil Horrcbow to describe a number of c<mcentric

circles on the limb, very near each other, and then to divide them into

equal parts by ttepping along each with a pair of compasses opened to

a space of about 10'. All that he required was to have the dots round
and the spaces equal ; the actual value of c.'u:h space was to be ascer-

tained by finding how many were contained in the arc of 90\ betteeen

the pole and the equator. Horrcbow informs us that only one of these

series of divisions was executed which turned out exact enough to

satisfy Roemer. The objection to this division is the same as to

Hooke's endless screw, that there is no check upon an accumulation of

small errors; still it is probable that Roemer's circle was the best

divided instrument then in existence, and the idea of determining tlie

value of the parta by observation is worthy of its author. We have
no account of the way in which either Fhuosteed'a sector or his mural
arc was was divided. All we know is that the latter instrument was
divided by the " skilful liand of Abraham Sharp," then Flamstccd's

assistant.

The art of 'lividing aasumed a new form under the celebrated

Graham, Uie father of all good clock, watch and instrument making in

this country, and the worthy associate of Bradley. He pointed out

the fundamental principle of original graduation, that you can divide

a given line accurately into two parts, but not into three or five equal

parts. The dividing tool employed by Graham was the beam-compass,
a straight rod of wood or metal, on which perpendicular ]>oints of steel

are fixed. Now if a line or arc is to be bisected, the points of the
beam-compass are placed nearl;/ at the distance of half the line, or the

chord of half the arc between the dots. One point is placed in one
dot, and a fiunt arc is stnick with the other point towards the distant

dot, and this operation is repeated with the second dot as a centre.

The two faint arcs will either include a small space, or leave a small
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space between them, which can be most accurately divided with a

pointer by the hand, aided by a magnifying lens. In the mural quad-

rant which Graham erected at Greenwich, he carried this principle

into full operation. The beam-compass, which was used for drawing

the divisional arc of the quadrant, was used for setting off the chord of

60° ; this was bisected, and the radius being again set forward from
30', he had the quadrant exact. The arc of 60^ was divided by con-

tinual bisections into 64 (or 2°) equal parts, and the arc of 30° in like

manner into 32 (or 2') parts. The subdivisions were, on the same

principle, into 16 parts each. This division of the quadrant into 96

parts was continued as long as quadrants remained in use, but the

trouble of reducing every observation into ordinary degrees, minutes,

and seconds, was a considerable increase of labour to the observer.

The quadrants were generally divided to 90 as well aa into 96 parts,

and in Bradley's and Maskelyne's ' Greenwich Observations,' the zenith

distances are recorded in both divisions, with a recommendation to

trust to the 96 division in cases of discrepancy. The improvements

introduced by Bird chiefly apply to the division into 90°. He made a

long scale of equal pa»ta by stepping three times wth a beam compass

51 2 inches, and subdivided each of these parts by continual bisections

into tenths. For further subdivision, a sjace of 25,856 inches was

taken and divided into 256 parts by perpetual bisection ; hence, as

each of the new spaces was 0-101 inches, he had, with his vernier, a

scale of equal parts to 0001 of an inch. From such a scale of equal

parts as this and the proper tables, all the lines of Gunter's and other

scales are laid off upon a standari In dividing the mural quadrant

Bird made great use of his scale, chiefly to obtain the arc of 85° 20',

which admits of perpetual bisection, being 1024 x S'. The chords of

the several arcs were computed and beam-compaases prepared, which

were adjusted by the scale to be the chords 30^, of 15°, of 10° 20', and

of 4° 40', to the proposed radius. The scale, quadrant, and beam-

compasses were then left all night to come to the same temperature,

and before simrise were examined, and readjusted if incorrect. The
arc being struck, the radius marked off the chord of 60°, which was

bUected with the beam-compass containing the chord of 30°, and the

radius protracted from 30° gave the quadrantal arc exactly as in

Graham's mode of dividing. 'The arc between 60 and 90 was then

bisected in 75° by its proper beam-compass, the chord of 15°, and then

the chord of 10° 20' \vas carried forward from 75°, and the chord of

4° 40' was carried baokwards from 90°. The exact joining of these

two chords in the same point prove<l the accuracy of the operation.

The fifth beam-compass had been set to the ch< rd of 42° 40' and with

this the arc of 85° 20' was bisected. When this part had been sub-

divided, the chord of 64 subdivisions, or of 5° 20', was taken from the

divided portion and csuried forward from 85° 20', and then perpetiuUly

bisected. Bird remarks " that the points at 30°, 60°, 75", and 90" fell

in without any sensible inequality." Bird's manual skill and the great

care be took to avoid errors arising from the partial expansion of the

quadrant or tools during the operation gained him great and merited

reputation, but we are inclined to doubt whether in engineering or

theoretical accuracy of division he made any step beyond Graham.
The careful division into 90° is a retrograde step.

The divi.-<ioa« of Graham, Bird, Ramstlen, and the elder Troughton,

were all performed by the beam-conii)a8s, and in a great measure by
touch; magnifying lenses were indeed applied to the points of the

beam-compasses, but when an erroneous point is once made, the beam-

compass naturally falls into it, and there is considerable trouble in

rectifying the error. A French nobleman, the Due de Chaulnes, after

perfecting the micrometer microscope for reading off the divisions of

astronomical instruments [Circle], first showed how it might be used

in actual dividing. He did not however follow Graham's rule and
proceed by pcrjietual bisections ; hence his method was neglected,

although Uamsden saw the advantage of the micrometer microscope,

and used it for reading off the divisions of his circles and theodolites.

In this state the art was taken up by Edward Troughton, who by a

happy combination of the principle of Graham, the Duo de Chaulnes'

mode of reading off, and his own ingenuity, brought the division of

astronomical instruments to its present state of perfection. We will

suppose that a circle is to be divided originally. After the edge of the

circle is very carefully turned upon its own centre, a small circular

roller, 16 revolutions of which carry it exactly roimd the circle, is pre-

pared and so fitted to the circle by a radial frame joining the two
centres, that on turning the frame roimd the roller is also turned in

an opposite direction by friction between the edges of the roller and
circle. The roller is (Uvided into 1 8 parts, and a microscope placed

over the divisions, and as each division comes under the microscope,

a fine round dot is marked upon the circle, which thus receives an
approximate division into 256 (or 2') equal parts. Troughton expected
tnat as the roller could be carried round the circle by any number of

times without over or mider lapping, it would also mark out equal
portions at each revolution, but he fo\md himself mistaken, and he
therefore proceedetl to examine the dots optically. Two microscopes
A and B are fixed above the circle, nearly in a diameter, and the dot^i

which are to determine the di^-isions 0° and 180° are bisected by them.
The circle is then turned half round, and dot 180° brought imder A

;

if 0° at the same time falls exactly under B, the points are diame-
trically opposite, if not, the quantity and direction of the error is

measured by the micrometer of B, half of which is evidently the error

of dot 180°. The microscope B is then shifted and fixed over dot 90°,

while A bisects 0°. By a quarter revolution of the circle 90° is

brought under a, and 180° under B, and the error, if any, measured and
noted. In like manner the error of dot 270° is detected, after which
the microscope B is again shifted, and fixed over dot 45°, when the
errors of dots 45°, 135°, 225°, and 315°, are determined. It is easily

seen that this is exactly Graham's principle of perpetual bisection, only
using an optical beam-compass instead of one without points, and
reffiitering the errors of the dots instead of cutting actual divisions.

In this way Troughton proceeded by continual bisections to note
the relative or apparent errors of the 256 dots. His next step was to

compute the actual or true error of each dot, and to form a table.

Suppose that in examining the 180° dot, he found that the arc from
0' to 180° was less than the arc from 180° to 360° by 20", he would
conclude that the dot 180" was 10" behind its true place. Again, let

arc from dot 0° to dot 90° exceed the arc from dot 90° to dot 180° by
30". If 180° were right, 90° would be too forward by 15" ; but as
180° is 10" behind its true ptace, 90° will on this account alone be 5"

behind, and therefore on the whole will be 10" too forward.* The
true errors of each of the 256 dots being thus computed, Troughton
returned to the roller, and by help of a small sector which revolved

with it and gave him an enlarged scale, enabling him at the same time
to reduce the division into 256 parts into 360° mechanically, proceeded
to cut the actual divisions on the circle. This method was com-
municated to the Royal Society, and printed in the ' Phil. Trans, for

1809,' p. 105. The Copley medal was granted for this very valuable

and original memoir. Several circles have since been divided after

Troughton's method, by his successor Mr. Simms, and by Mr. Thomas
Jones, and it has been thus proved that the merit of Troughton's
dividing depended, as he asserted, on the excellency of his processes,

and not on his manual dexterity. It is not worth while to divide a

circle originall;/ which is less than two feet in diameter.

There is a caution with respect to this mode of ilividing which will

be sufficiently obvious when pointed out,—namely, that very great

care indeed must be taken that the pivots on which the circle turns
shall be perfectly true and round. The circular line to be divided, and
the rim on which the roller moves, are respectively drawn and turned
from these pivots, and the figure of neither is a circle unless the pivots

be so. The large collar of the mural circle on which the rim is turned
is of steel, and several inches in diameter. It often happens that hard
knots occur in the steel which ordin.ary tools will not touch, and it

would be prudent in the artist to i>erforra the finishing part himself

with a diamond.
We should also recommend the following extension of Troughton's

mode of examining his primary dots : After determining the errors of

dots 0" and 180°, we should leave the micro.scopes a and B undisturbed,

and fix two new microscopes, o and d, at 90° and^70°. Then, having
adjusted c and D in 90° and 270°, and having ascertained their errors,

as has been already described, the circle should be turned round till 0°

and 180° are bisected by B and A, when 90° is under D and 270° under
c. The errors are then to be again determined exactly as before.

Now, if the circle turn round a mathematical point, the two results

must, of course, be identical ; but if not, it may happen that the
observations will give two errors for dot 90° and two for dot 270°,

which should, however, have the same difference. The final error, or

that which the artist should adopt, for each dot, is the mean of the
two determinations, which will give the ^K>8ition of a line at right

angles to the diameter from 0° to 180°, and the nearest possible to the
variable centre. It is also clear when this discrepancy is found that

the centre has not been properly turned. By extending the above
process to the dots which bisect the quadrants,—that is, shifting the
microscopes and D to 45° and 225°,—and trying the dots, as in

Troughton's method, and also after a half-revolution, a series of bisect-

ing diameters may be found which will cut the diameters already

determined at angles of 45°, and pass aa near the variable centre as

may be. This process should be continued one or two steps more, and
then Troughton's metho<l may be considered sufliciont for the rest. If

the above system of examination should appear too troublesome, it

would be at least advisable, when Troughton's subdivision has been
carried to 16 or 32 parts, that the table of true errors should be
checked by opposite readings. This is easily done by bringing each

dot in its turn under microscope A, and reading off the apparent error

of the opposite dot by microscope B. As the true error of the dot

under a is known from the table of errors, this, + the apparent error

* Let t and §' be the errors of any two dot", a and 6, + when too forward,

and — when bcliind their true place, and the distance to the bisecting dot r bo

A:

from o=i» sad from b = m + k: then the apparent error of r Is — j ; for it

k
shoald be at a distance m+ z from a. But the dot a is wrong i, and the dot

6 is wrong i' ; therefore there is a further correction of —-—, and the whole

i-l-i' *
error of c is (attention being paid to the signs) —r- —

; fiom which expression

the mode of forming the table of real errors is very evident, care being taken

not to confound the signs, and also to pass from the arcs to the half arcs in

succession.
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M diowii bjr B, ahould s Ui« true error of the dot under a, which U
aleo known {rom the table o{ error*. Anr leniible diaorepency in

tlieae two raluoa will show • bultinera in the centre. Agun, if the

•i^t heve, as ho ought to here, a convenient pier and a euffloieaoy of

nierameter microaeopea, be magr ascertain the ermn of his four or

eight primary duta, by placing four or eight equidistant microscopes

round hia circle, and reading otT at each quarter or one^ighth of a

revolution. It would be prudent to re|wat tiiia several timea and on
several days, aelecting tho timra when the temperature had been and
promised to be steady. This principle might be carried on farther in

examiniiw a gradiutad oirole fay changing the number of mioroaonpea.

Indeed, S the centra were very irregular, and therefore the curve

traced out by ita revolution, a better division into equal parte might
be got after a preliminary division by tteppimj than by Troughton's

method unaltered. As the -I- and — signs useil in forming the tables

of apparent and true errors itiay cause a little confusion, it is usual to

cut a few slight divisions, which may easily be nibbed out, and thus

to (<*( the accuracy of the table of errors before commencing the actual

division.

It is easy to see how Bird's method of dividing a scale may be
pursued, adopting microscopes instead of the beom-compaas. The
examination of such a scale is completely exemplified in Mr. Baily's

memoir referred to in the sequel.

In Ramsden's dividing-engine the circle carrying the instniment to

be graduated was made to turn round by means of a perfietual screw,

the teeth of which woriced in corresponding notches cut in the edge of

the oirole : the screw was caused to turn on its axis by a cat-gut band
paanng several timea round a cylinder on the same axis, and made fast

beluw to a treadle which was pressed down by the foot, and allowed to

rise, when the foot was removed, by the unbending of a spring con-

nected with the cylinder. In the machine now to bo described, which
was the invention of Mr. Alexander Koes, and of which an account is

given in the ' Transactions of the Society of Arts ' for 1881, the circle'

has a more steady motion, and it possesses the means of being adjusted,

BO that the inequalities produced by the wear of the parte may be
obviated.

A rectangular cast-iron frame, of which a b is a part, carries the

circle c, which turns on a vertical axis at ite centre ; this axis is in the

'^'^^^

fona of two fmctums of cones, and its lower extremity rests in a cup

which is at one end of a lever ; at the other end is applied a counter-

poise which, ca\iaing a pressure upwards on the axis, diminishes the

pleasure of the circle on the frame which supports it. Round the

drcumfcrenco of the circle are 48 projections, o, o, a, 4c. ; and at one

end (a) iif the rectanguLir frame, a sliding apparatus carries a cylinder

D, which turns on a horizontal aids, and has on its convex surface a

spinU projection (h h) like a rectangular thread of a screw ; this enters

between the projections a, a, &c., and the distance between the two

turns of the spiral is rather greater than the breadth of one of those

projections.

On the rim of the circle c, and under the projections a a, &c., is a

groove in which enters an endless cat-gut band, o B ; on each aide of

the frame, at the end a of the latter, this band peases over a fixed

pulley, c, and under a moveable pulley, from which is suspended a

weight, K : it then passes through a notch at d, and above the frame,

in the direction d tl.

Four pillars, of which M M are two, rising from the rectangular

frame a b, sup|>ort a«tage which carries the tool for cutting the divi-

sions on the instrument to be graduated : the np|iaratuH ^>^ n hicli the

cutting-tool is connected vrith uie stage is fonnc<l with joints so as to

allow the tool to be moved up or down, or in the direction of a radius

of the cirele o, but neither to the right nor left of that radius ; and

there ia a oontrivanoe for determining the length of the lines o{
diviiion.

By moving one end of a levw at the opposite extremity of the frame
A B, a bar, //', which is attached at one end to that lever, gives motion
to a catoh, or click, so as to eauae a ratchet-wheel to turn on ita axis,

and thus give the requisite movement to the cutting-tool : the other
extremity,/', of the bar, by turning a lever on a horizontal axle con-

taining within it the axle of the cylinder D, allow- - --•..>. .- iv-k. to

turn a ratchet-wheel oo the latter axle, and, with elf;

and thus a side of the spiral projection (A is reni" , tram
its position when in contact with one aide of a prnjeotiuu n. Moving
then the first-mentioned lever back again, a spring, which had pre-

viously pressed againat the cat-gut band on the circumference of c, is

drawn oflT; and thus one of the weighto, K, by drawing down the band
and pulley above it, gives a small movement to the circle r, and conse-

quently brings tht side of a projection a again in contact with the side

of the spiral. According to the place at which the bar//' is applied

to the lever on the axle of D, the catch may pass over any required
number of the teeth of the ratchet-wheel ; and thus the circle o may
b« turned through any angle consistently with the valuea of the
divisions intended to he cut.

Through each of the projections a a, Ac., passes a steeUacrew, whose
ends appear in the above cut ; and through the spiral thread 6 6 pass a
number of steel screws, whose ends also appear. The right-haud

extremity (in the diagram) of each of the former screws is ground
quite flat and perpendicular to the length of the screw ; while the left-

hand extremities of the screws in ft 6 are turned in the form of hemi-

spheres ; and, after eveir movement of the circle c and of the spiral b h,

the machine is held in a state of rest by the abutment of the
hemispherical end of one screw against the flat end of the other.

The original divisions on the circle o are made on silver studs let

into ita surface ; and the screws passing through a, a, &c., are so

adjusted, by means of their capstan heads, that if the end of a sorew in

6 i is in contact with the screw in any one of the projections o, one
complete revolution of the spiral b b may bring the end of the screw in

the next projection a in contact wth the same screw in the spiral.

The corresponding movement in the circle is equivalent to the interval

between two of the original graduations ; and the movement is verified

by the primitive divisions coming successively to a wire in a
microscope.

It may be useful, before we give o list of references for the history

and practice of graduation, to point out the eflect of exccntricity in

engine-divided circles, which is almost always mistaken for b,id diWding
by unskilful persons. If the centre of the divided circle is not
concentric with the axis of rotation (we here suppose the circle to

revolve, and the verniers or microscopes to be fixed), it is clear that

the centre of the divisions will describe a very small circle about the

axis. Now, suppose we set out from the position when the centre of

the divisions is in a line with and between the axis and the reading

apparatus. On turning the circle a little round, it will )je seen that
the angle through which the instrument rfallij moves is less than the
angle read off at that vernier or microscope ; and on drawing the

figure it will be seen that the angle read off ia the exterior angle of a
triangle of which the true angle is tlie interior and opposite ; and lilso

that the error or the difference between these two angles is the other

interior angle of the triangle, the measuring arc of which to the same
radius is, as to sense, equal to a perpendicular from the centre of

dirisions on the primary line.* Hence the error caused in any vernier

by ej-eentridly is an arc etjual to the distance lietwecn the two centres

X sine of the angle from the position we have set out from. From
this consideration it will be evident to one who knows the nature of

trigonometrical lines, that two, three, or any number of equidistant

readings will cure eicentricity, as the -^ errors must always equal

the — errors. Now, if the possessor of a circular instrument having

* Let A be the axis of rotttion, c r the circle dPMribcd b^ the centre of the

divided circle v ev the place of the reading. In the ponitlon flnt mentioned in

the text, c coincide* with c, and » with v. When the in.itrnmrnt hns been

moved round the angle v a r, the angle read off l» v v OT t c r, and the error t«

rx AC
the angle av «, which Is— = — xslnvAf.
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two or more equidistant readings wishes to examine the divisions, he
may get rid of the effect of exoentrioity thus :—Take the mean of the

readings at every 10°, 20°, or 30°,and subtract eachreading from the mean.
It will be seen whether the difJ'erences thus obtained can be represented

under the form of a constant quantity +x" x siu. fl, where 6 is reckoned

from some definite point. If they can, there is no error of division,

and the residual qu-intities, when the above equation has been satisfied

Id the best practicable manner, will give some insight into the quality

of the divisions. The error which arises from the original circular

form changing to an ellipse by a fall or other injury is of the form
y" X sin. 2(p, where 4> is the angle from some definite point of the
divisions. Hence two readings at right angles, or three equidistant

readings, will compensate each other ; so that three or more equi-

distant readings will destroy the effect of both eicentricity and
ellipticity. In like manner the effect of any error which obeys a law
may bo investigated, when the law is known, and also the number of

microscopes. Hitherto four or six microscopes seem to have made
every circle a well-flivided one.

The mode of reading the parts of larger divisions has been partly

explained in the description of the microscope, article Circle [Astro-
hohical], and will be finished under the head Vebnier.
The principal sources of information on this subject are :

—
' The

Method of Dividing Astronomical Instruments,' by Mr. John Bird.

London, 1787. ' Nouvelle M^thode pour diviser les Instruments de
Math(<matique et d'Aatronomie,' jku- M. le Due de Chaulnes, 1768.
' Description of an £ngine for dividing Mathematical Instruments,' by
Mr. J. Kamsden. London, 1777. Troughton'sMemoir.V Phil. Trans.,

1809, p. 105. Graduation, ' Edinburgh Cycloptedia." This very valu-

able article is by Trougbton. ' On the Errors of the Cape Mural
Circle,' by Messrs. Sheepshanks and Airy, ' Memoirs Royal Astrono-
mical Society,' vol. v., p. 325. ' On the Cape Mural Circle,' by Pro-
fessor Henderson, ' Memoirs Boyal Astronomical Society,* vol. viii.,

p. 141. ' Description of the Mural Circle of the Armagh Observatory,'

by Dr. Robinson, ' Memoirs Royal Astronomical Society,' vol. ix., p. 1 7.

' Report on the Standard Scale of the lioyal Astronomical Society,' by
Mr. F. Baily, ' Memoirs Royal Astronomical Society,' vol. ix., p. 35.

In the Introductions to the 'Cambridge Observations' for 1833-4-5,

and the Introduction to the ' Greenwich Obeer\'ations' for 1836, will

be found several instances of the way of examining the divisions of

astronomical circles. See also article Cibcle, and the references there
given.

GRAFTING is an operation by which a portion of one individual of

the vegetable kingdom is apphed to another which is within certain

limits of physiological affinity, so as to form a vital union, and con-
sequently produce a reciprocal growth. Thus a species bearing small
and aust#ru fruit may be cut down, and the remaining port grafted
with a scion from a tree of which the fruit is large and delicious ; and
being nourished, but not changed in any easentiid character, this scion
will form a tree, ultimately producing fruit similar in every respect,

all other circumstances being the same, to that of the tree from which
it wag taken. The shoots of any partictilar variety may be cut into

many hundred pieces, if sufficiently numerous, and, by grafting, e.tch

of them can be made to poaseas iU the properties of an individual
tree in the course of one season. In the case of cultrvnted fruits, as

well as in many varieties of ornamental plants, multiplication by seeds
is precarious ; and with regartl to hybrid* it is impracticable, at least

no assurance can be had of a reproduction of the same variety ; on the
contrary, a disposition is generally manifested to return to the natural
wild state of the species. Grafting is in some instances the only
means, and in many it is the most eligible, of preventing this. By it

the peculiar richness of the fruit or the delicate tint of the flower
which we especially prefer and a>lmire can be perpetuated in an almost
infinite series of individuals, each being the result of augmentation of
the comparatively small original portion—this portion being placed in

favourable circumstances for receiving an abundant supply of new
and proper matter, on which it exercises its organising powers, and
efTecta a jierfect assimilation, wliich causes a similar development of
leaves, flowers, and fruit. Again, this newly-formed augmentation
being every way similar to that from which it was derived, it will
continue to exercise the same functions with regard to such new matter
as comes within the extending scope of its organising powers, the
progren oijy becoming arrested by such causes as naturally limit the
growth of the parent tree. Propagation by cuttings, it is true, will
ecpially continue the variety unchanged ; but that process in numerous
instances is slow : in others success is not attainable -to any con-
siderable extent.

From what has been stated, the great importance and utility of the
process about to be explained will be sufficiently evident.
The limits within which grafting may be effected extend to species

and varieties of the same genus, or at all events are confined within
theasame natural order. Pears may be grafted not only on other
pears, but also on the quince (which is very frequently done), and on
the medlar, white thorn, or mountain ash. Peaches are budded either
on the almond, or more frequently on the plum, their own roots not
being suited to the cold soil of this country. In these cases, although
the leaves and fruit of the peach and the plum, the pear and the
mountain ash, have a very different appearance, yet botanists have
determined that the stock and the scion belong to the same natural order.

As one species is pften grafted on another of a difTerent genus, it is

necessary therefore to state the reason why such is in many cases more
proper than on species of the same genus ; and this leads to the con-
sideration of the effects generally produced by the stock upon the graft.

When the stock is of slower gro\rth than the graft, as in the case of
the white thorn and quince stocks and the pear, the consequence is a
partial obstruction of the flow of the sap, which checks the over-
luxuriance of the pear-tree, and its natural disposition to produce only
wood for a number of years of its youth; the juices, rendered less

abundant, become more inspissated, and fruitfidness is induced at an
earlier age. This condition may be even carried too far; for the
common quince increases so slowly in diameter compared with the
generality of pears, that its vessels become inadequate for a sutBcient
supply of nourishment. The French, aware of this, employ the
Portugal quince as a stock for their pears, because its wood increases

more in accordance with that of the latter. On the same principle

(that is to say, a less copious supply of nourishment) trees are rendered
more dwarf than they naturally are, and hence are better adapted for

small spacea On the contrary, a weak species will have a tendency to
grow stronger if grafted on one naturally more vigorous. These are
modifications induced by the stock on the graft extremely necessary
to be known and attended to : for instance, apple-trees on crab-stocks,

if injudiciously planted in a small garden, will soon overgrow their

limits; whereas on the French paradise stock, the dwarfest of any,
they are easily managed within a very small space ; besides, the roots

of the latter are very fibrous, and run near the surface, which renders

them eligible for planting over a bad subsoil. Many species and varie-

ties both of fruits and ornamental plants, natives of a warmer soil, are
advantageously grafted on their hardier congeners, such as the peach
and apricot on the plum, Chinese tender roses on the wild roses of our
hedges, and many ornamental species of Cratajgus on the C. Oxya-
cantha.

The methods of grafting are of great variety. M. Thouin (' Mono-
graphie des Oreffes') has enumerated 43 modes of grafting, 39 of

inarching, and 28 of budding. Many of these are however more
curious than useful ; and not worth being detailed. It will be better
to explain the principle on which all mo<les of successful practice must
depend, either as regai-ds grafting, budding, or inarching.

It is well known that the bud of a jilant has the power of becoming
a distinct individual, if 8e|)arated from the jarent and placed in cir-

cumstances sufficiently favourable for its future development. But no
development can take place unless the portion abstracted from any
plant contain either a bud, or the perfectly formed rudiments of one.
Hence the portion intended to be propagated must contain a bud or
buds. The diametrical increase of exogenous plants proceeds out-

wardly, in consequence of the formation of new layers of alburnum,
interwoven into the peculiar texture of the tree by extensions of the
medullary rays. The alburnum is interposed between the inner bark
and the hcartwood, with Iwth of which it is in vital or organised union.
The greater jiart of the heartwood of a tree may be bored out, and,
though made a hollow cylinder, it will still continue to increase. The
outer bark may be removed, and a new one will gradually be formed

;

but, if the alburnum be entirely destroyed, death will be the con-
sequence.

it appears therefore that buds with some portion of alburnum are
the parts essentially necessary for propagation ; for although the heart-

wood and bark be organised, yet they are but passively so, and have
not the power of extending organisation to new matter when they
are deprived of the media of buds and alburnum. Keeping therefore
the importance of the latter in view, the best mode of operation is

that whereby the greatest possible extent of the albunuim of the stock
and graft is brought into exact contact, without making too extensive
a wound. If the sections of alburnum can be made to coincide in

ever? point, the result of the operation will be the most perfect that
can bo obtained.

The modes of grafting most generally practised are whip, cleft,

saddle, and crown gi'afting. Of these irhipgraftinrj is by far the com-
monest, and is performed as follows :—the stock is cut over, sloping,

above a smooth and straight ]iart. The end of the scion is cut sloping

and thin towards the lower end. Then on the same side of the stock
as that of the lowest part of the slope made in cutting off its top, a

slice is cut clean off, in length equal to that of the cut part of the
scion, and in breadth so as to expose as much of the wood of the stock
as will equal that seen in the slanting section of the scion. Both
sections should be smooth and plain, and as regards the alburnum,
they should \>e the exact counterparts of each other ; or, if this cannot
generally be the case, the coincidence should be a.s exact as can be on
one side at least. A thin wedge-shaped tongue is made very near the

upiwr part of the slope in the scion, and a corresponding nick in the

stock to receive it. The top part of the scion is shortened to two or

at most three buds, and fitted to the stock, to which it is tied with a
strip of pliable matting ; and the parts so united are then covered

with grafting-clay, or some other composition, which remains till the

graft has pushed, or as long as there is no danger of the matting, used

as a Ugature, cutting or galling the parts when they begin to grow and
to have an enlarged circumference. After the first loosening it is often

advisable to apply slightly a fresh bandage immediately ; and in some
cases a little clay or composition may be put round, should the
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mUon sppeu-'too tender to «iidiiT« «q>Mui« to the Ticiadtode* of the

weetlier.

CUfl-i/ra/iing ia performed by vplitting the >tock diuuetrically

eraae the top, which should tie cut horiiontaUy, aod theo nicely

iiwerting in one side a scion cut like a wedge. This mode is objeotion-

able, beeauae the depoeition of young wwxl takes place for the moat

part in a projeetiao exterior to the circumference of a cfatsle having

for it« centre the axis of the stock; the top of the latter is con-

M.-<]uenUy left long uncovered and becomes unsound from the wood
Wing Hplit to ailroit the graft.

SadJit-graftittg ia the reverae of the preceding, inasmuch nx the

stodc, ilHteaid of the acion, ia formed like a wedge ; and the end of tlie

adon made to 6t over it, like a saddle. It is preferable to cleft-

grafting, particularly where the stocks are small, or nearly of the same
aixe aa the adon ; but when the stocks are large, it is by no me;ins to

be reooBimended.
Oraun-gr^flmg i» performed on large limbs with thick bark, or on

large atema ; in either case these are cut off at right angles ; the bark

is raised by thrtisting in a tapering (latteucd piece of smooth hard

wood, or ivory, between the wood and bark ; this being withdrawn, the

end of the acion, properly thinned aa if for whip-grafting, but without

the tongue, is inserted. Three or four scions may with propriety be

thus inserted in the same branch or stem. This method is objectionable

for the following reasons : the section of the scion is plane ; the part of

the stock to which it is appled is circular; consequently, these surfaces

can only come into jnrtial contact Again the abrasion mu^t be con-

siderably larger than the space co>'ere<l bj' the acion, |)articularly if the

bark of the stock be rigid. If we coniinre this state with the prin-

ciple laid down in the preceding part of tim article, tlie result will be,

what ample experience has proved to be the case, that even on large

trees whip-grafting is preferable. In fact, the cavity on each side of

the scion in crown-grafting must be filled with something ; either air,

which is injurious, or if the tree be vigorous, a deluge of sap will

How to it ; and it often happens that this, technically speaking, drowns
the graft

Cuttings intended for scions should be token from the trees before

the movement of the sap commences in spring, and put in moderately

moist earth or sand, and out of the sun's rays. If the stocks be cut

down at the same time it will be so much the better ; any large limbs

of trees which it may be found necessary to graft should by all means
be cut in before vegetation becomes active, otherwise extravasation

takes place and conker is in consequence induced.

Grafting Clay may I>e made from any smooth clay, or adhesive

clayey yellow loam, or brick-earth, mixed with one-third, or, according

to some, one-h.ilf of cow-dung, free from litter, excepting that of hay,

and if it contain none of the latter, some /ine hay must be beaten up
with the mixture ; the hay answers the same purpose as hair in plaster.

A mixture of clay and horse-dung is preferred by some. The fact is,

thataoy composition will answer that will exclude the air, retain some
d^ree of moisture, and at the same time prove not injurious to the

barks of the stock and scion which it surrounds.

Grafliwj Wax, a compound of pitch, rosin, bees'-wax, hogs'-lard, and
turpentine, has had a great reputation as a means of fixing the scion

to the stock, but it is liable to two serious objections. In the first

place it does not adhere and exclude air unless both stock and scion

ore perfectly dry when it is used ; secondly, the winds in March, the

general period of grafting, are excessively drying, and were it not for

the moisture absorbed from the clay the scion would frequently be
shrivelled, and dried up before it had time to vegetate ; but resinous

substances do not permit of any similar absorption of beneficial

moisture.

Iwxnhitig ia a species of grafting, the success of which depends on
the principles above explained. It is sometimes called grafting by
approach, because in performing the operation the branches or stems
of two contiguously growing plants are made to approach and unite

;

and this union is effected on the same principles aa that of whip-
grafting. Corresponding slices are taken off, a small slit being made
upwards in the part that is to form the head, and another correspond-

ingly downwards in the stock ; being joined, the wounded parts are tied

together, and covered with moss or grafting-clay. When properly

united, that which is to form the top is by degrees severed from its

parent root, and thus transferred it ultimately becomes the sole

ascending stem of the one to which it was made to unite.

It is generally believed that although the stock and scion are or-

Bsnically unite<l by the operation of grafting, yet no other effect

follows the operation than what may arise from the slowness or quick-

ness with which the stuck allows the sap to rise upwards into the
sdpn ; and it is generally believed that the acion exercises no influence
whatever upon the stock. It ia however perfectly certain that a bud
of a variegated jasmine, made to grow upon one branch of a large

tree of a plain jasmine, will gra<lually give the variegated appearance
to the plain stock. This was long since asserted, then denied, but has
been since proved to Ije tnto by new experiments.
GRAIN (yrasH/n, a seed), an old measure of weight, the smollent of

those in use. It is of about the weight of a seed of wheat com, and
must therefor* be considered rather as a theoretioal aliquot part of a
larger weight, than as itself a proper standard of weight We shall

therefore refer to WciuHTS axd KEASDBn, AvoiBDVfOls, TiiOY, &c,
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for further information, stating in the present article all that refers

to this particular measure. The word has not only designated a weight,
but a coin : Duconge mentions an ancient Neapolitan piece of money
called a grain, and the gra»o is still used in reckoning in Naples, Sicily,

and Halts, though there are not now any ooins so called.

By a statute passed in the reign of Edward III. (1260), it was
enacted that 32 grains of wheat token out of the middle of the ear, and
well dried, should weigh a |>ennyweight, of which 20 ahould make aa
ounce, of which 1 2 should mue a pound. Consequently the pound
(troy), of this period consisted of 7680 grains, whereas that afterwords
in use bod only 5760. The reason was, that it became usual to divide

the same pennyweight into 24 instead of 32 grains. This must have
occasioned an alteration either in the value of the pound or of the
grain. The former has been sometimes stated, but we believe the
latter. The value of the average grain of wheat is stated by Pauoton
at '86 of the groin of the ;Mi<f< de marc, thjit is, at about seven-tenths

of our modem English grain. But if 32 grains of real weight were
mode to weigh 24 grains so called, the grain of wheat would be °75 of

the weight called a grain ; which comes near the preceding. It is

certainly possible that the grain of French wheat may differ from that

of the Euglish ; and it is also known that the weight of grain varies

considerably in different harvests and under different modes of culture.

This latter circumstance rather affords a presumption that it was the
wheat which varied : it is not at all unlikely that improved agriculture

gave wheat of which 24 grains were equivalent to 32 of the more
ancient han-ests. According to Dr. Bernard's measurement, the grain

of larley is |, or '67 of the troy grain.

However this may be, the grain must have lost much of its import-
ance by the introduction of the avoirdupois pound, of which it is not a
constituent aliquot part. The ancient avoirdupois pound is variously

stated at from 7009 grains to less than 7000, at which latter number it

is now fixed by law.

The grain has varied considerably in different countries : Dr. Ber-

nard mentions the Rabbinical grain, which was two-thirds of the
English grain ; the money grain of Venice and Paris (that of the poids

de marc above noticed), which he places at "8334 of the English grain

;

and the physicians' grain of the Greeks, Arabs, and Venetisns, which
was -9166 of the English grain.

The weight of one grain is obtained, for practical purposes, without
difiiculty, by weighing a thin plate of metal of uniform thickness, and
cutting out by measurement such a proportion of the whole plate as

should give one grain. But a much better plan is to dr.»w a given

weight of ductile metal into very thin wire, and to cut from the wire
that length which is the same proportion of the whole length as a
grain is of the whole weight. In this way pieces of wire are obtained
for chemical purjxwes wluch weigh only the thousandth part of a grain

;

and even leas weights might be obtain^, if it were necessary.

GRAMMAR. [Language.]
GRAXD.IURY. [Jubv.]
GRAND SERJEANTY, one of the ancient English tenures. The

tenant, instead of rendering to the king pure military service, was
bound to perform in person some special honorary service to the
sovereign himself, as to carry his banner, or to be his butler, champion,
or other officer at his coronation. It was in most other respects like

knight service. Tenure by grand serjeanty still exists so far aa relates

to merely honorary services, but the burdensome incidents were taken
away by the sUt. 12 Car. II. c. 24.

GRANDEE. Grande de Etpaila is the name of the highest rank in

the Spanish nobility. The grandees were originally the descendants

of the great feudatories of the crown, but since the time of Don
Carlos I. (Charles V. of Germany), who unceremoniously excluded
them from the national assembly of the Cortes, it became Uie practice

of the Spanish kings to raise new men to the rank of grandees, with
the double object of rewarding their friends and at the same time
breaking down the pride and influence of an order which was to them
an object of jealousy. This occasioned a distinction between the old

and new grandees, which was marked by the old ones addressing each
other always in the second jwrson singular, " thou," and by being

addressed " excellenza," without distinction of age or official station
;

whilst they addressed on all occasions those of a recent creation by the

title of " your excellency," which belongs to all Spanish grandees, with
studied punctiliousness. The old grandees had the privilege of being

covered in presence of the monarch ; and now, the elevation to the

rank of grandee is aunoimced by the monarch desiring him to be

covered. Fe.w of the old families are now extant in a direct line.

All the grandees of Spain, and also the Titulos de Castilla, or mar-

quises with a Castilian title, had a right to sit in the old Cortes when-
ever the king pleased to convoke them, and they did so sit in the

Cortes assembled, in 1789, ai the representatives of the estamento, or

order of the nobUity. The collective body of the grandees is called

La Qrandeta, but they have no iwlitical prri'ileges under the prt^cnt

constitution, as there is no hereditary house of legislature at present

in Spain. "The titulos, or lower nobility, are excessively numerous,

and are addressed as su sefioria, abbreviated in common speech to

ussia.

GRANT (Conceasio), in law, ia technically and strictly a conveyance

in writing of incorporeal hereditaments, or of such interests in or

arising out of land whereof no livery or actual tradition can be made.
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All corporeal hereditaments, as lands and houses, of which actual

delivery can be made, are said to lie in livery ; but advowsons, commons,

rents, reversions, &c., which from their nature cannot so be transferred,

are said to lie in grant. This distinction has been removed by modern
legislation, and a grant may now be made of every species of property.

At common law, as at present, a writing was necessary to support a

grant ; the writing being the evidence of such transfer of property, as

livery of seisin was in the case of a feoflftnent. Until the statute

4 Ann. c. 16, sc. 9, the ceremony of attornment was necessary in such
grants of interests in reversion or remainder as are grantable ; that is,

the tenant in* possession consented to the grant of the seignory, by
which consent he became tenant to the new lord.

Attornment was a consequence of the feudal law, and imtil the cere-

mony was rendered tmnecessary by the statute cited, and by another

(11 George II., c. 19), the doctrine relating to it was one of the most
confused and difficult branches of the law.

GRANULATION. [Wound.]
GRAPE SHOT is an assemblage, in the form of a cylindrical column,

of nine balls resting on a circular plate, the size of the bore of the gira,

through which passes a pin serving as an axis. The balls are contained

in a strong canvas bag, and are bound together or quilted on the

exterior of the latter by a cord disposed about the column in the

manner of anet ; they then have something of the appearance of a bunch
of grapes. From the rusting of the iron shot the canvas becomes soon

destroyed, hence another description of grape shot, sometimes called

tier shot, has been introduced ; the balls are retained round the iron

pin by a series of flat iron plates, screwed down parallel to the lower
plate, and between every two of which is a layer of baUs.

The dimensions of a column, or assemblage of balls, and the sizes of

the balls in the column, vary from 4 lbs. to 8 oz. with the nature of

the ordnance from which they are to be discharged ; according to the

present method the grape shot are adapted to 6, 9, 12, 18,24, and
32-pounder gims, but their weights are rather greater than those of the

usual shot which correspond to each nature of gun.

A fire of grape shot is on service frequently directed against an
enemy's troops when advancing in close order to an attack, and on
board ship at close quarters : 600 yards is considered the limit of the
effective range of grape.

GRAPE SUGAR. [Scoab.]

GRAPE VINE. [Vine.]

GRAPHIC ACID. [Graphote.]
GRAPHITE. Plumbago. Black Lead. The natural sources of this

variety of carbon, 'and the uses to which it is applied, have already
been described. See Graphite, in Nat. Hist. Div.
The artificial formation of graphite occurs in several manufacturing

processes. For example, when cast-iron is melted in contact with
charcoal, a quantity of the latter is dissolved, and on the cooling of the
mass, crystallises out in characteristic six-sided plates ; closely resem-
bling that variety of graphite now largely imported from Ceylon.
Crystalline graphite is ^ao deposited in the retorts iLsed in the manu-
facture of coal-gas. Amorphous graphite—similar to that obtained
from the Borrowdale mines in Cumberland and from Germany— is

deposited on one of the carbon terminals of the electric-light apparatus
during the passage of the current.

For most of the useful purposes to which it is applied, graphite
requires to be freed from the impurities with which, in the native
sta^, it is nearly always contaminated. To this end, a process, dis-

covered by Professor Brodie, has recently been nude the subject of a
patent. Its details are as follows :—One pound of powdered graphite
is mixed with four pounds of concentrated sulphuric acid, and one
ounce of powdered chlorate of potash is then added. The mixture is

heated until chlorous fumes cease to be evolved, the residue is then
thrown into wtfter, washed, dried, and ignited. The ignited substance
is washed in water, on which it floats, while the impurities fall to the
bottom. Lastly, it is dried. By this process the graphite may be
obtained in a state of chemical purity.

The phenomenon that ensues during the ignition of the substance
just described is very peculiar, much resembling that which takes
place on the application of heat to the bichromate of ammonia. Gases
are given off in the interior of the httle grains or plates, the whole
swells up to very many times its original btilk, and is reduced to the
most minute state of division.

According to Professor Brodie's researches, the composition of the
body that results from the oxidation of graphite as above detailed, is
not constant. It contains the elements of sulphiuic acid combm'ed
with oxygen, with hydrogen, and with a large per centage of carbon.
Bv repeating the oxidising process, however, five or six times, the
whole of the graphite is converted into a light-yellow, transparent
crjBtalline substance, to which Professor Brodie has given the name
Graphic Acid. It contains :

—

Carbon 61'11
Hydrogen 1-85
Oxygen 8704

100-00

ComBponding with the formula C„H,0„. Graphic acid is very
•lij^tly soluble in water, combines with the alkalies to form crystaf-
ARTR AWD SCI. DIV. VOL TV.

line salts, and is reduced by deoxidising agents to a body resembling
graphite.

GRASS LAND may be divided into water-meadows, upland pastures,
and artilicial grasses. The first are treated of under Irrigation : the
natvu-e and management of the two last we shall here briefly describe.
Upland pastures are portions of land on which the natural grasses grow
spontaneously, varying in quantity and quality with the soil and
situation. The plants which form the natural sward are not confined
to the family of the Graminea;, but many other plants, chiefly %vith

perennial roots, form part of the herbage. In the richest soils the
variety is exceedingly great. When a sod is taken up, and iill the
plants on it are examined, the species will be found more numerous
than we should have believed possible ; * and in the same ground the
plants will vary in different years, so as to induce one to conclude that,

like most other herbaceous plants, the grasses degenerate when they
have grown for a long time on the same spot, imd that a kind of rota-

tion is established by nature. It is chiefly in those pastures where the
grasses are allowed to grow tUl they form their seed that this ia

observable ; for when they are closely fed, and not allowed to shoot
out a see<l-stem, they are less subject to degenerate and disappear.

This may be a reason why experienced dairymen are so unwilling to
allow their best pastures to be mown for hay. They pretend that the
feed is deteriorated in the next year, and that inferior glasses are
introduced which injure the quality of their butter and cheese. Close
feeding is always considered aa the most advantageous, both to the
cattle and the proprietor.

The only way in which a pastiu-e can be profitable is by feeding
stock ; and its value is in the exact proportion to the number of sheep
or cattle which can be fed upon it in a season. Extensive pastures are
often measured only by their capacity in this respect. Thus, we speak
of downs for 1000 sheep ; and in Switzerland and other mountainous
countries they talk of a mountain of 40, CO, or 100 cows, without any
mention of extent in acres.

When a pasture is naturally rich, the only care- required is to stock
it judiciously, to move the cattle frequently from one spot to another
(for which purpose inclosurcs well fenced are highly advantageous),
and to eradicate certain plants which are useless or noxious, such as

docks and thistles, furze, broom, briars and thorns, which, not being
touched by the cattle as long as they have better food, would increase

and overrun the ground, and take up a space which would be more
profitably occupied by good herbage. The dung of the cattle also,

when left in heaps as it is dropped, kills the grass and introduces coarse

and less palatable plants. This must be carefully beat about and
spread, or carried together in heaps to make composts with earth,

to manure the poorer meadows or the arable laud. All th.it is required
in rich pastures in which cows and oxen are fed, and which are
properly stocked, is to prevent the increase of the coarser and less

nutritive plants. Weeding is as important in grass as in arable land
;

and if it is neglected, the consequence will soon be observed by the
inferior quality of the feed. The urine of the cattle is the manure
which chiefly keeps up the fertility of grass land ; and although in

hot and dry weather it frequently bums up the grass where it falls,

when it is diluted by showers the improved appearance of the surface
hows that its effect has not been detrimental. To enrich poor meadows
there is no manure so effective as diluted urine, or the drainings of

stables and dimg-hills.

When pastures are poor, and the herbage is of a bad qiuiUty, the
cause is to be sought for in the soil. A poor arid soil is not fitted

for grass, nor one which is too wet from the abundance of springs
and the want of outlet for the water. These defects can only be
remedied by expensive improvements. A soil which is too dry may
be improved by cultivation and judicious manuring; but for this

purpose it must be broken up and treated for some time as arable
Lind : and it may be a question whether or not the expense of improving
the soil will be repaid by the superior quality of the pasture when
it is again laid down to grass. In general the poor light soils, if they
are worth cultivation, answer better as arable land, especially where
the turnip husbandry is well understood. The low wet clay soils may
be converted into good pastures by draining them well ; and the
improvement thus produced is so great, that judicious draining in such
soils is the most profitable investment of capital.

When old meadows have been neglected, or too often mown, without
being recruited by manure or irrigation, they are often overrun with

moss or rushes, and produce nothing but a coarse sour grass. In that

case, besides draining it if required, the land must be broken up and
undergo a regular course of tillage, until the whole of the old sward is

destroyed, and a better collection of grasses covers its surface. If this

be done judiciously, the pasture will not only be greatly improve<l in

the quality, but also in the quantity of the grass. There is a natural

prejudice against the breaking up of old grass land. This has arisen

from the improper manner in which it is frequently effected. The
sward when rotten is a powerful manure, and produces great crops of

corn. These tempt the farmer to repeat the sowing of com on newly

* In a sod of ^ass taken from Pelbomc Common, the following grosses were

found : Planinyo lanceolata, Agroatis capillaris^ Aveiia Jfavctccna, IMtclylis

fflomerata, FeUuca diiHuscula, I'oa nutiua, Cynontru* crisiatus, Trifolium rfpcnt,'

OrepU tectorumf Achilea millefolium^ (Jttlium vcrum, JJypocharia ratiicHta,

Sierarium pilosfilta, Tlijfmua terp]fll»m» (CurtU * On Qrasscs.')

H 11
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brokwi up Unda. Tba fertili^ ia radueed n^dtU^ i xl whan gnaa
•aada are aown after asTsral ero|ia of com, the aoU naa beao deprirod of

• great potion of the humut and vegetable matter which ia eaaantiiil

lo the growth of rich £>* The proper metliod of treating fraaa laud,

broken up tu improve it, ia to take uo more com crupa than wiU pay the
•xpenae of bnaking up, carting oarth, lime, or other tubatanoea upon
it, to improve the aoil, and tu lay it down to graaa again h loon aa the
oM award ia fully doatroyed.

If the aoil ia fit for tumipa, no better crop can be aown to prepare for
the grua aaeda, which ahould be aown wilbuut a oom orop, except
whore the aun ia powerful, and the aaed ia aown Ute in q>nng : but
autumn ia by far the beat laaann for aowing gnaa aeeda for permanent
paatuje. Tumipa of an early kind may £« aown in Ma^, and fed off

with abeep in Auguat or September ; and the grotmd bemg only very
aligfaUy ploughed, or rather acarified, and harrowed fine, the aeeda may
be aown and rolled in. The apeciea of graaaea aown muat depend on
the nature of the aoil ; but it ia impoaaible to be too choice in the
election. That mixture of chaff and the half-ripe aeeda of weeda,
commonly called hay aeeda, which ia collected from the atable lofta,

ahould be carefully rejected, and none but aeeda ripened and collected
on puipoae ahould be aown. The Trifvlium repent (white clover), the
TnfotiuM meditm (cow graaa), MaUcago lupiiuJa (trefoil), LoUum
pemnc (rye graaa), the poaa and feetuoaa, are the beat kinda of graaaea.

A very eoay way of obtaining good aeed ia to keep a piece of good
meadow ahut up from the cattle early in ipriug, carefully weeding out
any coane graaaea, and letting the best arrive at full maturity ; then
mow and dry the crop, and threah it out upon a oloUi, Thia vrill give
the beat mixture of aeeda ; but aome of the earlieat vrill have been
ahod, and theae ahould be collected aeparately, or purchaaed from the
aaedamcn. Before winter, the ground will already be covered with a
fine green, if the aeed haa been plentiful The quantity per acre of the
mixed aeeda ahould not be lesa than SO or 40 {tounda to insure a close
pile the next year. If the soil is not naturally rich, liquid manure, or
urine diluted with water, should be carried to the field in a water-cart,
and the young graaa iratercd with it This will so invigorate the planta
that they will strike and tiller abundantly.
The following are lists of seed proper for different soils, taken from

Mr. Lawson'a ' Agriculturist'a Manual,' pp. 203, 4, fi, 6.
" In preparing grass seeds for sowing in mixture, it haa been found

that a reference to weight ia more correot in practice than to measure

;

and for the sake of comparison, the tables, giving the average weight
of a bushel of each kind of seed, are here inserted.

WnoBT a not Bods or OaAiaia a»d onna Fujm, rsa IjmauL Bushxl.

lbs.

13

IJJ
10

\\\
71

11}
lal

ii{
7

Acrostls stotonirera .

„ Tulgarl* .

Ain flcxuow . ,

Alopccurui KralcnUtos .

,, ptatcniii .

Arrhcnatherum arcnacerum
AotboxiUthum odoratum
ATcna IUtcicciu

Brtxa media
Cjmosanu eriitatos

DaetjrUs (loDierata

Eljmu amuriiu . .

t dorliucttla .

elaUor

bcteropbylla .

loUacca , .

ovina . ,

lbs.

, IS

, 11

'i
, 6

8}
, 7

, 6

> S

, lOj

, :6

>>i
. 94
. 9|
, 20

. n\

. IS

Festoca teanlfolls

„ pmtfub
„ rubra

„ jrlrsUoa .

Olycerla flttitans . ,

PosrUnca
„ nemoralia . .

„ prstenils .

„ trlTiall*

Boleus laaatus , . , ,

LoUum perennc, the varieties vary
from . . . 18 to SO

„ italleum . , . . 10}
Pbalarli amodlnaoea . . .48
Phelum pratenae . . . , 44
Poa annua I4

„ aquattea \t\

Cioviaa AXD ornxa Pumts.

QeAXTiTT or Oaasa I >m IvraauL Aeaa.

I. At AUtrmmU JTiutMrfry.

Lollnm pcrcnne .

Phleum prat4^us« . . .

Usht aad Uodinm
BoiU Heavy Soils.

1

lbs.

11

Hi
1

»1i

IS
lU.
18

lbs.

18

lbs.

18

I

6

'4

t

Iba.

18

Trlfglium pratciue

„ „ perennc .

„ repent.

HedSoafa lupoUaa . , .

a

i i

1

8

t

4
1

it 80 10 19 1 91 )1

Ashttlea milefeUam .

Iledysanuu OnobryehU
Lotos aialor

Msdiaafo lapallna .

Flaalafo laaeoriata

Poterlnm aataiaorba
TrUbUom i

lbs.

. JSJ

. 18

. 04

. 08

. 61

. 31

. C4

Trifollum pratenae

„ oow-graM

„ prooumbeni

„ repens
Ticia sepom .

„ eraooa , .

„ sylvatloa .

lbs.

. 02

. 82

. 04

. OS

. Oi

. 68

. 64

" In owing down grua lands mthotU a erop, the benefit in h.iy or
pasture ia sooner acquired, without the soil being in any degree
exhausted by a oom crop. In most cases, however, a greater quantity
of seed is neoeasary, than where the young graaa enjoys the protection
and shelter afforded 1 >y a oereal crop. Theae advontagas may in a great
measure be gained in sowing down graaa Uodi vrithout a orop, and
with a oonaiderable aaviag of graaa aeeds, bv sowing along with the
miztuie, a buahel of rye or of winter barier per acre, m autumn
owing, for shelter in winter ; and a bushel of barley per acre for pro-
tecting the y<iung plants from the aoorohing drousht of summer, whan
own in spring ; observing that the barley or lye shall be eaten or out
down while in a green state.

"Although /yjlium tVa/irMpn, when 8o»-n in too great a proportion,
from its stmni; li.il)it of growth is ajit to chnke or weaken the clovoni,
yet by subetituUng fi lb. of it for 8 lb. LolUm perennc in the above
table, the produce will be materially improved.

" In proportion to the tenacity and retentiveneaa of very heavy soila,

Phltum pratenH ahould be increased from i lb. to 14 lb., additional,
and in many cases, for one and two yean pasture, Arrhenathenun
artnaeevm, Daetylit glomerala, J'oa trivialU, and some others, might be
partly substituted for Lolium p0tim4, varying the kinds and quantitiet
according to oircumstancea.

It.—1. Jbr Ftmumtnt Fattyrt,

Light SolU. Medium Soils. Heavy Bella.

With a

ciep.

With,
out a

crop.

With a

erop.

With,
outs
crop.

With a

erop.

With-
out a
crop.

Alopccuras pratcnsU
Avena flavcsccns. .

Dactylia glomcrata

FcBtuca duriUMuU .

„ betcropfaylla

„ loliacea

„ prateiuls

„ rubra . ,

Lollnm perennc ,

Pblenm pratcssls .

Poa pratenae

„ trlvialla .

Mmticago lupnUna
Trifollum pratenae pert

„ repens .

nne .

Iba.

1

• •

10

Iba.

'1

(

1

'i

12

"i

'i

4

i

Iba.

• •

4

S

1

"i

io

1

a

1

8

4

lbs.

»

It

Ibt.

2

io

lbs.

2

'i

1

1

1

8

is

"i

1

4
8

And common barley oi

about one bushel addl

to such aa are town w{

a orop.

tional

thout

29J 30 81J 88^ 18 42

II.—2. for PtrwuHunt Pailurt.

Aira easpttosa luttcuu ,

Alopecurua pratenaia , .

Arrtaeaatherum arenacenm ,

Avena flaveaccna . ,

Dactylia Klomerata . . .

Featuca duriuncnla .

„ heteropbylln . .

„ clatior .

„ loUaeea . . .

Light Soils. Medium Soila. Heavy SoUi.

With a
crop.

With-
out a

erop.

With a
crop.

With-
out a

crop.

With a

crop.

With,
out a
erop.

lbs. Iba.

• «

3

1

lbs.

ii

lbs.

1

a

1»

a

8

1

i

2

'i

i

H
4

• •

4

9

lbs. Ibt.

„ pratcnait

„ rubra

.

Lolium italioum . , .

„ percnne . . .

Phleum pratenae .

Poa nemoralia . . .

„ pratenaia .

„ tririalis ....
Ncdicano lopullns

Trifollum pratenae perenne .

„ repent

.

Alao barley, or rye, aa in the

latt Ubie.

••

"i

i

i

"i

1

i

4

s

28 84 83 8Si 19 48
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" The foregoing table (ii.—1.) is drawn out with a Tiew to the strictest

economy aa r^ards the original outlay : yet hy introducing 4 lb.

Lotinm itaHcum for 5 lb. Lolinm perenne, the bulk of pasture will be
increased, and the quality improved ; and where the value of the seeds

of Lolium italicnm does not exceed three or four times those of

Lolinm perenne, a more profitable return upon the whole will be
yielded by its introduction.

" The next table (ii.—2.)contain8 a greater proportion of the more rare

and valuable sorts of seeds, although these will add considerably to

the first expense, yet the improved produce will annually give a

greater return ; and to the mixture in both tables may be introduced
with advantage, on dry and elevated sheep pastures, 2 lb. to 4 lb. of

Ptttuca ovina ; on dry hght lands, i lb. Achillea MUUfMum ; on dry
calcareous soils, 6 lb. to 10 lb. Onobrychts tatirug ; in some cases 1 lb.

to 2 lb. of dchorium Intyhvn ; and 2 lb. Apiam petroKlinum on lands
where sheep are subject to liverrot ; and in all cases when a crop
of hay is intended to be taken the first year, 2 lb. Lolium perenne,

1 lb. LoUum iialicam, and 2 lb. Trifolium prateme should be added."
In a recent volume of the English Agricultural Society's ' Journal,'

some valuable information was given by Mr. Thompson, its editor, and
Mr. Dixon, a Cheshire land agent and agriculturist, on the manage-
ment and improvement of grass lands, of which we give the following
account :

—

Mr. Thompson's paper is more especially devoted to the consideration
of the best method of treating newly laid down grass, in order to suc-
cess in the production of a good permanent pasture. He states that,
after long experience and repeated failures in the attempt to establish
» pasture by folding sheep year after year on the young grass, he
" became satisfied that to graze sheep on young seeds intended for
permanent pasture was a mistake, and that in all probability it had
been the cause of several previous failures. Up to that time," says
Mr. Thompson, " I had never succeeded to my own satisfaction in laying
do»Ti land to grass ; but since making a rule rigidly to exclude sheep
for some years from newly-laid grass during the season of active growth,
I have never had a failure, though I have twice had occasion, for local

reasons, to lay down fields of which the soil was strong clay. The
method which I have found to answer best has been to sow a liberal
aliowanoe of the hay-seeds of the district, with a sprinkling of cow-
grass and white clover ; to sow them with a crop of wheat (one of the
short-strawed varieties) ; to mow the first year, and as soon as the hay
is removed, to give a good dressing of farmyard manure, and then foi*

some years pasture it with cattle, beginning for the first year or two
with young stock, until the turf is close and strong enough to bear the
treading of heavy cattle. If farra-yanl manure is not to be had, 3 c^vt.

of best Peruvian guano per acre will prove a tolerable sulwtitute,
though by no means equal to the former. For some years a newly-laid
pasture will, unless the land be of very superior qu.ility, require assist-

ance from time to time to keep it in an improving state : an oocasional
dressing of farmyard m.tnure is, of course, the best ; but as this is

rarely obtainable in sufficient quantity, it must be eked out by other
means."

The following are among the more striking of the experiences of
various top-drenings for pasture land recorded by Mr. Dixon :

—

1. On Honing alone.—" A great Improvement by bone manure was
cfTected by Captain De Hollenworth, of HoUenworth Hall, Cheshu-e,
between the years 1840 and 1843. In those three years about 1500/.
was expended on bimes, principally boiled, and about it. in value was
used to the acre. Boiled bones at that time cost 4L per ton ; raw
broken bones, "t per ton. The land where the manure was usisd is
neariy 600 feet above the sea ; old turf ; the climate does not mature
com well : character of the soil varies, some peaty, on aluminous
shale or stone ; other parts a lightish gray soil, on aluminous slaty
stone. It was on the latter description of soil that the bones efTected
the greatest change. The grass had sometimes l)cen eaten off, and
sometimes mown for hay. The quality of the herbage was totally
changed within the first two years after boning. Some of the meadow
land which had been let at 30». per acre was readUy raised to SI.,

and still made more money for the tenant when tumctl either to the
feeding and breeding of sheep or the feeding of cattle. In the year
1841 Mr. Williamson, a tenant former residing at Huxley, near Tarpor-
ling, expended 874?. in bones, principally boiled. Mr. Williamson's
farm is 50 miles south-west of Captain De Hollenworth's farm, and is
60 feet above the sea. The whole of the bones were applied to grass
land, at a cost of 21. 10». per acre. Mr. Williamson's pasture land h-is
a i)eculiariy close-textured soil and subsoil, approaching nearly to the
has clay, though brown-red in colour, and efi'ervesces violently when
tested with spirits of salts. Previous to boning, the herliage on thfs.j
pastures was of the poorest kind imaginable, there being few if any
plants except the small carex; in the second summer after boning
the <»rex had disappeared, and the pasture had become long and thick-
set with white clover, cow-grass or marl clover, and trefoil. The
dairy stock had also been increased from 40 to 62 cows : the 40 cows
had been 4t times almost starved ; the 52 cows had abundance, and
more than they could feed down, and sheep were purchased for the
excess keep."

2. On Buming viith Drainage.—" In the year 1838 I inspected a farm
28 miles west of Captain De Hollenworth's. The altitude of this was
about 80 feet above the sea. Up to August iu that year 250/. ha<l

been expended in boiled bones (cost 41. per ton) ; the quantity applied

to the acre was about 18 c\vt., the soil and subsoil being much the

same as on Mr. Williamson's farm ; the herbage growing on it of the

same kind, but apparently more scanty. Several small fields had not

been dressed with the manure, nor had any stock been in these fields

during the summer up to the month named. So little, however, was
the herbage, that I computed that not more thaii 20 stones of hay
could be obtained from an acre. Iu 1S39 I again inspected this farm,

and the pastures showed considerable improvement. The dajry stock

on the farm the preceding year consisted of four cows, which had been
increa-sed to eight. It is proper to mention here, that the land in

question had been in grass for a long series of years, its wetness and
natural cohesiveness having been a bar to any attempt at converting it

to tillage. The extent of the farm in question is 98 acres. In 18-12

the dairy stock on this farm was 24 cows, and in the autunln of that

year 80 sheep were put on the land to cousume the superabundant

grass on the pastures. In November, 1843, 1 again inspected this farm.

The weather had been wet for some weeks, and I was sorry to see

much good herbage on the land almost lost for want of the surface-

water being properly carried ofi". Within the past two yeai-s I have

been three times over this farm ; it is still in a bad state from want of

efficient drainage, and the bones seem to have lost much of their

-former effect."

3. On Liming.—" In the year 1845 a gentleman purchased several

hundred acres of land in small farms, all lying in a district of country

about 600 feet above the level of the sea, neither the land nor its occu-

pants being in a position to help one another. But the gentleman

wishing to see the land of his early days wear a more pleasing appear-

ance, even at great cost, the thing was to be attemjited. It was almost

to an acre old grass land, as com at that elevation will not often reach

maturity. I was engaged to direct the re-modelling of the fields, and
the manuring of nearly all the property. Most of the soil l.iy on poor

cl.-iy or shale, and lime was used to a great extent. Rather extensive

draining was done on the clay land ; and the material thrown out of

the drains being of a soft and vei-y cohesive character, we did not

return it into the drains. It was mixed with Ume ; and our object

being to destroy or reduce the nature of the clay, we put clay and lime

together in about equal bulk : the lime nearly burnt the clay ; to do

that about 1 4 days were reqxiired. The compost was then turned over

altogether in a powdery state. In due course it w:ia applied to the

land, and in a few weeks there was ample evidence tliat the practice

was correct. The compost acted sooner than lime alone would have
done ; it has been equally, or, I hiight say, to some extent mwc effective.

About 1000 tons of lime have been used on these small farms, at the

rate of 8 or 9 tons to the acre, and a great improvement brought about.

The lime costs here 12». per ton. It was brought 80 miles by water,

and 2i miles by carts. In one year after the lime had been applied,

10». to 15». per acre advance in rent was readily obtained. Bones have

been tised here to a limited extent, but, unless applied in double the

quantity sufficient for most lands iu low altitudes, the change is not

satisfactory."

In some soils which are not congenial to grass the seed does not take

so well as in others ; and there is a great difficulty in producing a good
sward. In this case recourse may be had to planting, or, as some call

it, inoculating grass. This is done by taking pieces of sward from an
old meadow, and spreading them over the surface of the land to bo

laid down, after it has been ploughed and prepared in the same
manner aa it would be to receive the seed. The turf of the old

meadow is taken up with a ijeculiar instrument in strips two inches

wide and these strips are cut across so as to form little square pieces,

which are spread over the ground, leaving .about five or six inches of

interval between every two pieces. The hesivy roller presses them
into the ground. These tufts soon spread and fill up all the intervals

with a complete old sward. This is a very eflec:tual and certain method
of producing a permanent pasture. Some attention is required to

prevent weeds in the intervals brtween the tufts at first : by
going over the field with a narrow hoe, all Aveeds may be easily kept

down ; and the roots and tillers of the grass soon fill \i]> the vacant

spaces.

The fertility produced by grass which is fed by cattle and sheep has

given rise to the practice of converting arable land to pasture for a

certain time in order to recruit its strength. The old notion was that

the land had re«t, which by a confusion of ideas was associated with

the rest of the lalmurers and the horses. Ploughing wa.s called

working the land ; and some men talked of working out the heart of

the land by ploughing. Tliat the ploughing of laud does not diminish

the productive power of all soils tii.it are fit for cultivation, will bo

raidily allowed. The sea sand no doubt, where a few bents have taken

root, would not be improved by being stirred ; neither would very

light soils under a burning sun : but in our moist climate there is

seldom any danger of over-plo\ighing. The land, by being in grass,

has much veget;ible matter added to it from the fibres of the roots

which die and decay, as well as from the other parts of the grass, which
draw nourishment from the atmosphere and impart it to the roots.

Thus in time an accumulation of vegetable soil ia formed ; and when
the land is ploughed the rotting of the sward greatly increases it.

Every sjwcies of plant thrives well in this improved soil; .and the

vigour of the growth is ascribed to the recruiting effects of rest, by a



«n GRASS LAND. QRAVITATION. 47J

lutcicd analogy with the animal muicle, which i< ioTigorated by
oeeaaional inaction.

But Mtting aaide theory, it ti well known that land which hiu been

ome yean in gnu It improved in fertility. The ooDTertible s^atem

of huabaodry Ukee advantage of this tact ; and all ita art conauU in

reproduoing a good nature without loia of time, after having reaped the

bcnobt of the fertSity imparted to the land during three or four yeans

when it was in grais. Good pasture is very prufltable ; ao are good

crops : by making the one subservient to the other, the &rmer who
adopU the convertible system is enabled to pay higher rent), and still

have a better profit Uum those who adhere to a simple rotation of

annual crops.

When an arable field is sown with the seeds of gruses and other

pUntu which give herbage for cattle, it is called an artificial meadow,
and the various plants which are raimd are all called artificial grasses,

although many of them have no botanical title to the name of grass,

such as clover, aaintfuin, lucem, and many others, which produce the

best pastures and the finest hay.

In laying down a field to grass for a very few years the mode of

proceeding is somewhat diflorent from that which is recommended
for producing a permanent pasture. Clover in this case is always

a principal plant, both the re<l and the white; these with annual

or perennial rye grass are sown with a crop of com in spring, and

begm to show themselves before harvest. The grasses are often

mown the first year after they are sown, on account of the abundance

and value of the red clover, but the best fanners recommend the

depasturing them with sheep, to strengthen the roots and increase

the bulk. Various circumstances, such as a greater demand for

clover hay, or for fat cattle, may make mowing or feeding most
profitable ; but when there is not a decided advantage in making
hay, feeding should always be preferred. At all events the great

object of the farmer should be to have his land in good heart and
tilth, and free from weeds, when the grass is sown. If his grass

is good, he is certain of good crops after it with little trouble or

manure.
The seeds usually sown on an acre, when the land is laid down

to grass, are as follows :^Ked clover, 12 lb. ; white, 6 lb. ; trefoil, 41b.

;

rib grass, 2 lb. ; and 2 pecks of Pacey's rye grass. Sometimes cock-

foot grass (/>ar<y/M(7/onie(-a(a) and cow grass {Tri/olium nudium) are

added. This is for a field intended to remain four or five years in

grass.

The introduction of artificial meadows, in districts where the soil

seemed not well adapted for pasture, has greatly increased the number
of cattle and sheep reared and fattened, and has caused greater atten-

tion to be paid to the means of improving the breeds of botli. Thus
a double advantage has arisen : the public is benefited by an increased

supply, and the farmer is rewarded by an additional source of profit.

In the neighbourhood of large towns there are many meadows,
which, without being irrigated, are mown every year, and only fed

between hay harvest and the next spring. These require frequent

manuring to keep them in heart, and with this assistance they produce

great crops of hay every year. The management of this grass land is

well understood in Middlesex. Sometimes the meadows are manured
with stable dung which has been laid in a heap for some time, and
been turned over to rot it equally. This is put on soon after the hay
it cut, and the rains of July wash the dung into the ground ; but if a

very dry and hot summer follows, little benefit is produced by the

dung, which is dried up, and most of the juices evaporated. A better

method is to make a compost with earth and dung, and, where it can

be easily obtained, with chalk, or the old mortar of buildings pulled

down. The best earth is that which contains most veget.ible matter

;

and aa many of these meadows are on a stiff clay soil, which requires

to be kept dry by open dnuns and water furrows, the soil dug out of

theae and carted to a comer of the meadow makes an excellent foimda-

tton for the compost. It is sometimes useful to plough furrows at

intervals to take off the 8U|>«rfluous surface-water in winter ; the earth

thus raised by the plough is excellent to mix in the compost ; having

been tnmed over with 'dimg, sweepings of streets, or any other manure,
so aa to form a unifomi moss, it is spread over the land in winter ; and
in spring a bush-harrow is drawti over the meadow, and it is rolled

with a heavy roller. All this compost is soon washed into the

ground, and invigorates the roots of the grass. It is better to put
on a slight coating of this compost every year than to give a greater

portion of manure every three or four years, as is the practice of some
fanners. When grass land is let to a tenant, it requires some attention,

and particular conditions in the lease, to prevent the meadows being
deteriorate<I by continual mowing withimt sufiicient manuring, which
might be the cose near the expiration of the lease. It is very common
to insist, by a clause, on a cart-load of stable dung being bought for

every load of hay which is made and not consumed on the premises.

Sometimes the tenant is bound to feed the land in altt^mate years ; but
if horses or heavy cattle should be taken in, especially in spring and
autumn, they may do more harm by their treadmg, when the ground
it soft, than would have been done by taking off a crop of hay. When
the proprietor of meadows resides near them, he often finds it most
profitable t» keep them in hand, and sell the crop when it is fit to lie

mown. In that oaae he must lie careful to manure them sufficiently,

or hia profits will toon diminish rapidly. The grazing of cattle has

MMnlly been a more profitable ooonpation than simply tilling the

und. The capital required ia considerable, but the current expenses

are not great. The graxior it not tubjeot to such total failures at the

burner of arable land ia in hit crops. With a little experience and
prudeooe, he can always redcon on a oertaio return. An acre of good
gracing land, worth iOi. rent, is tuppoeed to produce 200 lb. of meat in

the year. If this is worth 6d, a pound, the groes produce is BL per

acre. The expenaee will not exoeed lOt. per acre, to that here is a net

profit of 2^ 10<. per acre with little or no risk ; few arable farmt will

average thit net profit. By uniting the raising of com and the grazing

of cattle and sheep, the greatest profit is probably obtained, and this ia

the great argument in favour of tbe convertible system of husbandry.

The value of pasture land, and of some of the town graasea, espe-

cially the Italian rye-gntas, under irrigation and under the application

of sewage-manure. wiU be considered hereafter, [IbriqaTIOII.J

GRAVE. [Aoc»T.]
GRAVER. [EltOBAViHO.]

GRAVITATION. Skction L—On the RvU$ for ealaUatiiig Attri-
tion, or tilt Laic of Qravitaliun.

(1.) The principle upon which the motions of the earth, moon, and
planets are calculated is this : Every particle of matter attracU every

other particle. That ia, if there were a single body alone, and at rest,

then, if a second body were brought near it, the first body would
immediately begin to move towards the second body. Just in the

same manner, if a needle is at rest on a table, and if a magnet is brought

near it, the needle immediately begins to move towards the magnet,

and we say that the magnet attracts the needle. But magnetic

attraction belongs only to certain bodies : whereas the attraction of

which we speak here belongs to all bodies of every kind : metals,

earths, fltiids, and even the air and gaaet aro equally subject to its

influence.

(2.) The most remarkable experiments which prove that bodies

attract each other are a set of experiments made at the end of the last

century by Mr. Cavendish. Small leaden balls were supported on the

ends of a rod which was suspeudcd at the middle by a slender wire

;

and when large leaden balls were brought near to them, it was found
that the wire was immediately twisted by the motion of the balla.

But the results of this experiment are striking, principally because they

are imusual; the ordinary force of gravity serves quite as well to prove

the existence of some such power. For when we consider that the

earth is round, and that, on all parts of it, bodies, as soon as they are

at liberty, fall in directions perpendicular to its surface, (and therefore

fall in opposite directions at the places which are diametrically opposite,)

we are compelled to allow that there is a force such as we call attrac-

tiou, either directed to the centre of the earth, or produced by a great

number of small forces, directed to all the different particles composing

the earth. The peculiar value of Cavendish's experiment consists in

showing that there is a small force directed to every different particle

of the earth.

(3.) But it is necessary to state distinctly the rules by which
this attraction is regulated, and by which it may be calculated ; or (aa

it is technically called) tlie law of yraritatxtm. Before we can do this,

we must determine which of the effects of attraction we choose to take

ta its measure. For there are two distinct effects : one is the prtnnrt

which it produces upon any obstacle that keeps the body at rest ; the

other is the space through which it draai the body in a certain time, if

the obstacle is removed and the body set at liberty. Thus, to take

the ordinary force of gravity as an instance : we might measure it by
the pressure which is produced on the band by a lump of lead held in

the hand ; or we might measure it by the number of inches through

which the lump of lead would fall in a second of time after the hand is

opened (as the pressure and fall are both occasioned by gravity). But
there is this difference between the two measures : if we .-ulopted the

first, since a great lump of lead weighs more than a small one, we
should find a different measure by the use of every different piece of

ead ; whereas, if we adopt the second, since it is well ettabliahed by
careful and accurate experiments that large and small lumps of lead,

stones, and even feathers, fall through the same number of inches in a

second of time, (when the resistance of the air, Ac, is removed,) we
shall get the same measure for gravity, whatever body we suppose

subject to its influence. The consistence and simplicity of the measure
thus obtained incline us to adopt it in every other case ; and thus we
ehall say. Attraction is meaiured bu the spate through ichich it dratcs a
bod/i in one second of time after the oodij it set at liberty.

(4.) Whenever wo speak, therefore, of calculating attraction, it must
bo iinderstootl to mean calculating the number of inches, or feet,

through which the attraction draws a Ixxly in one second of time.

(.').) Now the first rule is this :
" The attraction of one body u|)on

.another body does not depend on the mass of the body which is

attracted, but is the tame whatever be the matt of the body so

attracted, if the distances are the same."

(6.) Thus Jupiter attracts the sun, and Jupiter attracts the earth

also ; but though the sun's mass is three hundred thousand times aa

great as the earth's, yet the ottraction of Jupiter on the sun is exactly

wjual to his attraction on the eartli, when the sun and the eiurth are

equally distant from Jupiter. In other words, (the attraction being

measured in conformity with the definition above,) when the sun and
tbe earth are at equal dittances £rom Jupiter, the attraction of Jupiter



473 GKAVITATIOIf. GRAVITATION. 474

b

draws the e\m through aa many inches, or parts of an inch, m on

Becond of time as it draws the earth in the same time.

(7.) The second rule is this: "Attraction is proportional to the

mass of the body which attracts, if the distances of different attracting

bodies be the same."

(8.) Thus, suppose that the sun and Jupiter are at eqtial distances

from Saturn ; the sun is about a thousand times as big as Jupiter

;

then whatever be the number of inches through which Jupiter draws

Saturn in one second of time, the sun draws Saturn in the same time

through a thousand times that number of inches.

(9.) The third rule is this :
" If the same attracting body act upon

several bodies at different distances, the attractions are inversely

proportional to the square of the distances from the attracting body.

(10.) Thus the earth attracts the sun, and the earth also attracts the

moon ; but the sun is four hundred times as far off as the moon, and

therefore, the earth's attraction on the sun is only jj^th part of its

attraction on the moon ; or, as the earth's attraction draw^s the moon

through about ^th of an inch in one second of time, the earth's

attraction draws the sun through ^^lisoo^h of an inch in one second of

time. In like manner, supposing Saturn ten times aa far from the sun

as the earth is, the sun's attraction upon Saturn is only one hundredth

part of his attraction on the earth.

(11.) The same rule holds in comparing the attractions which one

body exerts upon another, when, from moving in different paths, and

with different degrees of swiftness, their distance is altered. Thus

Mars, in the spring of 1833, was twice as far from the earth as in the

autumn of 1832 ; therefore, in the spring of 1833, the earth's attrac-

tion on Mars was only one-fourth of its attraction on Mars in the

autumn of 1832. Jupiter is three times as near to Saturn, when-they

arc on the same side of the sun as when they are on opposite sides;

therefore, Jupiter's attraction on Saturn, and Saturn's attraction on

Jupiter, are nine times greater when they are on the same side of the

gun th£ui when they are on opposite sides.

(12.) The reader may ask. How is all this known to be true ? The

best answer is, perhaps, the following : We find that the force which

the earth exerts upon the moon bears the same proportion to gravity

on the earth's surface which it ought to bear in conformity with the

rule just given. For the motions of the planets, calculations are made,

which are founded upon these laws, and which will enable us to predict

their places with considerable accuracy, if the laws are true, but

which would be much in error if the laws were false. The accuracy

of astronomical observations is carried to a degree that can scarcely be

imagined ; and by means of these we can every day compare the

observed place of a planet with the place which was calculated before-

hand, according to the law of gravitation. It is found that they agree

DO nearly as to leave no doubt of the truth of the law. The motion of

Jupiter, for instance, is so perfectly calculated, that astronomers have

computed ten years beforehand the time at which it will pass the

meridian of different places, and we find the predicted time correct

within half a second of time.

Section II.

—

On. tlie Effect of Attraction upon a Bodyvihichxt in motion,

and on the Orbital Revolutions of Planelt anil Sateilitei.

(18.) We have spoken of the simplest effects of attraction, namely,

the production of pressure, if the matter on which the attraction acts

is supported (as when a stone is held in the hand), and the production

of motion if the matter is set at Uberty (as when a stone is dropped

from the hand). And it will easily be understood, that when a body,

is projected, or thrown, in the same direction in which the force draws

it (as when a stone is thrown downwards), it will move with a greater

Telocity than either of these ca'ises separately would have given it

;

and if thrown in the direction opposite to that in which the force

draws it (as when a stone is thrown upwards), its motion wiU become

slower and slower, and will, at last, be turned into a motion in the

opposite direction. We have yet to consider a case much more im-

portant for astronomy than either of these : Suppose that a body is

projected in a direction tran*ver»e to, or croming, the direction in which

the force draws it, how will it move ?

(14.) The simplest instance of this motion that we can imagine is

the motion of a stone when it is thrown from the band in a horizontal

direction, or in a direction nearly horizontal. We all know that the

stone soon falls to the ground ; and if we observe its motion with the

least attention, we see that it does not move in a straight line. It

begins to move in the direction in which it is thrown ; but this direc-

tion is speedily changed ; it continues to change gradually and con-

stantly, and the stone strikes the ground, moving at that time in a

direction much inclined to the original direction. The most powerful

effort that we can make, even when we use artificial means (as in pro-

ducing the motion of a bomb or a cannon-ball), is not sufficient to

prevent the body from falling at last. This experiment therefore will

not enable us immediately to judge what will become of a body (as a

planet) which is put in motion at a great distance from another body,
which attracts it (as the sun) ; but it will assist us much in judging
generally what is the nature of motion when a body is projected in a

direction transverse to the direction in which the force acts on it.

(15.) It appears then that the general nature of the motion is this

:

the body describes a curved path, of which the first part has the same
direction as the line in which it is projected. The circumstances of

the motion of the stone may be calculated with the utmost accuracy

from the following rule, called the second law of motion (the accuracy

of which has been established by many simple experiments, and many
inferences from complicated motion). If A, fig. 1, is the point from

which the stone was thrown, and a b the direction in which it was

Fig. 1.

thrown ; and if we -(vish to know where the stone will be at the end of

any particular time (suppose, for instance, three seconds), and if the

velocity with which it is thrown would, in three seconds, have carried

it to B, supposing gravity not to have acted on it ; and if giavity would

have made it fall from A to c, supposmg it to have been merely dropped

from the hand ; then, at the end of three seconds, the stone really will

be at the point D, which is determined by drawing B D parallel and

equal to A c ; and it will have reached it by a curved path a d, of which

different points can be determined m the same way for different in-

stants of time.

(16.) The calculation of the stone's course is easy, because, during

the whole motion of the stone, gravity is acting upon it with the same

force and in the same direction. The circumstances of the motion of

a body attracted by a planet, or by the sun (where the force, as we

have before mentioned, is inversely proportional to the square of the

distance, and therefore varies as the distance alters, and is not the

same, either in its amount or in its direction, at the point d as it is at

the point c), cannot be computed by the same simple method. But

the same method will apply, provided we restrict the intervals for

which we make the calculations to times so short, that the alterations

in the amount of the force, and in its direction, during each of those

times, will be very small. Thus, in the motion of the earth, as affected

by the attraction of the sun, if we used the process that we have

described, to find where the earth will be at the end of a month from

the present time, the place that we should find would be very far

wrong ; if we calculated for the end of a week, since the direction of

the force (always directed to the sun) and its magnitude (always pro-

portional inversely to the square of the distance from the sim) would

have been less altered, the circumstances would have been more similar

to those of the motion of the stone, and the error in the place that we

should find would be much less than before; if we calculated by this

rule for the end of a day, the error would be so small as to be per-

ceptible only in the nicest observations; and if we calculated for the

end of a minute, the error would be perfectly insensible.

(17.) Now a method of calculation has been invented, which amounts

to the same as making this computation for every successive small

portion of time, with the correct value of the attractive force and the

correct direction of force at every particular [lortion of time, and finding

thus the place where the body will be at the end of any time that we

may please to fix on, without the smallest error. The rules to which

this leads are simple : but the demonstration of the rules requires the

artifices of advanced science. We cannot here attempt to give any

steps of this demonstration ; but our plan requires us to give the

results. , . V
(18.) It is demonstrated that if a body (a planet for mstance) is by

some force projected from K,fi'j. 2, in the direction ab, and if the

attraction of the sun, situated at s, begins immediately to act on it,

and continues to act on it according to the law that we have mentioned

Fig. 2.

(that is, being inversely proportional to the square of its distance

from B, and always directed to s) ; and if no other force whatever but

this attraction acts upon the body; then the body will move in

one of the following curves—a circle, an ellipse, a parabola, or a

hyperbola.
. i . •

In every case the curve wiB, at the point a, have the same direction

a.4 the line A B : or (to use the language of mathematicians), A B will be

a tangent to the curve at A.

The curve cannot be a circle unless the line A B is perpendicular to

8 A, and, moreover, unless the velocity with which the planet is pro-

jected is neither greater nor less than one particular velocity deter-

mined by the length of s A and the mass of the body s. If it differs

little fi'om this ixirticular velocity (either greater or less), the body will
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moTc in an oUipM ; bat ii h ii muek graatar, Um body will mora in >

panbuU or a ItypaHxU.
If A B is oUiqin U> a, and tha Telocity of projeotion ia amall, the

body will more in an allipae ; but if Use veiooily ia gnat, it may move
in a |iaiaboia or hypartiola, but not in a oirde.

If tlie ImxIt daacriba a oirdo, thu sun ia the centre uf the circle.

If the Uidy deacribe an ellipM, the aun is nut the centre of tlie

clli|<ae, but one fooua. (The method of describing an ellipse is tu fix

two pina in a board, as at a and H,^. 8 ; to fasten a thread s ! ii to

them, and to keep this thread stretched by the point of a pencil, as

at r ; the pandl will trace oat an eUipae, and the plaoaa of the pinu

s and u wul be the two focuses.)'

n§.*.

If the body describe a parabola or hyperbola, the ann is in the
focus.

J19.) The planets describe eUIpees which are very little flattened,

1 differ very little from circles. Three or four cometa deacribe very
long ellipaea ; and nearly all the others that have been observed are

found to move in curves which cannot be distinguished from parabolas.

There is reason to think that two or three comets which have been
observed move in hyperlwlas. But as we do not propose, in this

treatise, to enter into a discussion on the motions of cometa, we shall

confine ourselves to the consideration of motion in an ellipse.

(30.) Everything that has been said respecting the motion of a
planet, or body of any kind, round the sun, in consequence of the sun's

attraction according tu the law of gravitation, applies equally well to

the motion of a satellite about a planet, since the planet attracts with
• force following the same law (though smaller) as the attraction of the
sim. Thus the moon describes an eJlipse round the earth, the earth
being the focus of the ellipse ; Jupiter's satdlites describe each an
ellipse about Jupiter, and Jupiter is in one focus of each of those
dlipsea ; the same is true of the satellites of Saturn and Uranus.

(21.) In stating the suppositions on which the calculations of orltits

are nuuic, wc have spoken of a force of attraction, and a force by which
a pLuiet is projected. But the reader must obser\'e that the nature of

these forces is wholly different. The force of attraction is one which
acts constantly and steadily without a moment's intermission (as we
know that gravity to the earth is always acting) : the force by which
the body is projected is one which we suppose to be necessary at some
past time to account for the planet's motion, but which acts no more.
The planets are in motion, and it is of no consequence to our inquiry
how they received this motion, but it is convenient, for the purposes
of calculation, to suppose that, at some time, they received an impulse
of the same kind as tnat which a stone receives when thrown from the
hand ; and this is the whole meaning of the term " projectile force."

(22.) From the same considerations it will appear that, if in any
future investigations we should wish to ascertain what in the orbit

de«cri1>ed by a planet after it leaves a certain point where the velocity

and direction of its motion are known, we may suppose the planet to

be projected from that point with that velocity and in that direction.

For it is unimportant by what means the planet accjuircs its velocity,

provided it has such a velocity there.

(23.) We shall now allude to one of the points which, upon a cursory
view, has always appeared one of the greatest difficulties in the
theorr of eUiptic revolution^ but which, when duly considered, will be
found to be one of the most simple and natural consequences of the
law of gravitation.

(24.) The force of attraction, wo have said, is inversely proportional
to the square of the distance, and is therefore greatestwhen the diHtance
b leaiL It would seem then, at first sight, that when a pknet has
approached most nearly to the sun, as the sun's attraction is then

greater than at any other time, the pUnet must inevitably fall to the
sun. But we assert that the planet begins then to recede from the
sun, and that it attains at length as great a distance as before, and goe«
on continually retracing the same orbit. How ia tliis receding from
the sun to be accounted for 1

('25.) The explanation depends oo the increase of velocity as the
plam-t apnroacbes to the pomt where its distance from the sun is len«t,

and on tne considerations by which we determine the form of the
ciir>-e which a certain attracting force will cauae a planet to dew rilw.

In explaining the motion of a stone thrown from the hand, to which
the motion of a planet fur a very small time is exactly ninillnr, we have
Man that the deflection of the atone from the straight line in which it

hagao to move is exacUy equal to the spaoe throogh which gravity
could have made it fall in the same time from reat, wnatever were the
velocity with which it waa thrown. Consequently, whan Uie stone is

thrown with verv great velocity, it will have gone a great distance
before it ia much deflected from the straight Tins, and therefore its

path Wm be vaiy little curved ; a fact familiar to the expciiunce of

avetyona. The mme thing holds with regard to the motion of a planet

;

and thus the curvatura of any part of the orbit which a pUnet deaeribaa

will not deiiend simply upon the force of the sun's attnctiun, but will

also depsmd on the velocity with which the planet is moving. The
greater is the velocity of tha planet at any point of ita arbit, the IsM
will the orbit l>e curved at that part Now if we refer to /<;. S, wa
shall lae that, supposingtha plaaat to banra passed the point o with so

small a velocity that the attraotion of the sun beods its path mj
much, and oausea it immediately to begin to approach towanls'tbe

sun : tha sun's attraotion will neoeasarily inoreaaa Ha velocity as it

moves through v, E, and r. For the aun'a attraolira forea an tb«
phmet, when the planet is at D, ia aeting in tha direotion D s, and it ia

plain that ^on account of the small incUnation of 01 to ss) the foroa

pulling in the direction D a helps the pUnat along ia ita path D >, and
there^ increases Ha velocity. Just as whan a ball rolls down a sloping

bank, the force of gravity (whose direotion ia not much inclined to the
bank) helps the t>sU down the bank, and thereby hioreases its velooity.

In this manner, the velocity of the planet will be oontinually increasing

as the pknet passes through D, m, and r ; and though the son's at-

traottva force (on aocount of tiia plaoet'i naameaa) is very much
iocraaaed, and tends, therefore, to make tha orbit more curved, yet the

velocity is so much increased that, on that aocount, the orbit is not
more curved than before. Ul>un making the caloiUation mure accu-

rately, it is found that the planet, after leaving o, approaches to the

sun more and more rapidly fur about a quarter of its time of revo-

lution ; then fur about a quuler of its time of revolution the velocity

of its approach is constantly diminishiug : and at half the periodic

time after leaving o, the planet is no longer approaching to the sun

;

and its velocity is so great, and the curvature of the orbit in conse-

quence so small (being, in fact, exactly the same as at c), that it begina

to recede. After this it recedes from the sun by exacUy the same
degrees by which it before approached it.

(28.) The same sort of reasoning will show why, when the pUmet
reaches its greatest distance, where the sun's attraction is least, it doea

not altogether fly off. As the planet passes along H, K, a, the sun's

attraction (which is always directed to the sun) retards the planet in

its orbit, just as the force of gravity retards a bidl which is IkiwIwI up
a hill ; and when it has reachod c, its velocity is extremely small ; and,

therefore, though the sun's attraction at c is small, yet the ilefU-ction

which it produces in the planet's motion is, (on account of the planet's

slowness there) suflicient to make it^ path very much curved, and the

planet approaches the sun, and goes over the same orbit as before.

(27.) The following terms will occur perpetually in the rest of thia

article, and it is therefore desirable to explain them now.

Let 8 and b. Jig. 4, be the focuses of the ellipse A B B D; draw the

Fig. 4.

line A n through s and n ; take c the middle point bMMram a and B,

and draw D c R perpendicular to a c B. Let s be that fnciis which ia the

place of the sun, (if we are speaking of a planet's orbit,) or the place of

the planet, (if we are speaking of a sateihte's orbit).

Then a n is called the major axii of the eUipsa,

c is the centre.

a c or o B is the lemi-major ana This is equal in length to s I) ; it

is sometimes called the aieon tiitfimee, because it ia half-way lietwoea

A 8 (which ia the planet's smallest distaooa from s) and B s (which ia

the planet'a greateat distance ttom s).

D K is the nuHor arit, and D c or o i the anm'-aNnor euris,

A is called the perihelion (if we are speaking of a planet'a orbit) ; the

perigee (if we are qieaking of the orbit described by our moon about

the eartii) ; the perijme (if we are speaking of the orbit described by

one of Jupiter's satellites round Jupiter); or the periMUiur»i»m (if wa
are H|>eaking of the orbit described by coe of Saturn^ aatelUtaa aboot

Saturn.)

B, in the orbit of a planet, is called the a)>hdion ; in the moon's orUt
it is called the apogee ; in the orbit of one uf Jupiter's satdlitss, wa
sliall call it the apnjove.

A and B are Wth called aptm ; and the line a b, or tlie major axis, is

sonetaDMB called the Hate ofaptet.

I O is sometimea called the linear excenlririly ; but it is more luniai

to speak only of the projiortion which 8 o bears to A c, and this pro-

portion, expraasad by a number, is called the tatmtrialf. Thus, if

8 c were one-third of A o, we should say, that the exoentrioity of the

orbit was t, or 0-3383.

If 8 <r u drawn towards a cMrtaiB pobit in the heavens, called tha

,firtl i>oint of Ariel, then the angle T SA is called the longitude of
perihflitin (or of perigee, or of perijove, &c.).

If !• is Uie place of the ]tlanet in its orbit at any particular time,

then Uie angle T < P i« its ivngitmdt at that time, and the angle A B F
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u ite true anomaly. (The longitude of the planet is, therefore, equal

to the sum of the longitude of the perihelion, and the true anomaly of

the planet.) The line s p is called the radius vector.

In all our diagrams it, is to be understood, that the planet, or

satellite, moves thiough its orbit in the direction opposite to the

motion of the hands of a natch. This is the direction in which all the

planets and satellites would appejir to move, if viewed from any place

on the north side of the planes of their orbits.

The time in which the planet moves from any one point of the orbit

through the whole orbit, till it cornea to the same point again, is called

the planet's periodic time.

(28.) if we know the mass of the central body, and if we suppose

the revolving body to be projected at a certain place in a known
direction with a given velocity, the length of the axis major, the

excentrioity, the position of the line of apses, and the periodic time,

may all be calculated. We cannot point out the methods and formulae

uae<l for these, but we may mention one very remarkable result. The
length of the axis major depends only upon the velocity of projection,

and upon the place of projection, and not at all upon the direction of

projection.

(29.) We shall proceed to notice the principle on which the motion
of a planet, or satellite, in ita orbit, is calculated.

It is plain that this is not a very easy businees. We have already

explained, that the velocity of the planet in its orbit is not uniform

(being greatest when the planet's distance from the sun is least, or

when the planet is at perihelion) ; and it is obvious, that the longitude

of the planet increases very irregularly; since, when the planet is

near to the sun, its actual motion is very rapid, and, therefore the in-

crease of longitude is extremely rapid ; and when the planet is far

from the sun, ita actual motion is slow, and, therefore, the increase of

longitude is extremely slow. The nUe which is demonstrated by
theory, and which ia found to apply precisely in observation, is this :

—The areas described by the radius vector are equal in equal times.

This is true, whether the force be inversely as the square of the

distance from the central body, or be in any other proportion, pro-

vided that it is directed to the central body.

(30.) Thus, if in one day a planet, or a satellite, moves from A. to

a, Jiff. S i in the next day it will move firoof a to 6, making the area a

Tie. i.

s b equal to A ( a ; in the third day it will move from 6 to e, making
the oraa i equal to a B a or a s A, and so on.

(31.) Upon this principle mathematicians have invented methods of
calculating the place of a planet or ntellite, at any time (or which it

may be required. These methods are too troublesome for us to
explain here ; but we may point out the meaning of two terms which
are frequently used in these computations. Suppose, for instance, as
in the Kgure, that the planet, or satellite, occupie* ten days in de-
scribing the half of ita orbit, A.abcdefgkiB, or twenty] days in
deacribing the whole orbit ; and suppose that we wished to find its

place at the end of three da^'s after leaving the perihelion. If the
orbit were a circle, the planet would in three days have moved through
an angle of £4 degrees. If the excentrioity of the orbit were small
(that is, if the orbit did not differ much from a circle), the angle
through which the planet would have moved would not differ much
from 64 degrees. The excentrioities of all the orbits of the planets
are small ; and it is convenient, therefore, to begin with the angle 54°

01 one which is not very erroneous, but which will require some
correction. This angle (a« 64°), which is proportional to the time, is

called the mean anomaly ; and the correction which it requires, in
order to produce the true anomaly, is called the eqwUion of tkt centre.
If we examine the nature of the motion, while the planet moves from
A to B, it will be readily seen, that during the whole of that time, the
angle really deaoribed by the planet is greater than the angle which is

proportional to the time, or the equation of the centre is to be added
to the mean anomaly, in order to produce the true anomaly; but
while the planet moves in the other half of the orbit, from B to a, the
angle railly described by the planet ia Um than the angle which is
proportional to the time, or the equation of the centre is to be tub-
traded from the mean anomaly, in order to produce the true anomaly.

(32.) The sum of the moan anomaly and the longitude of perihelion
is called the mean lon:,ilude of the planet. It is evident, that if we
add the aquation of the centre to the mean longitude, while the planet
JM moving from a to b, or subtract it from the mean longitude, while
the planet is moving from a to b, as in (31), we shall form the true
longitude.

(33.) The reader will see, that when the planet's true anomaly is
calculated, the length of the radius vector can be computed from a
knowledge of the properties of the ellipse. Thus the place of the

planet, for any time, is perfectly known. This problem has acquired

considerable celebrity under the name of Kepler's problem.

(34.) There remains only one point to be explained regarding the
undisturbed motion of planets and satellites ; namely, the relation

between a planet's periodic time and the dimensions of the orbit in

which it moves.

Now, on the law of gravitation it has been demonstrated from
theory, and it is fully confirmed by observation, that the periodic time
does not depend on the excentricity, or on the perihelion distance, or

on the aphelion distance, or on any element except the mean distance

or semi-major axis. So that if two planets moved round the sun, one
in a circle, or in an orbit nearly circular, and the other in a very flat

ellipse; provided their mean distances were equal, their periodic times

would be equal. It is demonstrated also, that for planets at different

distances, the relation between the periodic times and the mean dis-

tances ia the following : The squares of the number of days (or hours,

or minutes, &c.) in the periodic times have the same proportion as the

cubes of the numbers of miles (or feet, &o.) in the mean distances.

(35.) Thus the periodic time of Jupiter round the sun is 4382'7

days, and that of Saturn is 10759'2 days ; the squares of these num-
bers are 18772289 and 115760385. The mean distance of Jupiter

from the sun is about 487491000 miles, and that of Saturn is about
893955000 miles ; the cubes of these numbers are 1158496 (20 ciphers),,

and 7144088 (20 ciphers). On trial it will bj found, that 18772289
and 115760385 are in almost exactly the same proportion as 1158496
and 7144088.

(36.) In like manner, the periodic times of Jupiter's third and fourth

satellites round Jupiter are 7'15455 and 16'68877 days ; the squares of

these numbers are 61'1876 and 278'515. Their mean distances from
Jupiter are 670080 and 1178560 miles ; the cubes of these numbers
are 300866 (12 ciphers), and 1687029 (12 ciphers), and the proportion

of 511876 to 278'515 is almost exactly the same as the proportion of

300866 to 1637029.

(37.) It must however ba observed that this rule applies in com-
paring the periodic times and mean distances, onli/ of bodies which
revolve round the tame central body. Thus the rule applies in com-
paring the periodic times and mean distances of Jupiter and Saturn,

because they both revolve round the sun ; it applies in comparing the

periodic times and mean distances of Jupiter's third and fourth satel-

lites, because they both revolve round Jupiter; but it would not apply

in comparing the periodic time and mean distance of Saturn revolving

round the sun with that of Jupiter's third satellite revolving round
Jupiter.

(38.) In comparing the orbits deocribed by different planets, or
satellitea, round different centres of force, theory gives us the following

law :—The cubes of the mean distances are in the same proportion aa

the products of the maai by the square of the periodic time. Thus,
for instance, the mean distance of Jupiter's fourth satellite from
Jupiter is 1178560 miles; ita periodic time round Jupiter is 16-68877

days ; the mean distance of the earth from the sun is 93720900 miles

;

its periodic time round the sun is S65°2564 days ; also the moss of

Jupiter is uJUth the sun's mass. The cubes of the mean distances are

respeotivelyl637029 (12 ciphers), and 823365 (18 ciphers) ; the pro-

ducts of the squares of the times by the masses are respectively

0'2652S2 and 133412; and these numbers are in the same proportion
as 1637029 (12 ciphers), and 823865 (18 ciphers).

(39.) The three rules—that planets move in ellipses, that the radius

vector in each orbit passes over areas proportional to the tunes, and
that the squares of tie periodic times are proportional to the cubes of

the mean distances,—are commonly called Kepler's laws. They were
discovered by Kepler from observation, before the theory of gravita-

tion was invented; they were first explained from the theory by
Newton, about the year 1880.

(40.) The last of these is not strictly true, imless we suppose that

the central body is absolutely immoveable. "This however is evidently

inconsistent with the principles which we have laid down in Sectien I.

In considering the motion, lor instance, of Jupiter round the sun, it ia

necessary to consider that, while the sun attracts Jupiter, Jupiter

is also attracting the sun. But the planets are so small in comparison
with the sun (the lai^est of them, Jupiter, having less than one-

thousandth part of the matter contained in the sun), that in common
illustrations there is no need to take this consideration into account.

For nice astronomical purposes it is taken into account in the following

manner :—The motion which the attraction of Jui)iter produces in the

sun is less than the motion which the attnoction of the sun produces

in Jupiter, in the same proportion in which Jupiter is smaller than
the sun. If the sun and Jupiter were allowed to approach one another,

their rate of approach would be the turn of the motions of the sun and
Jupiter, and would therefore be greater than their rate of approach, if

the sun were not moveable, in the same proportion in which the sum
of the masses of the sun and Jupiter is greater than the sun's mass

;

that is, the rate of approach of the sun and Jupiter, both being free,

is the same aa the rate of approach would be if the sun were fixed,

provided the sun's mass were increased by adding Jupiter's mass to it.

Consequently, in comparing the orbits described by different planets

round the sun, we must use the rule just laid down, supposing the

central foroe to be the attraction of a mass equal to the sum of the sun

and thefplanet; and thus we get a proportion which is rigorously
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: for dUfcnat pUiMU, or artn tor differaot bodia* nrolTing round
dSKKDt oantow of fane, th* oubai of th« ama diitanoM ue in the

MB* proportion • the prodnels of the aquare of the periodic time by

the com of the ithmm of the attncting end attncted body.

SKfflOii IIL—Omttul Nttimu^ PtrUriaHm; and PtrturhatUm 0/

Oie BUmmIt of Oiiiil*.

(41.) We have epoken of the motion of two bodies (aa the son and a

planet) aa if no other attracting body existed. But, aa we have stated

ia SaotioD L, every planet and erery satellite attracto the aonand every

otherplanet and satellite. It is plain now that, aa each planet is attracted

very ^ifEtrently at diffiarent times by the other planets whose position

is psfpetually Taiying, the motion is no longer ue same aa if it waa

osuy sttnu>t«d by the sun. The planeta therefore do not move exactly

in ellipaes ; the radius vector of each planet does not pass over areas

exactly proportional to the times ; and the proportion of the cube of

the mean distanoe to the product of the square of the periodic time

by the sum of the mnssm of tiie sun and the planet, is not strictly the

aauM for all. Still the disturbing foroee of the other planets are so

nail in comparison with the attraction of the sun, that these laws are

vary nearly true ; and (except for our moon and the other satellites) it

Ja only by accurate obaervation, continued for some yean, that the

affoota of perturbation can be made sensible.

(4S.) The investigation of the effects of the disturbing forces will

eonaist of two parts : the examination into the effects of disturbing

foroea generally upon the motion of a planet, and the examination into

the kind of disturbing force which the attraction of another planet

producer We shall commence with the former ; we shall suppose

that a planet is revolving round the sun, the sun being fixed (a sup-

position made only for present convenience), and that some force acts

on the planet without acting on the sun (a restriction introduced only

fur convenience, and which we shall hereafter get rid of ).

(48.) The princi|>le upon which we shall explain the effect of this

force is that known to matheuiaticions by the name of rariation 0/
tUmeuU. The planet, as we have said, describes some curve which is

not strictly an ellipse, or indeed, any regularly formed curve. It will

not even describe the same curve m successive revolutions. Yet its

motion may be represented by supposing it to have moved in an ellipse,

provided we suppose the elements of the ellipse to have been per-

petually altering. It is plain that by this contrivance any motion
whatever may be represented. By altering the major axis, the excen-

tricity, and the longitude of perihelion, we may in many different ways
make an ellipae that will pass through any place of the planet ; and by
altering them in some particular proportions, wc may, in several ways,

make an ellipse in which the direction of motion at the place of the

planet shall be the same as the direction of the planet's motion. But
there is only one ellipse which will pass exactly through a place of the

planet, in which the direction of the motion at that place shall be
exactly the same aa the direction of the planet's motion, and in which
the velocity (in order that a body may revolve in that ellipse round

the sun) will be the same aa the planet's real velocity. The dimen-

sions and position of this ellipse may be conceived as follows ; if at

any instant we suppose the disturbing force to cease, and conceive

the planet to be as it were projected with the velocity which it

happens to have at that instant, the attraction of the sun or central

body will cause it to describe the ellipse of which we are speaking.

We ahall in future mention this by the name of the iniUuUatuout

tUipte.

(44.) If the disturbing force ceases, the planet continues to revolve

in the same ellipse, and the permanent ellipse coincides with the in-

stantaneous ellipse corresponding to the instant when the disturbing

ibroe ceases.

(45.) If the disturbing force continues to act, the dimensions of the
instantaneous ellipse are continually changing : but in the course of a
inglo revolution (even for our moon), the dimensions alter bo little,

that the motion in the instantaneous ellipae corresponding to any
instant during that revolution will veiy nearly agree with the real

motion during that revolution.

We shall now consider the effects of particular farces in altering the
dements.

(46.) (I.) Suppose that the disturbing force is always directed to the
central body. The effect of this would be nearly the same aa if the
attraction, or the mass of the central body, was increased. The
result of this on the dimensions of the orbit will be different accord-

ing to the port of the orbit where it begins to act, and may bo
gathered from the cases to be mentioned separately hereafter (we
do not insist on it at present, aa there is no instance in Uie planetary

rim of such audden oommencement of force). But at all events
relation between the mean distanoe and the periodic time will

not be the same as before ; the time will be less for the same mean
distance, or the moan distance greater for the same periodic time
than if the disturbing force did not act (38). If the dinturbing force

is always directed from the central body, the effect will be exactly
opposite. If the disturbing force does not alter, except with the
pUuiet's distance, the planet will at every suooesaive revolution

desoriba an orbit of the some size. For, as wa have stated (29),
the tadina reetor will in equal times pass over equal areas ; and

mathematicians have proved that, if the variation of force depends
only on the distanoe, the velocity of the planet will depend
only on the distanoe; and the oonaiderstion which determines

the greater or least distanoe of the planet is, that the planet, moving
with the velocity which is proper to the distanoe, cannot descrilM

the proper area in a abort time, unless it move in the direction i>er-

pendioular to the radius vector. This oonsidention will evidently

give the same values for the greatest and least distances at every

revolution. It may happen that all the greatest distances will not

be at the same place ; the body may describe audi an orbit as that

in ^.6.

Fig. 6.

(47.) (11.) If, however, the disturbing force directed to the central

body increases gradually and constantly during many revolutions,

there is no difficulty in seeing that the planet will at every revolution

be drawn nearer to the central body, and thus it will move, at every

succeeding revolution, in a smaller orbit than at the preceding one

;

and will consequently perform its revolution in a shorter time. If

the disturbing force directed to the central body diniinishes, the

orbit will become larger, and the periodic time longer. In the same
manner, if the disturbing force is directed from the central body, a
gradual increase of the disturbing force will increase the dimensions

of the orbit and the periodic time, and a gradual diminution of the

disturbing force will diminish the dimensions of the orbit and the

periodic time.

(48.) (III.) Suppose that the disturbing force acts always in the

direction in which the planet is moving. The reader mieht imagine

at first sight that this would shorten the time of revolution. The
effect, however, is exactly opposite ; for in fig. 2, if the planet be

projected from a, the reason that the sun's attraction is able to pull

the planet in at o and make it approach to itself is, that the velocity

of the planet is so small as to allow the force to cur\'e the orbit

much. If the velocity were greater, the orbit—as we have said in

(25)—would be lets curved in every part, aud would therefore pass on
the ouUide of the orbit A o D E F. The effect then of a force in the

direction of the planet's motion, which increases the planet's velo-

city, is to increase the size of its orbit ; and the bigger the orbit is,

the longer is the time of revolution. If the force acts continually,

the time of revolution lengthens continually. If the disturbing

force acts in the direction opposite to that in which the planet is

moving, the effect is to make the orbit ninallcr, and to moke the time

of revolution shorter. The retardation produced by motion through

extremely thin air is of this kind : it is found that a comet (known
by the name of Encke's comet) which moves in an eUipse, whose
length is not much greater than the diameter of Mars' orbit, per-

forms every new revolution in a shorter time than the preceding

one ; and we infer from this circumstance that it experiences some
resistance in its motion.

(49.) (IV.) There is one consideration of groat importance in the

estimation of the effects mentioned in (Il.)-and (III.). The altera-

tion of the dimensions of the orbit produces an alteration in the

periodic time, and this alters the planet's mean motion, or the num-
ber of degrees by which the mean longitude is increased in a given

time (suppose one year). The effects of these alterations are added
together at every successive revolution, and thus may produce an

alteration in the planet's mean longitude (which differs from the

true longitude only by the equation of the centre) that is vastly

mdto conspicuous than the alteration in the dimensions of the orbit.

Suppose, for instance, that a disturbing force acted on a planet

(either a constant force in the direction of its motion, or a variable

force in the direction of the radius vector), such as to increase the

mean distance by ^iiuoth part in 100 revolutions of the planet. Thia

alteration of the planet's distance from the sun could Itardly be dis-

covered by the nicest observations. But as the mean distance baa

been altered in the proportion of 10000: 10001, the periodic time

will have been altered in the proportion of 10000: 10001} nearly,

or the mean motion will have been altered in the proportion of

100014 to 10000, or 1 : 0-99986 nearly. If this alteration has gone

on uniformly, we may suppose the whole motion in the 100 revo-

lutions to have been nearly the same as if the planet had moved
with a mean motion, whose value is half way between the values of

the first and the last, or 0-999928 x the original moan motion.

Therefore, at the time when we should expect the planet to have

made 100 revolutions, it will only have made 92-9925 revolutions, or

will be behind the place where we expected to see it by 0-0075 revo-

lution, or nearly three degrees ; a quantity which could not fail to

bo noticed by the coarsest obemrer. To use a borrowed illustration,

the alteration of the mean distance in an orbit produces the same

kind of effect as the alteration of the length of a clock pendulum
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which, though bo small as to be insensible to the eye, will in a few

days produce a very greiit effect on the time shown by the clock.

(50.) (V.) Now, suppose the orbit of the planet or satellite to be an

ellipse ; and suppose a disturbing force directed to the central body

to act upon the planet, &c., only when it is near its perihelion or

perigee, &c. In Jig. 7, let a B be the curve in which the planet is

Fig. 7«

Fig. 7.

moving, and let the dotted line B c D a represent the orbit in which

it would have moved if no disturbing force had acted, c being the

place of perihelion. At B let the disturbing force, directed towards

s, begin to act, and let it act for a little while, and then cease. The
planet is at tliat place approaching toward the sun, and the direction

of its motion makes an acute angle with SB. It is evident that the

disturbing force, which draws the planet more rapidly towards the

sun without otherwise affecting its motion, will cause it to move in

a direction that makes a more acute angle with s B. The part of the

new path, therefore, which is nearest to the sun (that is, the new
perihelion) will be farther from B than the perihelion c of the orbit

in which the planet would have moved. The reader's conception of

this will bo facilitated by supposing the orbit, instead of a curve, to

be a straight line, as B c in Jig. 7*, and the place of perihelion to be

determined by letting fall a perpendicular s c from the sun upon the

line, when it will be seen that if the disturbing force, acting towards

8 for a short time at B, changes the path of the planet from the

direction B c to B c, the distance of the foot of the perpendicular s c

from B is greater than that of 8 c. With a curved orbit the result is

jnst the same. In other words, the planet, instead of describing B c

fig. 7, will, in consequence of the action of the disturbing force,

describe B c ; and the place of perihelion, instead of c, will be r, a

point more distant from B than c is. Now, if the disturbing force

should not act again, the planet woiUd move in an ellipse cdb, and

the line of apses. Instead of c s D, would be c s </. The line of apses

has, therefore, twisted round in the same ang\ilar direction as that

in which the planet was going ; and this is expressed by saying that

tilt line of apta progrema. If, after passing c, the disturbing force

should again act for a little while,—at e for instance,—the recess of

the planet from the sun would be diminished ; its path would be

more nearly perpendicular to the radius vector ; and, therefore, the

incUnation of the path would be such as corresponds to a smaller

distance from perihelion than the planet really has ; that is, when
the planet leaves e, the inclination of its path to the radius vector is

greater than it would have been if the planet had continued to move
in the orbit cdb, but is the same as if its perihehon had been at

some such situation as/, supposing no disturbing force to act. Now
let the disturbing force cease entirely to act, and the planet, which

at e is moving as if it had come from the |)^ihelion /, will continue

to move as if it had come from the perihelion/; it will proceed,

therefore, to describe an elliptic orbit in which fsg is the line

of apses : the line of apses has been twisted round in the some
direction as before, or the line of apses has still progressed. The
effect, then, of a disturbing force directed to the central body before

and after passing the perihelion, is to make the line of apses

progress.*

(51.) In the same manner, it will lie seen, that the effect of a dis-

turbing force, directed from the central body before and after passing

the perihelion, is to make the line of apses regress.

(52.) The motion of the planet, subject to such forces as we have

mentioned, would be nearly the same as if it was revolving in an
elliptic orbit, and this elli|>tic orbit was at the same time revolving

round its focus, turning in the same direction as that in which the

planet goes round, and always carrying it on its circumference. And
this in the easiest way of representing to the mind the r/eneral effect of

this motion ; the phytical caiue is to be sought in such explanations as

that above.

(53.) (VI.) Suppose a disturbing force directed to the centre, to act

* Thin result, and those nrhloh follow immcdintcl)', may be inferred from the

eonstniction in Newton's * Principia,' book i., sect. 3, prop. xril. U we asRumc

(as we suppose in all these investigations) the excentricity to he small, the

dist^rbint? Tirce directed to the sun will not sensibly niter the planet's velocity,

but will change the direction of its path at p, the place of action (in Newton's

Agnre) ; the length of p ii, therefore, will not be altered (since that length

depends only on the velocity), but its position will be altered, the position of

p H being determined by making the angle n p h equal to the supplement of

a p s. On trying the effects of this in different positions of p, and observing that

the immediate effect of a disturbing force directed to the centre is to increase

the rate of approach, or to diminish the rate of receding, and that the effect of a

force directed from the centre is the opposite, all the cases in the text will be

folly explained.
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upon the planet when it is near aphelion. As the planet is going
towards aphelion it is receding from the sun. The effect of the dis-

turbing force is to diminish the rate of recess from the sun ; and,

therefore, to increase the inclinatiou of the planet's path to the

radius vector. The aphelion is the place where the planet's path is

perpendicular to the radius vector. The effect of the disturbing

force, then, which increases the inclination of the planet's path to

the radius vector, will be to make that path perpendicular to the
radius vector sooner than if the disturbing force had not acted.

That is, the planet will be at aphelion sooner than it would have
been if no disturbing force had acted. The aphelion has, as it were,

gone backwards to meet the planet. If the disturbing force should

entirely cease, the planet will move in an elliptic orbit, of which
this new aphelion would be the'permanent aphelion. The line passing

through the aphelion has, therefore, twisted in a direction opposite

to the planet's motion, or the lin^ of apses has regressed. After

passing aphelion, if the disturbing force still continues to act, the

planet's approach to the sun will be quickened by the disturbing

force ; and, therefore, after some time, the planet's rate of apfiroach

will be greater than that corresponding, in an undisturbed orbit, to

its actual distance from aphelion, and will be equal to that corre-

sponding in an undisturbed orbit to a greater distance from aphelion.

If, now, the disturbing force ceases, the planet, moving as if it came
in an tmdisturbed orbit from an imaginary aphelion, will continue to

move as if it came from tJiat imxtginary aphelion ; and that imaginary

aphelion having been at a greater distance behind the planet than

the real aphelion, its place will be represented by saying that the

line of apses has still regressed. The effect, then, of a disturbing

force directed to the central body, before and after jjassing aphelion,

is to make the line of apses regress.

(54.) In the same manner it will be seen, that the effect of a dis-

turbing force, directed from the central body, before and after passing

the aphelion, is to make the line of apses progress.

(55.) (VII.) Since a disturbing force, directed to the central body, or

one directed from the central body, produces opposite effects wth
regard to the motion of the line of apses, according as it acts near

parihelion or near aphelion, it is ea.«y to perceive that there must be

some place between perihelion and aphelion, where the disturbing

force, directed to the central body, will produce no effect on the

position of the line of apses. It is found by accurate investigation,

that this point is the place where the radius vector is perpendicular

to the line of apses.*

(56.) (VIII.) The effects mentioned above are greatest when the excen-

tricity is small. Let us compare the two orbits a c B in Jig. 8 and
A c B in fig. 9, in one of which the excentricity is great and in the

C

Fig. 8.

Fig. 9,

other small : suppose the disturbing force to act for a short time at

the perihelion c, and to be nearly equal in the two orbits, so as to

deflect the new path c d from the old orbit c B by equal angles in

To the reader who is familiar with Newton's * Principia,* sect. 3, the fal-

lowing demonstration will be sufficient : The disturbiuK force, which is entirely

in the direction of the radius vector, will not alter the area described in a given

lime, and, therefore, will not alter the latus rectttm (to the sqtiare root of which

the area is proporti<'nal). But half the latus rectum of the undisturbed orbit is

the radius vector at the supposed place of action of the disturbing force {since

that radius vector is supposed perpendicular to the niiijor axis). 'Iherefore,

half the latus rectum of the new orbit is the radius vector at the point in

quei^tion ; aird, consequently, the radius vector, at the point in question, is per-

pendicular to the major axis in the new orbit ; but it was so in the undisturbed

orbit ; and, therefore, the major axes in the new orbit and the undisturbed otblt

coincide.

X I
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th» two DIM* ; with oaotra dMoriba tlia eirda cdt. Tben it i*

•ridaot that tha vary exoantrio orfait o B in ;^. S ia widaly aapanted

. from tha oirola ejt, aad thersfora, when it ia bant thmugh a giran

M^ to tka poiitiaa od, it will intoneot tha aii^ at a point d not

artint from ft In//. 9, on tha ooutniy, tha orbit CBiaoot widely

apamM from tha eircia, and tharefbra, whan it ia bmt throagh a

giran aagla, ila interaaetion d will be diataat from o. Now the new
perihelion e will be tound, in both oasaa, by biieoting od; and,

therefore, ita ohaoge of poaition in jUg. 8, where tha orbit ia venr

exoantrio, ia much leaa Uuui in/;. 9, where the exoentrioity ia amalL

Or we may atata it thua : The alteration of the plaoe of perihelion,

or ^phrlt"!!. dapanda on tha proportion which the alteration in the

•ppnaeh or innum produoad by the disturbing foroe bears to the

whole approach or raoaas; and ia therefore greateat when the

whole u>pioaoh or reoaaa ia leaat; that ia, whoi the orbit ia little

esoentric

(67.) (IX.) To judge of the effect which a disturbing force, directed to

the aun, will pn^uce on the eccentricity of a planet's orbit, let ua

uppoaa the planet to haTa left ita penhalion, and ta be moving
toward* aphelion, and, ooniequently, to be receding from the sun,

and now let the disturbing force act for s abort time. Thia will

eauae it to recede from the sun more slowly than it would have

Moaded without the action of the disturbing force ; and oonae-

qaeotly, the pUnet, without any material alteration in its velocity,

—

Hid, therefore, without any material alteration in the major axis of

its orbit (28),—will be moving iu a path mors inclined to the radius

eotor than if the disturbing force had not acted. The planet may,
therefore, be oonaidered as projected from the point a, fy. 10, in the

Fig. 10.

direction A I instead of A B, in which it was moving ; and, therefore,

instead of describing the orbit a c o, in which it was moving before,

it will describe an orliit A c j, more resembling a circle, or less excen-

tric than before. The effect, therefore, of a disturbing force directed

to the centre, while a planet is moving from perihelion to aphelion,

ia to diminish the excentricity of the orbit.

(58.) If we suppose the planet to be moving from aphelion to

periheliun, it is approaching to the sun ; the disturbing force directed

to the sun makes it approach more rapidly ; its path is therefore less

inclined to the radius vector than it would have been without the

disturbing force ; and this effect may be represented by supposing that

at s,Jig. 11, instead of moving in the direction E F in which it was

Fig. 11.

projeetad, if it is projeoted in a direetion perpandioulor to the radius
vector (which is impbed in our auppositiun, that the pUoe where the
forea aeta waa an apes in the old orbitV, the pi loe of nrojeotion will

intillibly be an apse in the new orbit ; and the line of apses, which
ia tha Ima drawn from that point through tlie sun, will be the aame
aabalora.

(62.) But if the force act for a abort time before the planet reachea
the perihelion, its principal * effect will be to increase ita velocity

;

the sun's attraction will therefore have leas power to eurve its path

(25) ; the new orbit will be, in that part, exterior to the old one. In
jig. 12, we must therefore suppose that the planet, after leaving a,

Fig. U.

moving, the planet is projected in the direction k/. Instead therefore

of describing the ellipse E a H, in which it was moving before, it will

describe such an ellipse as E ? A, which is mora excentric than the

former. The effect thcrefure of a disturbing force directed to the

centre, while a planet is moving from aphelion to perihelion, is to

increase the excentricity of the orbit.

(59.) In a similar manner it will appear, that the effect of a dis-

turbing force, directed from the centre, is to increase the excentricity

aa the pUmet ia moving from perihelion to aphelion, and to diminish it

as the planet movea from aphelion to perihelion.

(60.) (X.) Let us now by aside the consideration of a foreo acting in

the direction of the rsdiua vector, and consider the effect of a force

•oting perpendicularly to the radius vector, in the dinwtion in which
the planet ia moving. And ftrat, ita effsct on the position of the

line of apasa.

(61.) If auoh a foroa act at one of the apaes, either perihelion or

•plialion, for a abort time, it is clear that ita effect will be repreaented

by auppoaing that the velocity at that apae is suddenly increased, or

that the velocity with which the planet is projected from perihelion is

greater than the velocity with which it would have been projected if

no disturbing force had acted. Thia will moke no difference in the

position of the line of apae* ; for with whatever velocity the pluiet is

where the foroe has acted to accelerate its motion, instead of describing
the orbit a c o, proceeds to describe the orbit a cd, which at a has the
same direction (or has the same tangent a B) aa the orbit acq. It is

plain now that c is the part nearest to the sun, or e is the perihelion :

and it is evident here, that the line of apses has altered ila position
from 8 c to 8 c, or has twisted in a direction oppoaite to the »j>giilnr

motion of the planet, or has regressed.

(63.) If the force act for a short time after the phmet haa passed
perihelion, as at D, in.%. 13, the planet's velocity is increased there.

Fig. IS.

and the path described by the planet is of, instead of D r, having the
same direction at D (or having the same tangent D e), but less curved,
and therefore exterior to D r. If now we conceive the planet to have
received the actual velocity with which it is moving in d/, from
moving without disturbance in an elliptic orbit cd/ (which is the
orbit that it will now proceed to describe, if no disturbing force con-
tinues to act), it is evident that the part c D must be describctl with a
greater velocity than c D, inasmuch as the velocity at D from moving
in c D is greater than the velocity from moving in c D ; CD is there-
fore less cur\'ed than c D, and iberefore exterior to it (since it has the
same direction at D) ; and then the perihelion is some point in the
position of c, and the line of apses has changed its direction from s c
to 8 c, or has twisted round in the same direction in which the planet
is moving, or has progressed.

(64.) If the force act for a short time before paasing the aphelion, it

will be seen in the same manner that the line of apses is moide to pro-
gress. It ia only neceeaaiy to consider that (as Iwfore) the new oiiit
has the aame direction at the point h, fig. H, where the force baa acted,

Fig. U.

aa the old one, but is leas curved, and therefore exterior to it ; and the
aphelion, or poinKmost distant from the sun, is g instoad of o, and the
poaition of the line of apaea has shifted from a a to a fr- If the force

act after the pUnet has passed the aphelion, oa at c. Jig. 15, the orbit

in which we must conceive the planet to have oome, in order to have
the increased velocity, must be ; k exterior to a k ; the point most

* It ii luppoocd here, and in all our inrntigaUons, that the cxcsntricltjr of

tlic orbit if smsll, and, conMqucatl]:, tliat a force pi rpcndicular to tlia rodliu
Tcctor produco ueuly til* ssme effect u a (or«« acting in the dirscUon of a
tangent to the clUpM,
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distant from the sun must be g instead of o, and the Una of apses must
have changed from s o to 8 ^, or must hare regressed.

Fig. 15.

I

(55.) Collecting these conclusions,* we see that, if a dkturbing force

act perpendicularly to the radius vector, in the direction in which the

planet is moving, its action, while the planet passes from perihelion to

apheUon, causes the line of apses to progress ; and its action, while
the planet pAssea from aphelion to perihelion, causes the apses to

regress.

(66.) By similar reasoning, if the direction of the disturbing force ia

opposite to that in which the planet ia moving, its action, while the

pUinet passes from perihelion to aphelion, causes the line of apses to

ngraM, and while the planet passes from aphelion to perihelion causes

the apses to progrera.

(67.) (XI.) For the effect on the excentricity : suppose the disturbing
force, increasing the velocity, to act for a short time at perihelion

;

the effect is the same as if the planet were projected from perihelion

with a greater velocity than that which would cause it to describe

the old orbit. The sun's attraction therefore will not be .ible to pviU

it into so small a compass as before ; and at the opposite part of its

orbit, that is, at aphelion, it will go off to a greater distance than
before ; but as it is moving without disturbance, and, therefore, in

an ellipse, it will return to the same perihelion. The perihelion

distance therefore remaining the same, and the apheUon distance

being increased, the inequality of these distances is increased, and
. the orbit therefore is made more excentric. Now, suppose the force

increasing the velocity to act at aphelion. Just as before, the sun's
attraction will be unable to make the planet describe an orbit so

small as its old orbit, and the dist-mce at the opposite point (that is,

at periheUon) will be increased ; but the planet will retiu^ to the
same aphelion distance as before. Here, then, the inequality of

distances is diminished, and the excentricity is diminished.

(68.) Thus we see that a disturbing force, acting perpendicularly to
the radius veotor, in the direction of the planet's motion, increases the
excentricity if it acts on the planet near perihelion, and diminishes the
excentricity if it acts on the planet near aphelion. And, similarly, if

the force acts in the direction opposite to that of the planet's motion,
it diminishes the excentricity by acting near perihelion, and increases
it by acting near aphelion.

(6d.) (XII.) In all these investigations, it is supposed that the dis-

turbing force acts for a very short time, and then ceases. In future,
we shall have to consider the effect of forces, which act for a long
time, changing in intensity, but not ceasing. To estimate their
effect we must suppose the long time divided into a great number
of short times ; we must then infer, from the preceding theorems,
how the elements of the inttarUaneout dlipte (43) are changed in
each of these short times by the action of the force, which is then
disturbing the motion ; and we must then recollect, that the instan-
taneous ellipse, at the end of the Icng time under consideration, will
be the same as the permanent ellipse in which the planet will move.
if the disturbing force then ceases to act (43), and that it will, at all

events, differ very little from the curve described in the next revo-
lution of the planet, even if the disturbing force continue to act.

SlonOH IV.—0« lilt Natun of tlie Force ditturbint/ a Planet or Satellite,

froductd by the AttractUm of other Bodiet.

(70.) Having examined the effects of disturbing forces upon the
elements of a planet's or satellite's orbit, we have now to inquire into
the kind of the disturbing force which the attraction of another body
produces. The mquiry is much simpler than might at Brst sight be
expected

; and this simplicity arises, in part, from the circumstance
that (as we have mentioned in (6) ) the attraction of a planet upon the
Sim is the same as its attraction upon another planet, when the sun
and the attracted planet are equally distant from the uttr,icting planet.

(71.) First, then, wo have to remark, that the disturbing force is not
the whole attraction. The sun, for instance, attracts the moon, and
disturbs ita elliptic motion round the earth

; yet the force which dis-
turbs the moon's motion is not the whole attraction of the sun uixjn
the moon. For the effect of the attraction is to move the moon from
ths phw« where it would otherwise have been ; but the sun's attraction
upon the earth also mores the earth from the place where it would

» These conclnrionii, and those that follow, will be ewllj Inferrrd from
N«wt.jn'i cointrucllon, I'tnp. XVII., by obMrring, thot an incrrana of the
telelfr Inoroi.M the leajth of pu In Newton's flgiu-o without altering Its

otherwise have been ; and if the alteration of the earth's place is

exactly the same as the alteration of the moon's place, the relative

situation of the earth and moon will be the same as before. Thus, if,

in fig. 16, any attraction carries the earth from E to e, and carries the

Fig. IC.

moon from M to m, and if B e is equal and parallel to M m, then e m,
which is the distance of the earth and moon, on the supposition that
the attraction acts on both, is equal to E si, which is their distance, on
the supposition that the attraction acts on neither ; and the line e m,
which represents the direction in which the moon is seen from the
earth, if the attraction acts on both, is parallel to £ M, which represents
the direction in which the moon is seen from the earth, if the attrac-

tion acts on neither. The distance therefore of the earth and moon,
and the direction in which the moon is seen from the earth, being
unaltered by such a force, their relative situation is unaltered. An
attraction, therefore, which acts equally, and in the same direction, on
both bodies, does not disturb their relative motions.
From this we draw the two following important conclusions :

—
(72.) Firstly. A planet may revolve round the sun, carrying with it a

satellite ; and the satellite may revolve round the planet in nearly
the same manner as if the planet was at rest. For the attraction of
the sun on the planet is nearly the same aa the attraction of the sun
on the satellite. It is true that they are not exactly the same, and
the effects of the difference will soon form an important subject of
inquiry ; but they are, upon the whole, very nearly the same. The
moon is sometimes nearer to the sim than the earth is, and some-
times farther from the sun ; and, therefore, the sun's attraction on
the moon is sometimes greater than its attraction on the earth, and
sometimes less ; but, upon the whole, the inequality of attractions is

very small. It is owing to this that we may consider a siitellite as
revolving round a planet in very nearly the same manner (in respect
of relative motion) as if there existed no such body as the sun.

(73.) Secondly. The force which disturbs the motion of a satellite, or
a planet, is the difference of the forces (measured, as in (4), by the
spaces through which tjie forces draw the bodies respectively) which
act on the central and the revolving body. Thus, if the moon is

between the stm and the earth, and if the sun's attraction in a
certain time draws the earth 200 inches, and in the same time draws
the moon 201 inches, then the real disturbing force is the force which
would produce in the moon a motion of one inch from the earth.

(74.) In illustrating the second remark, we have taken the simplest
case that can well be imagine<l. If, however, the moon is in any other
situation with respect to the earth, some compUcation is introduced.
Not only is the moon's distance from the sun different from the
earth's distance, (which according to (9) produces an inequality in the
attractions upon the earth and moon,) but also the direction in which
the attraction acta on the earth is different from the direction in
which it acts on the moon, (inasmuch as the attraction always acts in
the direction of the line drawn from the attracted body to the attract-

ing body ; and the lines so drawn from the earth and moon to the sun
are in different directions.) The same applies in every respect to the
perturbation which one planet produces in the motion of a second
planet round the sun,'and which depend.') upon the difference in the
first planet's attractions upon the sun and upon the second planet. To
overcome this difficulty we must have recourse to geometrical con-
siderations. In fiy. 1 7, let B, be a body revolving about A, and let c be

Fl(f. n.

k

another body whose attraction disturbs the motion of b, round a
The attraction of c will in a certain time draw a to a/ it will in the
same time draw B,to A,. Make B, d^ equal and parallel to a a; then
a d, will be equal and parallel to a b,. Now if the force upon B, were
such as to draw it to </,, the motion of B, round a would not be dis-

turbed by that force But tlie force upon d, is really such aa to draw
it to 6,. The real disturbing force then may be represented as a force
which draws the revolving body from </, t(5 i,. If, iuste.id of sup-
posing the revolving body to be at B, we suppose it at B,, and if the
attraction of would draw it through a, 4., while it draws a through
A a, then (in the same manner, making B, d^ equal and jiarallel to A o)
tbo real disturbing force may be reprsseotwl by a for«« which in the
same time would draw B, through d, 4,.
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(75.) Both Uia magnitude nnd the direeUoD of (hia fona are eon-

tinually varyiog, and we muat, if poaaible, find a oonreniaat way of

repreaentiiig it We ahall have recoureo here to the " coropoeiton of

Ftf. IS.

moUoo." In Jig.\6,Udb reprcaent the apaoe through which a force

haa drawn a body in a crrtoin time, the aame effect may he produce<l

by two forcea of which one would in the aame time drew the body

from if to «, and the other wouUl in the Mune time draw the body from

• to 6. And thin ia true whatever bo the directions and lengtha of

cf € and < b, provided that with d b they form ft triangle. To accom-

modate the invenligatidna of this Section to those of Section HI., we
will suppoee d t |)ori)«udiciilnr to the radius vector, and t h parallel to

the redius vector. In jiy. 17, draw d t perpendicular to a B or a rf,

and € b parallel to a B or a cf ; and now we can aay : the disturbing

fore* produced by the attraction of c is a force repreeented by rf e

perpendicular to tlie radius vector, and a force represented by e 2i in

the direction of the radius vector.

(76.) We now want nothing but estimations of the magnitudes of

these forcea in order to apply the investigations of Section III. For

the presaat we ahall contrait ourselves with pointing out some of the

most interesting cases.

(77.) I. Let the disturbing body be exterior to the orbit of the

disturbed body: (this applies to the disturbance of the moon's

motion produced by the sun's attraction, the disturbance of the

earth's motion by Jupiter's attraction, the diMturbanco of the motion

Fig. 19. C ids » A
. ... .

of Venus by the earth's attraction, Ac. :) and first, let the revolving

body B be between the disturbing body c and the central body a
(as in fg. 19.). If the attraction of c will in a certain time draw a
to a, it will in the same time draw B to ft, where B ft is much greater

than A a. Take B rf equal to a a, then rf 6 ia the effect of the

disturbing force, which tends to draw b further from a. In this

case then, the disturbing force is entirely in the direction of the

radius vector, and directed from the central body. This is the

greatest disturbing force that can be produced by c.

(78.) II. Let CAB (fig. 20) be ia the same straight line, but let B be

Fig. 20. C <i A <J B
...

on the side of A, opposite to c. In this case B ft is less than a a ;

and if B rf is taken equal to a a, the disturbing force repre8ente<l by

d b will be entirely in the direction of the radius vector, and directed

from the central body. This case is particularly deserving of the

reader's consideration, as the effectual dutarbing force is exactly

opposite t<) the attraction which C actu.illy exerts u]K>n B.

(79.) III. The disturbing force in the case represented in fig. 19, is

much greater than that in the case of fig. 20, except c be very

distant. Thus, suppose a B to be half of a c. In the first case, the

attraction upon B (by the hw of gravitation) is four times as great

as the attraction upon A, and therefore the disturbing force (which

is the diti'erence of the forces on A and B) is three times as great as

the attraction upon a. In the second case, the distance of B is J of

the distance of a, and therefore the attraction upon b is ) of the

attraction upon A, and the disturbing force is ' of the attraction

upon A. The distturbing force in the first case is, therefore, greater

than in the second case, in the proportion of 3 to |, or 27 to 5.

This remark applies to nearly all the cases of planetary disturbance

where the disturbing planet is exterior to the orbit of the disturbed

planet, the ratio between these distances from the sun being a ratio

of not very great inequality. I3ut it scarcely applies to the moon.

For the sun's distance from the earth is nearly 400 times the

moon's distance : consequently when the moon is between the sun

and the earth, the attraction of the sun on the moon is (^Y x the

att: action of the sun on the earth, or {%fH parts of the sun's attrac-

tion on the earth, and the disturbing force therefore is rJiSSn parts of

the sun's attraction on the earth ; but when the moon is on that side

farthest from the aun, the sun's attniction on the moon is (Uj?)' or

iff |vy parts of the aun'a attraction on the earth, and the disturbing

fiirce is i^\|( parts of the sun's attraction on the earth, which is very

little leas than the former. The effects of the difference are, how-

ever, sensible.

^»
nc. 11.

•qoaltOAa. Bat rfnee c b ia alM equal to c a, K is evident that a A

will be parallel to a B, and therefore ft will bo in the line a rf. Con-

•«quentlyin thia caae also the disturbing force will lie entirely in

the direction of the radius veotor ; but here, imlike the other eases,

the disturbing fo«se is directed lotcardt the central body. The

magnitude of the disturbing force bears the aame proportion to the

whole attraction on a which 6 rf bears to B ft, or a B to a c. Thus, in

the first numerical instance taken above, the disturbing force in

thia part of the orbit ia i of the attraction on a : and in the second

niunerical instance, the disturbing force is ^ of the attraction on a.

It is important to observe that in both instanoes the disturbing

force, when wholly directed to the centre, is much leas than either

value of the disturbing force when wholly directed from the

centre : in the latter instance it is almost exactly one-half.

81. When the disturbing body is distant, the point of the orbit

which we have here considered is very nearly that determined by

drawing A B perpendicular to o A.

(82.) V. When c is distant (as in the caae of the moon disturbed by

the Sim), the disturbing forces mentioned in (III.) and (IV.) are

nearly proportional to the distance of the moon from the earth.

For the force mentioned in (IV.) this is exactly true, whether c be

near or distant, because (as we liave found) the disturbing force

bears the same proportion to t'ae whole attraction on a which a b

bears to A a With regMxl to he force mentioned in (III.) ; if we

suppoee the moon's distance from the earth to be ^ of the sun's

distance, the disturbing force when the moon is between the earth

and the sun is ,^„, parts of the sun's attraction on the earth, or

nearly jijth part. But if we suppose the moon's distance from the

earth to be ^th of the sun's distance, the attraction on the moon

(when between the earth and the sun) would be (m|)» or ffiR part*

of the attraction on the earth ; the disturbing force or the dlfferenoe

of attractions on the earth and moon, would be jgj,, or nearly ^th
part of the sun's attraction on the earth. Thus, on doubling the

moon's distance from the earth, the disturbing force is nearly

doubled : and in the same manner, on altering the distance in any

other proportion, we should find that the disturbing force is altered

in nearly the same proportion.

(88.) VI. If, while the moon's distance from the earth is not sensibly

altered, the earth's distance from the sun is altered, the disturbing

force is diminished very nearly in the same ratio in which the cube

of the sun's distance is increased. For if the sun's distance is 400

times the moon's distimce, and the moon between the earth and

the sun, we have seen that the disturbing force is nearly^th part

of the sun's attraction on the eaith at that dittance of the tun.

Now, suppose the sun's distance from the earth to be made 800

times the moon's distance, or twice the former distance : the sun's

distance from the moon will be 799 times the moon's distance, or

JJJ parts of the sun's former distance from the earth ; the attractions

on the earth and moon respectively will be ^ and JJgg? parts of the

former attraction on the earth : and the disturbing force, or the

difference between these, will be jipj, or nearly ^th part of the

former attraction of the earth. Thus, on doubling the sun's dis-

' timce, the disturbing force is diminished to Jth part of its former

value ; and a similar proposition would be found to be true if the

sun's distance were altered in any other proportion.

(84.) VII. Suppose B to have moved from that part of its orbit where

its distance from c is equal to a'b distance from c, to»vards the part

where it is between A and o. Since at the point where B's distance

from c is equal to a's distance from c, the disturbing force is in the

direction of the radius vector, and directed (<warrf< a, and since at

the point where B is between A and c, the disturbing force is in

the direction of the radius vector, but directed from a, it is plain

that there is some sittuition of B, between these two points, in which

there is no disturbing force at all in the direction of the radius

vector. On this we s^l not at present speak further : but we shall

remark that there is a disturbing force perpendicuUr to the radius

vector, at every such int«rme<liate point. This will be easily seen

from the second case of fig. 17. On going through the reasoning in

that place it will appear that, between the two points that we have

mentioned, there is always a disturbing force rf,«, perpendicular to th*

radius vector, and in the same direction in which the body is going.

If now we construct a similar figure for the situation ^„fig. 'i'i, in

(80.) IV. Suppose B, fg. 21, to be in that part of its orbit which is at

the lame mstance frtm c as the distance of a from c. The attrac-

tion of upon the t»o other bodies, whose distances are equal, will

le equal, but not in th* same direction. B ft, therefore, will be

Fig. 32.

</, 11,

which B is moving from the point between c and A to the other

point whose distance from c is equal to a's distance from c, we shall

find that there is a disturbing force rf,«, perpcndiculiu- to the radius

vector, in the direction oppowte to that in which B is going. If we

construct a figure for the situation B., in which B is moving from

the point of equal distances to the point where B is on the side of A

opposite to c, we shoU see that there is a disturbing force perpen-
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dicular to the radius vector, in the same direction in which B is

going ; and in the same manner, for the situation B, in jiq. 1 7, where

B is moving from the point on the side of a opposite c to the next

point of eciual distinees, there is a disturbing force perpendicular

to the radius vector, in the direction opposite to that in which B

is going.

(85.) The results of all these cases may be collected thus. The dis-

turbing body being exterior to the orbit of the revolving body, there

is a disturbing force in the direction of the radius vector only, directed

/rem the central body, at the points where the revolving body is on

the same side of the central body as the disturbing body, or on the

opposite side (the force in the former case being the greater) , and

directed to the central body, at each of the places where the distance

from the disturbing body is equal to the distance of the central body
from the disturbing body. The force directed to the central body
at the latter points, is, however, much less than the force directed

from it at the former. Between the adjacent pairs of these four points

there are four other points, at which the disturbing force in the

direction of the radius vector is nothing. But whUe the revolving

body is moving fix)m one of the points, where it is on the same side of

the central body as the disturbing body, or on the opposite side, to one
of the equidistant points, there is always a disturbing force perpen-

dicular to the radius vector tending to retard it ; and while it is

moving from one of the equidistant points to one of the points on the

same side of the central body as the disturbing body, or the opposite,

there is a disturbing force perpendicular to the radius vector tending

to accelerate it.

(86.) VIII. Now, let the distiu-bing body be supposed interior to the

orbit of the revolving body (as, for instance, when Venus disturbs

the motion of the earth). If b is in the situation B,, fig. 23, the

Fij. 2S.
.Bj

attraction of c draws A strongly towards B,, and B, strongly

towards a, and, therefore, there is a very powerful disturbing force

drawing B, towards a. If b is in the situation B,, the attraction of

c draws A strongly from B,, and draws B, feebly towards a ; there-

fore, there is a small disturbing force drawing B, from a. At some
intermediate points the disturbing force in the direction of the

radius vector is nothing. With regard to the disturbing force (ler-

pendicular to the radius vector : if a c is greater than ( A B„ it will

be possible to find two points, B, and B„ whose distance from c is

equal to the distance of A from c, and there the disturbing force

perpendicular to the radius vector is nothing (or the whole disturb-

ing force is in the direction of the ladius vector). A\Tiile B moves
from the position B, to B^, it will be seen by such reasoning as that

of (75) and (84), that the disturbing force, perpendicular to the

radius vector, retards b's motion ; while B moves from B, to Bj, it

accelerates b's motion ; while b" moves from B, to B, it retards b's

motion ; and while b moves from b, to b„ it accelerates b's motion.

But if A c is less than 4 a b,, there are no such points, B, B„a8 we
have spoken of ; and the disturbing force perpendicular to the radius

vector, accelerates B b5 it moves from B, to B„ and retards B as it

moves from b, to B,,

We shall now proceed to apply these general principles to particular

Sectiok V.

—

Lunar Theory,

(87.) The distinguishing feature in the Lunar Theory is the general

simplicity occasioned by the great distance of the disturbing body (the

sun alone producing any sensible disturbance), in proportion to the

moon's distance from the earth. The magnitude of the disturbing

body rendera these disturbances very much more conspicuous than any
othen in the solar system ; and, on this account, as well as for the

accuracy with which they can be observed, these disturbances have,

since the invention of the Theory of Gravitation, been considered the

best tests of the truth of the theory.

Some of the disturbances are independent of the excentricity of the

moon's orbit ; othera depend, in a very remarkable manner, upon the

excentricity. We shall commence with the former.

(88.) The general nature of the disturbing force on the moon may
b* thus stat^. (See (77) to (86).) When the moon is either at the

point between the earth and sun, or at that opposite to the sun (both

which points are called syzygies), the force is entirely in the direction

of the radius vector, and directed from the earth. When the moon is

(very nearly) in the situations at which the radius vector is perpen-
dicular to the line joining the earth and sun (both which points are

called quadratures), the force is entirely in the direction of the radius

vector, and directed to the earth. At certain intermediate points there

is no disturbing force in the direction of the radius vector. Except at

^zygies and quadratures, there is always a force perpendicular to the
radius vector, such as to retard the moon while she goes from syzygy to
quadrature, and to accelerate her whUe she goes from quadrature to
syzygy.

(89.) I. As the disturbing force, in the direction of the radius vector
directed from the earth, is greater than that directed to the earth,
we may consider that, iipon the whole, the efl'ect of the disturbing
force is to diminish the earth's attraction. Thus the moon's mean
distance from the earth is less (see (46) ) than it would have been
with the same periodic time, if the sun hatl not disturbed it. The
force perpendicular to the radius vector sometimes accelerates
the moon, and sometimes retards it, and, therefore, produces no
permanent effect.

(90.) II. But the sun's distance from the earth is subject to altera-

tion, because the earth revolves in an elliptic orbit round the sun.
Now, we have seen (83) that the magnitude of the disturbing force
is inversely proportional to the cube of the sun's distance ; and, con-
seiiuently, it is sensibly greater when the earth is at perihelion than
when at apheUon. Therefore, while the earth moves from perihelion
to aphelion, the disturbing force is continually dirainishingj and
while it moves from apheUon to perihelion, the disturbing force is

constantly increasing. Referring then to (47) it will be seen, that
in the former of these times the moon's orbit is giadually diminish-
ing, and that in the latter it is gradually enlarging. And though
this alteration is not great (the whole variation of dimensions, from

. greatest to least, being less than ^ij^„ the effect on the .angular

motion (see (49) ) is very considerable; the angmar velocity

becoming quicker in the former time and slower in the latter ; so
that while the earth moves from perihelion to aphelion, the moon's
angular motion is constantly becoming quicker, and while the earth
moves from aphelion to perihelion the moon's angular motion is

constantly becoming slower. Now, if the moon's mean motion is

determined by comparing two places observed ,at the interval of
many years, the angular motion so foimd is a mean between the
greatest and least. Therefore, when the earth is at perihelion, the
moon's angular motion is slower than its mean motion ; and when
the earth is at aphelion, the moon's angiJar motion is i|uicker than
its mean motion. Consequently, while the earth is going from
perihelion to aphelion, the moon's true place is always behind its

mean plice (as during the first half of that period the moon's true
place is dropping behind the mean place, and during the Latter half
is gaining again the quantity which it had dropped behind) ; and
while the earth is going from aphelion to perihelion, the moon's
true place is always before its mean place. This inequality is called
the moon's annual equation ; it was discovered by Tycho Brahd
from obsen-ation, about 1590 ; and its greatest value is about
10', by which the tnie place is sometimes before and sometimes
behind the mean place.

(91.) III. The disturbances which are periodical in every revolution of
the moon, and are independent of excentricity, niay thus be investi-

gated. Suppose the sun to stand still for a few revolutions of the
moon (or rather suppose the earth to be stationary), and let ua
inquire in what kind of orbit, symmetrical on opposite sides, the sun
can move. It cannot move in a circle : for the force perpendicular
to the radius vector retails the moon as it goes from b, to Bj, fig. 24,

B4

Fig. 24,

J)i I • lib

B<

.and its velocity is therefore less at b.^ than at b,, and on this account
(supposing the force directed to a at Bj equal to the force directed

to A at B,), the orbit would be more curved at B^ than at B,. But
the force directed to a at B, is much greater than at B, (see (88) )

;

and on this account the orbit would be still more curved .at B^ than
at Bj ; whereas, in a circle, the curvature is everywhere the same.
The orbit cannot therefore be circular. Neither can it be an oval

with the earth in its centre, and with its longer axis passing through
the sun, as fig. 25 ; for the velocity being small at B, (in consequence

B*

Fig. IS.

-o-
of the disturbing force perpendicular to the radius vector having
retarded it) while the earth's attraction is great (in consequence of
the nearness of Bj), and increased by the disturbing force in the
radius vector directed towards the earth, the curvature at n, ought
to be much greater than at Bj, where the velocity is great, the moon
far off, and the disturbing force directed from the earth. But, on
the contrary, the curvature at B^ is much less than at B, ; therefore,

this form of orbit is not the true one. But if the orbit be supposed
to be oval, with its shorter axis directed towards the sun, as in
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fg. M, all th« ooodiUoiw will b« aktUaad. For the Talooity tk B, ii

diminiilMHl by Uia duturbing furc* bsring acted parpendioularly to

Fif. t«.

the ndliM rector, while the moon ko*> from b, to B, ; and though,

the dirttnce frura a being greater, the earth's nttmction at B, will bo

Inw than the attraction at B, ; ret, when incrwuied l>y the dixturbiDg

forvc. ditvcted to a at B,, it will be vi-ry little less than the nttractioii

diminished by the disturbing force at B,. The diminution of velocity

then at B, being oonaiderable, and the diminution of force araall, the

cnrrature will be Increased ; and this increaae of curvature, by proper

choice of the proportions of the oval, may be precisely such as cor-

responds to the real difference of curvature in the different parts of

the oval. Hence, such an oval may be described by the moon with-

out alteration in successive revolutions.

(62.) We have here suppoaed the earth to be stationary with respect

to the sun. If however wa take the true case of the earth moving
round the sun, or the sun appearing to move round the earth, we have
only to suppose that the oval twists round after the sun, and the same
reasoning applies. The curve described by the moon is then such as

is represented in /^. 27. As the disturbing force, perpendicular to the

Fig. 17.

radius vector, acts in the same direction for a longer time than in the

former case, the difference in the velocity at syzygiee and at quadra-

tures is greater than in the former case, and tms will require the oval

to differ from a circle, rather more thou 11 the sun be supposed to

tand sUU.

(93.) If, now, in such an orbit as we have mentioned, the law of

(tiw/urm dtKhptioA of ana» ly Ike radiut vector were followed, as it

would be if there were no force pferiiendicular to the radius vector, the

angular motiou of the moou near B, and B„ Jig. 26, would be much
leas than that near B, and B,. But in consequence of the disturbing

foroe, perpendicular to the radius vector (which retards the moon from

B, to B„ and from B, to B„ and accelerates it from B, to B^, and from

B, to B,), the angular motion is still less at B, and B„ and still greater

at B, and B,. The angular motion therefore diminishes consideiably

while the moon moves from B, to B,, aud increases considerably while

it moves from B, to B^ &c. The mean angular motion, determined

by observation, u less than the former and greater than the latter,

Cooaaquently, the angular motion at B, is greater than the mean, and

that at B, is less than the mean ; and therefore (as in (90),) from B, to

B| the moon's true plaoe is before the mean ; from B, to B, the true

place is behind the mean ; from B, to B, the true place is before the

mean; and from B, to B, the true place is behind the mean. This

inequaUty is called the moon's varialum ; it amounts to about 32', by
which the moon's true pUce is sometimes before and sometimes behind

the mean place. It was discovered by Tycho Brah^, from obsen-ation

about 1590.

(U4.) We have however mentioned, in (79), that the disturbing

forces are not exactly equal on the side of the orbit which is next the

sun, and on that which is farthest from the sun ; the former being

rather greater. To take account of the effects of this difference, let

OS suppose, that in the investigation just finished, we use a mean value

o( the disturbing force. Then we must, to represent the real case,

uppoae the disturbing force near conjunction to be increased, and
that near opposition to bo diminishwL Ubserving what the nature of

these forces is (77), (78), and (84), this amounts to si^iposing that near

conjunction the force neceaaatir to make up the difference is a force

acting in the radius vector, ana directed from the earth, and a force

perpendicular to the radius vector, accelerating the moon before con-

junction, and retarding her after it, and that near opposition the forces

are exactly of the contrary kind. Let us then lay aside the considcra-

tion of all other diet\irbing forces, and consider the inequality which
I forces alone will produce. As they are very small, they will not

in one revolution alter the orbit sensibly from an elliptic form. What
then must be the excentricity, and what the position of the line of

apses that, with these disturbing forces only, the same kind of orbit

may always be described T A very little consideration of {t>^), (S8),

and (68), will show, that unleaa the line of apses pass through the sun,

the ctoentricity will either be increasing or diminishing from the

action of these forces. We must assume therefore, as our orbit is to

have the same excentricity at each revolution, that the line of apaes

baasea through the sun. Uut is the {icrigee or the apogee to bs turned
towards the sun F To answer this question we hate only to observe

that the lines of apses must progress as fast as 'h<> sxn -ippean to pro'

gtma ,
and we must tberefora ehooaa HM, poaition in which the foroea

will cause progroasion of the Une of apses. If the perigee be directed
to the sun, then the forces at both parts of the orbit will, by (SI), (54),
(45), and (66), cause the Una of 4>*<a to regress. This supposition,
then, cannot be admitted. But it the apogee be directed to the aun,
the foroea at both parts of the orbit will cause it to progress ; and by
(56), if a proper value is given to the excentricity it will progreaa
exactly as fast as the sun appears to progress. The effect, then, ofthe
diffecence of forces of which we have spoken. Is to elongate the orbit
towards the sun, aud to compress it on the opposite aide. This Irre^-
larity is called the paraUaetic ineqnalitj/.

We shall shortly sliow, that if the moon revolved In such an elliptio

orbit as wo have mentioned, the effect of the other disturbing forces

(independent of that discussed here) would be to make its line of apses
progress with a oonaiderable velocity. The force considered here,
therefore, will merely have to cause a progression which, added to that
just mentioned, will equal the sun's apparent motion round the earth.

The excentricity of the ellipse, in which it could produce this smallar
motion, will (56) be greater than that of the ellipse in which the same
force could produce the whole motion. Thus the magnitude of Um
tiarallactic inequality is considerably increased by the indirect effect of

tae other disturbing forces.

(95.) The magnitude of the forces concerned here is about i^th of
those concerned in (91), &c. ; but th^ effect is about ^th of their effect.

This is a striking instance of the difference of proportions, in foreea

and the effects that they produce, depending on the difference in their

modes of action. The inequality here discussed is a very interesting

one, from the circumstance that it enables us to determine with con-

siderable accuracy the proportion of the sun's distance to the moon's
distance, which none of the others will do, tut it is found upon calcula-

tion that their magnitude depends upon nothing but the excentrioitiea

and the proportion of the periodic times, all which are known without
knowing the proportion of distances.

(90,) The effect of this, it will be readily imderstood, is to be com-
bined with that already found. [See the Note to (134).] The moon's
orbit therefore is mora flattened on the side farthest from the sun,
and less flattened on the side next the sun, than we fount in (91) and
(92). The equable description of areas is scarcely affected by these
forces. The moou's variation therefore is somewhat diminished near
conjunction, and is somewhat increased near opposition.

(97.) It will easily be imagined, that if there is an excentricity in

the moon's orbit, the effect of the raria(>oi» upon that orbit will be
almost exactly the same as if there were no excentricity.* Thus,
supposing that the orbit without the disturbing force had such a form
as the dark line in fg. 23, it will, with the disturbing force, have such

Ftf. :s.

a form as the dotted line in th.it figure. The same must be under-
stood in many other cases of different inequalities which affect the
motion of the same body.

* Aa this general proposition is at considerable imporlancf, we shall point
out the nature of the reasoning by which (with proper alteration for different

cases), the reader osjr sstisfjr himself of its correctness. The reason whjr, tn

fig. 29, th« moon cannot describe the circle s,, (,, s„ i,, thounh it touches
at B^ and B,, and the reason that it will dcKiribe the oval b^, b„ b„ b , is,

Fi|. :«.

that the disturbing force makes the forces at b, and b, 1ms than tbsy wooM
otherwise have been, and gnatrr at B, and », than they would otherwtN have

been ; and the vclorily is, by that part of the force perpendicular to the radius

tector, mode less at a, than It would otherwise have been. So that, anlsss wa
mpposed it moving at s, with a greater Telocity than it would bavs bsd aadis.

turbed in the circle B,, »„ »„ »,, the great curvature produced by the great

force and ilimlnlshed relocity at n, would have brought it much nearer to A

than the iioini «, ; but Willi this largo Ttloelty st s,, It will go out further at

B,, and ihen the great curtalure may make It pass exactly through n,. In

Uke naaner, in fit. 30, if the velocity at b, were not greater than it would

have had undisturbed in the ellipse b,, »„ »„ »., the increased curvature at b„
produesd by the increased force and diminished velocity thne, would hare

brought It nuch nearer to a tlian the point B, ; but with a lar«e velocity at a,

it will go out at B, further than It would otherwiw have gone out, and then

the increased fnrce and dimihished velocity will ouivc its course so murh, that

It may touch the elliptic orbit »t B, ; and so on. The whole sxpUnaUon, la
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(98.) IV. We now proceed with the disturbances dependent on the

excentricity : and first with the motion of the moon's perigee. In

the first place, suppose that the perigee ia on the same side as the

sun. While the moon ia near B^, /jr. 31, that is, near perigee, the

Fig. 81. -^ -^

lis

disturbing force is directed from A ; and consequently by (51 ) the

line of apses regresses. \\'hile the moon ia near b,, that is, near

apogee, the disturbing force is also directed from A, and consequently

by (54) the line of apses progresses. The question then now is,

which is the greater, the regress, when the moon is near By or the

progress; when it is near B, ? To answer this we will remark, that

if the disturbing force directed from A were inversely proportional

to the square of the distance (and consequently less at B, than at B,),

it would amount to exactly the same as if the attraction of A were
altered in a given proportion ;

• and in that case B would describe

round A an ellipse, whose line of apsea was invariable ; or the pro-

gression produced at B, would be equal to the regression produced
at B,. But in fact the disturbing force at B, is to that at B, in the same
proportion as a B, to a B,, by (82) ; and therefore the disturbing

force at Bj is greater than that at B,, and consequently much greater

than that which would produce a progression equal to the regression

produced at B, ; and therefore the effects of the disturbing force

at B, predominate, and the line of apses progresses. The disturbing

force directed to a in the neighbourho<>d of B, and B, scarcely pro-

duees any effect, as on one side of each of those points the effect is

of one kind, and on the other side it Is of the opposite kind (55).

(99.) The disturbing force directed from a, though the only one
at B, and B,, is not however the only one in the neighbourhood of

B, and B,. AVIiile the moon is approaching to B„ the force perpen-

dicular to the radius vector accelerates the moon, and therefore,

by <65), as Bj is the place of perigee, the hne of apses regresses : when
the moon has passed B, the force retArds the moon, and therefore, by
(66), the line of apses still regresses. But when the moon is approacbingi
Bj, the force perpendicular to the radius vector accelerates the moon

;

and therefore, by (65) and (66), as B, is the place of apogee, the line of

apses progresses ; when the moon has passed B„ the force retards the
moon, and the line of apses still progresses. The question now is,

whether the progression produced by the force perpendicular to the
radius vector near B, will or will not exceed the regression produced
near b, ? To answer this we must observe, that the rate of this

progress or regress depends entirely upon the proportion t which the

one case a^ much as in the other, depends entirely upon the difference of the
foroca in the actual c**c, from tJie forcca, if the moon were not ditturbed.

Yit.W.

* The rcaroiiiug in the text majr be more fully itated thux : If, with the
original attractire force of tlxe earth there be combined another force, directed
from the earth, and always bearing the umc proportion to the earth's original
attraction, this combined force may be considered In two ways : 1st, As a
smaller attraction, always proportional to the ori^nal attraction, or inversely
proportional to the square of the distance. 2nd, As the original attraction,

with a force saperadded, which may be treated as a disturbing force. The
resnlt of the first mode of consideration will be, that the moon will describe an
Ulpse, whose line of apecs does not move. The result of the second mode of
COMiderstlon will be, that the instantaneous eUipse (in which the moon would
pcowed to move, if the additional force should cease) will have iu line of apses
ragrsMiag, while the moon is near perigee, and progressing while she is near
apogte. There is howeret no incongruity between the immobility of the line of
apsM In the first mode of consideration, and the progress or regress in the
•eooad ; because the line of opsos of the instantaneous rllipac in the second case
is an imaginary line, determined by snppoalag the disturbing force to cease, and
the moon to more undisturbed. At the apses however the lino of apses must be
the same in both methods of consideration ; since, whether the disturbing force
cease or not, the perpendicularity of the direction of the motion to the radius
vector determines the place of an apse. Consequently, while the moon moves
from one apse to the other, the motions of the line of apses in the second mode
of consideration must be such as to produce the same effect on the position of
tks line of apses as in the first mode of consideration ; that Is, they rau'st not
have altered iU place ; and hence the progression at one time must be exactly
•qoaFto the regression at the other time.

' t Soppose, for facility of conception, that the force perpendicular to the radius
veetoT ut< in only one place in each quadrant between syzygies and quadratures.
The portlofkB of the orbit which are bisected by the line of syzygies will be
dcKTibed with greater velocity in consequence of this disturbance (obstracting
all other eaniea) than the other portions. Now the curvature of any part of an
orbit does not depend on the central force simply, or on the velocity, but on the
relation between them ; so that the same curve may be described either by
leaving the central force unaltered and increasing the velocity in a given
ptoportioD, or by diminishing the central force In a corresponding proportion.

velocity produced by the disturbing force bears to the velocity of the

moon; and since from B,^ to B^, and from B3 to b,, the disturbing force

is greater than that from b, to Bj, and from Bj to B^, and acts for a

longer time (as, by the law of equable description of areas, the moon ia

longer moving-froni B., to B3 and B, than from B^ to B, and B^), and
since the moon s velocity in passing through b.^, b,, b^, is less than her

velocity in passing through B,, B,, B,, it follows that the effect in passing

through Bj, Bj, Bj, ia much greater than that in passing through B^, Bj,

and Bj. Consequently, the effect of this force also is to make the line

of apses progress.

(100.) On the whole, therefore, when the perigee is turned towards

the sun, the line of apses progresses rapidly; And the same reasoning

applies iu every respect when the perigee is turned from the sun.

(101.) In the second place, suppose that the line of apsea is per-

pendicular to the line joining the earth and sun. The disturbuig force

at both apses is now directed to the earth, and consequently by (50)

and (53), while the moon is near perigee, the disturbing force causes

the line of apses to progress, and while the moon is near apogee the

disturbing force causes the line of apses to regress. Here, as iu the

last article, the effects at perigee and at apogee would balance if the

disturbing force were inversely proportional to the square of the dis-

tance from the earth. But the disturbing force is readly proportional

to the distance from the earth ; and therefore, as in (98), the effect of

the disturbing force, while the moon is at apogee, preponderates over

the other ; and therefore the force directed to the centre causes the

line of apses to regress.

(102.) We must also coa'iider the force perpendicular to the radius

vector. In this instance that force retards the moon while she ia

approaching to each apse, and accelerates her as she recedes from it.

The effeat is, that when the moon is near perigee the force causes the

line of apics to progress, and when near apogee it causes the line of

apses tti regress (65) and (66). The latter ia found to preponders>te,

by the same reasoning as that in (99). From the effect, then, of both
causes, the line of apses regresses rapidly in this position of the line of

apses.

(103.) It is important to observe here, that the motion of the line

of apses would not, as iu (56), be greater if the excentricity of the orbit

were smaller ; for, though the motion of the line of ap^es is greater in

l>rojMrlion to the force which caiLsei it when the excentricity is smaller,

yet, in the present instance, the force which causes it is itself propor-

tional to the excentricity (inasmuch as it is the difference of the forces

at perigee and apogee, which v.-ould be equal if there were no excen-

tricity) : so that if the excentricity were mads less, the force which
causes the motion of the line of apses would also be made less, and ths
motion of the line of apses would be nearly the same as before.

(104.) It appears, then, that when the line of apses passes through
the sun, the disturbing force causes that line to progress ; when the

earth has moved round the sun, or the sun has appeared to move
round the earth, so far that the line of apses is perpendicular to the
line joining the sun and the earth, the line of apses regresses from the
effect of the disturbing force ; and at some intermediate position it

may sasily be imagined that the force produces no effect on it. It

becomes now a matter of great interest to inquire, whether, upon the
whole, the progression exceeds the regression. Now, the force perpen-

dicular to the radius vector, considered in (99), is almost exiictly equal
to that considered in (102) ; so that the progression produced by that
force when the line of apses i>asses through the sun, is almost exactly

equal to the regression which it produces when the line of apses is

perpendicular to the line joining the earth and sun ; and this force

may therefore be considered as producing no effect (except indirectly,

as will be hereafter mentioned). But the force iu the direction of the
radius vector, tending from the earth in (98), is, as we have mentioned
in (80), almost exactly double of that tending to the earth in (101),

and therefore its efl'ect predominates ; and therefore, on the whole, the
line of apses progresses. In fact, the progro^, when the line of apses

pa£s« 4 through the sun, is about 11° iu each revolution of the moon ;

the regress, when the line of apses is perpendicular to the line joining

the earth and sun, is about 9*" in each revolution of the moon.
(105.) The progression of the line of apses of the moon is considerably

and leaving the velocity unaltered. Consequently, in the case before us, the

same curve will be described as if, without alteration of velocity, the central

force were diminished, while the moon passed through the portions bisected by
the line of syzygies. If now the imaginary diminution of central force were in

the same proportion (that is, if the real increase of velocity were in the same
proportion) at both syzygiei^, which hcie coincide with the apses, the regression

of the line of apses produced at perigee would be equal to the progression

produced at apogee. But the increase of velocity produced by the force

perpeiulicular to the radius vector near apogee is much greater than that near
perigee. First, because the force is greater in proportion to the dit«tance.

Second, because the time of describing a given small angle is greater in pro-

pottlon to the square of the distance ; so that the acceleration produced while

the moon passes through a given angle is proportional to the cube of the dis-

tance. Third, because the velocity, which i* increased by thii* accelciution, is

inversely proportional to the distance ; so that the ratio in which the velocity ia

Increased is proportional to the fourth power of the distance. The effect at the

greater distance therefore predominates over that at the smaller distance ; and

therefore, on the whole, the force perpendicular to the radius vector produces

an effect similar to its apogcal effect ; tliat is, It causes the line of apses to

progress.
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iMtw thao the 6nt omwidanition wmM lead iu to think, for the

Mlowing TCMon* :—

(lOa.) Flntly. The «»rth i« rerolving miincl the »un.ortho lun apiienn

to nioTe round the earth, in tlic mine directioii in which the uioou

ia going. Thia lengthen* the time fur whiob the nun aet> in any one

manner u)>on the moon, but it lengthena it more for the time iu

which the moon ia moving alowly, than for that in which it ia moving

quickly. Thoa, auppoae Uut the moon's angular motion when she

ia near perigee ia fourteen timea the aun's angular motion ; and when

near apegee, raly ten timea the aun's motion. Then ahe naaaea the

lun at the former time (aa Been from the earth), with tiuia of her

whole motion, but at the l«lt«r witli only ^tha; conaequcntly, when

nav perigee, the time in which the moon paaaea thmngb n given

angle from the moving line of 8}T!ygiea(or the time in which the

angle between the aun and moon increaaea by a given quantity),

ia Utha of the time in which it would have passed through the aamo

•n^, had the sun been stationary ; when near apogee, the number

ezpresBng the proportion is ^"ths. The hktter number is greater

than theformer ; and, therefore, the effect of the forceit acting near

i^wgee it increaaed in a greater pro|K>rtion than that of the forces

aeting near perigee. And as the effective motion of the line of apses

ia produced by the excess of the apogeal effect above the perigeal

effect, a very small addition to the former will bear a considerable

proportion to the effective motion previously found ; and thus the

effective motion will be sensibly increased.

(107.) Secondly. When the lino of aiwes is directed toward the sun,

the whole effect of the force is to make it progress,—that is, to move

in the same direction as the sun : the sun passes through about 2r
in one revolution of the moon, and therefore departs only 16° from

the line of apses ; and therefore the apse continuea a long time near

the sun. When at right angles to the line joining the earth and sun,

the whole effect of the force is to make it r^ress ; and, therefore,

moving in the direction opposite to the sun's motion, the angle

between the sun and the line of apses is increa»e<l by 36° in each

revolution, and the line of apses soon escapes from this position.

The effect of the former force is therefore increased, while that of

the latter is diminished ; and the preponderAUce of the former is

much increased. It is in increasing the rapidity of progress at one

time, and the rapidity of regress at another, that the force perpen-

dicular to the radius vector indirectly increases the effect of the

former in the manner just described. .

(108.) From the combined effect of these two causes, the actual pro-

grasnon of the line of apaee is neifrly double of what it would have been

if, in different revolutions of the moon, different parte of ite orbit had

been equally subjected to the disturbing force of the sun.

(109.) The line of a|>8es, upon the whole, therefore, prrogresses ; and

(as calculation .-ind observation agree in showing) with an angular

Telocity that makes it (on the average) degcribe 3" in each revolution

of the moon, and that carries it completely round in nearly nine years.

But as it sometimes progresses and sometimes regresses for several

months together, ite motion ite extremely irregular. The general

motion of the line of aiises has been knonii from the earUest oges of

astronomy.

(110.) V. For the alteration of the excentricity of the moon's orbit

:

first, let us consider the orbit in the position in which the line of

apaea paaaea through the sun, Jiy. 31. While the moon moves from

B, (the perigee) to B, (the apogee), the force in the direction of the

radius vector ia sometimes directed to the earth, and sometimes from

the earth ; and, therefore, by (57) and (59), it sometimes diminishes

the excentricity and sometimes increases it. But while the moon
moves from B, to B,, there are exactly equal forces acting in the same

manner at correiijx)nding parte of the halfK)rbit, and these, by (58),

will produce effecte exactly opjioBito. On the whole, therefore, the

disturbing force in the direction of the radius vector produces no

effect on the excentricity. The force ])erpendicular to the radius

vector increaaea the moon's velocity when moving from B, to B,, and

diminishes it when moving from B, to B, ; in moving, therefore,

from B, to B„ the excentricity is increaaed (65) ; and in moving from

B, to B„ it is as m\ich diminished (66). Similarly, in moving from

B to B„ the excentricity is diminished ; and in moving from n, to

B*, it is aa much increased. This force, therefore, produces no effect

on the excentricity.

On the whole, therefore, while the line of apses passes through

the sun, the disturbing forces produce no effect on the excentricity

of the moon's orbit.

(111.) When the Une of apaes is perpendicular to the line joining

the earth and sun, the same thing is true. Though the forces near

parigae and near apogee are not now the same aa in the last caae, their

tfibcta on different i^ea of perigee and apogee balance each other in

the same way.

(112.) But if the line of apses is inclined to the line joining the earth

and sun, aa in Jig. 32, the effecte of the forces do not baUnce. While

the moon ia near B, and near B, the disturbing force in the radius

vector is directed to the earth ; at B, therefore, (58), as the moon is

moving towards perigee, the excentricity is increaaed ; and at B,, as the

moon u moving from perigee, the excentricity is diminished. From

the alowneaa of the motion at b, (which gives the diaturblng foroe

more time to produce ite efieoto), and the greatness of the foroe, the

Bt^ Ja
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effect at B, will preponderate, and the combined effucU at u, and B, will

diminish the excentricity. Tliis will appear from re.uoning of the same
kind as that in {V8). At B, and B, the force in the radius vector is

directed from the earth : at B„ therefore, by (59), as the moon is

moving from perigee, the excentricity is increased, and at B, it is dimi-

nished ; but from the slowness of the motion at B, and the magnitude

of the foixsc, the effect at B, will pre[>onderate, and the combinecl effecte

at B, and B, will diminish the excentricity. On the whole, therefore,

the force in the direction of the radius vector diminishes the excen-

tricity. The force perpendicular to the radius vector retards the moon
from B, to B,, but the first part of this motion may be considered near

perigee, and the second near apogee, and, tlierefore, in the first part, it

diminishes the excentricity, and in the second increases it ; and the

whole effect from B, to B. is very small. Similarly, the whole effect

from B, to B, ia very small. But froin B, to n, the force accelerates

tlie moon, and, therefore, by (68), (the moon being near perigee)

increases the excentricity ; and from B, to B, the force also accelerates

tiie moon, and by (68) (the moon being near apogee) diminishes the

excentricity; and the effect is much* greater (from the slowness of

the moon and the greatness of the force) between B, and B„ than

between B, and B„ and therefore the combined effect of the forces iu

theee two quadranto is to diminish the excentricity.

On the whole, therefore, when the line of'aiwcs is inclined to the

line joining the earth and sun, in such manner that the moon passes

the line of apses before passing the line joining the earth and sun, the

excentricity is diminished at every revolution of the moon.

* (113.) In the same manner it will appear that if the line of apses Is

Kig. 33.

80 inclined that the moon passes the line of apses after passing the line

joining the earth and sun, the excentricity is increased at every revo-

lution of the moon. Here the force in the radius vector is directed to

the earth, as the moon moves from perigee and from apogee ; and is

directed from the earth as the moon moves to perigee and to apogee

;

which directions are just opposite to those in the case already con-

sidered. Also the force perpendicular to the radius vector retards the

moon both near jierigee and near apogee ; and this is opposite to the

direction in the case already considered. On the whole, therefore, the

excentricity is increased at every revolution of the moon.

(114.) In every one of these cases the effect is exactly the same if

the sun be supjKised on the side of the moon's orbit, opiKwite to that

represented in the figure.

* To the render who i» ocquaintcil with Nowton'i 3rd spclion, the following

demonfttralion of this jjoint will bp nufflcicnt ; Four times the reciprocal of the

latut rectum i> equal to the sum of the rrciprocala of the apogeal and perineal

distances. The effect of an Increase of velocity at perigee in a given proportion

Is to alter the area dcwribcd In a given time in the i>amc proiwrtion, and there-

fore to alter the tntia rcrtiim in a corresi>onding proportion. Confcquently an

increase of velocity at jHrigee in a given proiMjrtion alters the reciprocal of the

apogeal diKtancc by a given quantity, and therefore alters the apogral dintanec

by a quantity nearly proportional to the square of the apogeal distance j and

therefore the ratio of the alteration of apocesl distance to apogeal iliBUnce (on

which the alteration of excentricity depends) is nearly proportional to the

apogeal distance. Similarly, if the velocity at apogee Is Increascil in a given

proportion, the ratio of the alteration of pcrlgrat distance to perigeal distance

(on which the alteration of excentricity dejiends) is nearly proportional to the

perigeal distance. Tliun If the velocity were increased in the same proportion

St perigee and at apogee, the Increase of excentricity at the former would be

greater than the diminution at the Utter, In the proportion of apogeal distance

to perigeal distance. But In the case before us, the proportion of Increase of

velocity li much greater at apogee than at perigee. First, because the force Is

greater (being In the same prajMrtion as the distance). Second, because the

time In which the moon describes a given angle la greater ( being In the same

proportion as the square of the distance), ao that the increase of velocity is In (

the proiwrtion of the cube of the distance. Third, because the actual velocity Is

lets (being inicrsely as the distance], so that the ratio of the increase to the

actoal veloi iiv U proportional to the fourth jKiwer of the dUlance. Combining

this proporUo'n with that above, the alterations of exeenlricity in the case before

I <, produced by the* force* acting at apogee and at perigee, are in the proporUon

01 the cubes of the apogeal and perigeal distances respectively.



497 GRAVITATIOX. OKAVITATION.

(115.) Now the earth moves round the siin, and the sun therefore

appears to moye round the earth, in the order successively represented

by the/sr». 31, 32, and 33. Hence; then ; when the sun is iu the hne
of the moon's apses, the excentricity does not alter (110) ; after this it

diminishes till the sun is seen at right angles to the hne of apses (112)

;

then it does not alter (111); and after this it increases till the sun

reaches the line of apses on the other side. Consequently, the excen-

tricity is greatest when the line of apses passes through the sun, and is

least when the line of apses is perpendicular to the line joining the

earth and sun.

The amount of this alteration iu the excentricity of the moon's orbit

ia more than ith of the mean value of the excentricity; the excentricity

being sometimes increased by this part, and sometimes as much dimi-

nished ; so that the greatest and least excentricities are nearly in the

proportion of 6 : 4 or 3 : 2.

(116.) The principal inequalities in the moon's motion may therefore

be stated thus

:

Ist. The elliptic inequality, or equation of the centre (31), which would
exist if it were not disturbed.

2nd. The annual equation (90), depending on the position of the
earth in the earth's orbit.

3rd. The rariatinn (93), and parallactic inequality (94), depending on
the position of the moon with respect to the sun.

4th. The general prajremon of the moon t perigee (104).

Bth. The irregularily in the motion of the perigee, depending on the
position of the perigee with respect to the sun (109).

6th. The alternate increase and diminution of the excentricity, depending
on the position of the perigee with respect to the sun (115).

Thene inequalities were first explained (some imperfectly) by New-
ton, about 1680.

(117.) The effects of the two last are combined into one called the
erection. This is by far the largest of the inequalities affecting the

moon's place : the moon's longitude is sometimes increased 1° 15' and
sometimes diminished as much by this inequality. It was discovered
by Ptolemy, from oVjservation, about a.d. 140.

(118.) It will easily be imagined that we have here taken only the
principal inequalities. There are many others, arising chiefly from
small errors in the suppositions that we have inade. Some of these,

it may easily be seen, will arise from variations of force which we
have already explained. Thus the difference of disturbing forces at

conjunction and at opposition, whose principal effect was discussed in

(94). will also produce a sensible inequality in the rate of progression

of the line of apses, and in the dimensions of the moon's orbit. The
alteration of disturbing force depending on the excentricity of the
earth's orbit will cause an alteration in Uie magnitude of the variation

and the erection. The alteration of that part mentioned in (94)
produces a sensible effect depending on the angle made by the moon's
radius vector with the earth's line of apses. All these, however, are
very small : yet not so small but that, for astronomical purposes, it is

necessary to take account of thirty or forty.

(119.) There is, however, one inequaUty of great historical interest,

affecting the moon's motion, of which we may be able to give the
reader a general idea. We have stated in (89) that the effect of
the disturbing force is, upon the whole, to dimmish the moofi's gravity
to the earth : and in (90) we have mentioned that this effect is greater
when the earth is near perihelion, than when the earth is near aphelion.

It is found, upon accurate investigation, that half the sum of the
effects at perihelion and at aphelion is greater than the effect at mean
distance, by a small quantity depending on the excentricity of the
earth's orbit : and, consequently, the greater the excentricity (the
mean distance being unaltered) tLe greater is the effect of the sim's
disturbing force. Now, in the lapse of ages, the earth's mean distance
is not sensible altered by the disturbances which the planets pro<Iuce

in its motion; but the excentricity of the earth's orbit is sensibly
diminished, and has been diminishing for thousands of years. Con-
sequently the effect of the sun in disturbing the moon has been
gradually diminishing, and the gravity to the earth has therefore, on
the whole, been gradually increasing. The size of the moon's orbit
has therefore, gradually, but insensibly, diminished (47) : but the
moon's place in its orbit has sensibly tdtered (49), and the moon's
angular motion has appeared to be perpetually quickened. This phe-
nomen was known to astronomers by the name of the acceleration of the
moon't mean motion, before it was theoretically explained in 1787, by
L.tplace : on taking it into account, the oldest and the newest obser-
vations are equally well represented by theory. The rate of progress
of the moon's line of apaea has, from the same cause, been somewhat
diminished.

Sectio.^ \l.—Theory of Jupiler't Satellitet.

(150.) Jupiter has four satellites revolving round him in the same
mamier in which the moon revolves round the earth ; and it might
seem, therefore, that the theory of the irregtilarities in the motion
of these satelUtes is similar to the theory of the irregularities iu the
mtmn's motion. But the fact is, that they are entirely different. The
fourth satellite (or that revolving in the largest orbit) has a small irre-
gularity analogous to the moon's variation, a small one similar to the
evection, and one similar to the annual equation : but the last of
these amounts only to about two minutes, and the other two are very
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much less. The corresponding inequalities in the motion of the other

satellites are still smaller. But these satellites disturb each other's

motions, to an amount and in a mauuer of which there is no other
example in the solar system ; and (as we .shall afterwards mention)
their motions are affected in a most remarkable degree by the shape of

Jupiter.

(121.) The theory, however, of these satellites is much simplified by
the following circvunstances :—First, the disturbances produced by the
sun may, except for the most accurate computations, be wholly
neglected. Secondly, that the orbits of the two inner satellites have
no excentricity independent of perturbation. Thirdly, that a very
remarkable relation exists (and, as we shall show, necessarily exists)

Between the motions of the three first satellites.

Before proceeding with the theory of the first three satellites,

we shall consider a general proposition which applies to each of them.

(122.) Suppose that two small satellites revolve round the same
planet; and that the periodic time of the second is a very little

greater than double the periodic time of the first ; what is the form of

the orbit in which each can revolve, describing a curve of the same
form at every revolution ?

(123.) The orbits will be sensibly elliptical, as the perturbation

produced by a small satellite in one revolution will not sensibly alter

the form of the orbit. The same form being supposed to be described

each time, the major axis and the excentricity are supposed invariable,

and the position of the line of apses only is assumed to be variable.

The question then becomes. What is the excentricity of each orbit,

and what the variation of the position of the line of apses, in

order tliat a curve of the same kind may be described at every

revolution i

(124.) In/(/. 34, let B,, B„ B., represent the orbit of the first, and

Fig. 34.

c„ c„ c,,the orbit of the second. Suppose that when B was at Bj, c was
af c,, so that a, b,, c„ were in the s.'ime straight line, or that b and o
were in conjunction at these points. If the periodic time of c were
exactly double of the periodic time of b, b would have nia*le e.xoctly

two revolutions, while o made exactly one; and, therefore, b and c
would again be in conjunction at b„ and c,. But as the periodic time
of c is a little longer than double that of B, or the angular motion of o
rather slower than is supposed, B will Have come up to it (in respect
of longitude as seen from a) at some liue Bj c^, which it reaches

before reaching the former line of conjunction B c,. And it is plain

that there has been no other conjunction since that with wliiuh we
started as the successive conjunctions can take place only when one
satellite has gained a whole revolution on the other. The first con-
junction then being in the Une a b, c„ the next will be in the line

A b^ c,, the next in a line a b, Cj, still farther from the first, &o. ; so

that the Une of conjunction will regress slowly; and the more nearly
the periodic time of one s.-itellite is double that of the other, the more
slowly will the Une of conjunction regress.

(123.) As the principal jKirtof the perturbation ia produced when the
satellites are near conjunction (in consequence of the smallness of their

distance at that time), it is sufficiently clear that the position of tlia

line of apses, as influenced by the perturbation, must depend on the
position of the line of conjunction ; and, therefore, that the motion
of the line of apses must be the same as the motion of the line of con-
junction. Our question now becomes this : What must be the
excentricities of the orbits, and what the positions of the perijoves,

in order that the motions of the lines of apses, produced by the
perturbation, may be the same as the motion of the line of con-

junction ?

(126.) If the line of apses of the first sateUite does not coincide

with the line of conjunction, the first sateUite at the time of con-

junction will either be moving from jwrijove towards apojove, or from
apojove towanis perijove. If the former, the disturbing force, which
is directed from the central body, will, by (59), cause the excentricity

to increase ; if the latter, it will cause it to decrease. As we have
started mth the supposition, that the exeentricitv is to be supposed
invariable, neither of these consequences can be allowed, and, therefore,

the line of apses must coincide with the line of conjunction.

(127.) If the apojove of the first satellite were in the direction of

the points of conjunction, the disturbing force in the direction ot

the radius vector, being directed from the central body, would, by (54),

cause the line of apses to progress. Also the force perpendicular to

the radius vector, before the first satellite has reached conjunction (and

when the second sateUite, which moves more slowly, is nearer to the

point of conjunction than the first), tends to accelerate the first satel-

lite ; and that which acts after the satellites have passed conjunction,

tends to ret.ard the first satellite ; and bpth these, by (ti5) and
(G6), cause the line of ajises to progress. But we have assumed,

that the Une of apses shall move in the same direction as the

line of conjunction, that is, shall regress; therefore, the apojove
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of the fint ntelUte unnot ba in the dir«otion of Uie pninta of con.

juaetion.

(188.) But if wa suppoM iho perijove of the flrrt ntellito to be in

the direetioD of the pointi of oonjimction, every thing beoomee oon.

detent The diiturbing force, in the diniction of the radius vector,

from the central body, will, by (SI), cau«e the line of npeea to regress.

The force perpendiciiUr to the radius vector, which ncoeleratea the
first aatellita l>efare it liaa reached conjunction, that is, before it luis

raaehad the perijove, and retards it after tlut time, will also, by (66)

and (M), cause the line of apses to regress. Also, as in (56), this

legrxslnm wil> be greater as the excantricitjr of the orbit is leas,

b«»auae the disturbing force, whidi sots here, does not depend on the
exeentricity. By proper choice, therefore, of a value of the ezcen-

tiioitT, we can make an orbit, whose line of apses will always regress

exaoUy as fast as the line of conjunction, and will, therefore, always

ooinoide with it ; whose ezcentricity, in consequence, will never alter,

by (59) sad (6S) ; sod whose general ^pe, therefore, will be the same
at every successive revolution.

(129.) We shall mention hereafter, that the form of Jupiter is such
as would cause the perijove of the first satellite, if it were nut dis-

turbed by the second si^ellite, to progress with a velocity not depend-
ing upon the ezcentricity of the orbit. The only alteration which
this makes in our conclusions is, that the ezcentricity of the orbit

must be so chosen, that the perturbation of which we have spoken will

cause a regression equal to the mm of the progression which Jupiter's

shape woim occasion, and the regression of the line of conjunction.
As this is greater than the regreasion of the line of conjunctiim alone,

the ezoentncity of the orbit must be less. So that the only effect

of Jupiter's shape is to diminish, in some degree, the ezcentricity of
the orbit

(180.) Now let us inquire what must be the form and position of

the orbit of the second satellite. As Ijefore, the principal part of the
perturbation is near conjunction. At and near the conjunction, the
disturbing force, in the direction of the radius vector, is directed to

the central body. Before conjunction, when the first satellite is less

advanced than the second, the disturbing force, perpendicular to the
radius vector, retards the second, by (86). For, the periodic time of
the second being nearly double that of the first, the metm distances
from the planet will be nearly in the proportion of 7 to II (as the
proportion of the cube of 7 to the cube of 11 is nearly the same as the
propirtion of the square of 1 to the square of 2, see (84) ), and, there-
fore, near conjunction, the distance of the first from the second is

less than the distance of the first from the central body. After con-
junction, the disturbing force accelerates the second body. Now,
without going through several cases as before, which the reader
'nill find no trouble in doing for himself, we shall remark, at once,
that if the apojove of the second satellite is in tho direction of

the points of conjunction, both the disturbing force, directed to the
central body at apojove, and that perpendicular to the radius vector,
retarding it before it reaches apojove, and accelerating it afterwards,
by«(53), (66), and (66), will cause the line of .ipses to regress; and
that, by proper choice of ezcentricity, the regression of the line of
apses may be made ezactly equal to the regression of the line of
conjunction.

(131.) Our conclusion, therefore, is : If two satellites revolve round
a primary, and if the periodic time of one is very little greater than
double the periodic time of the other, and if we assume that the
orbits described have always the same form

; (that is, if they have no
ezcentricity independent of perturbation); then the orbits will not
sensibly differ from elliiwes, the lines of apses of both orbits must
always coincide with the line of conjunctions, and tho perijove of the
first orbit, and the apojove of the second, must always be turned
towards the points of conjunction. It appears also, that these con-
ditions are sufficient, inasmuch as the rate of regress of the lines of
apses will (with proper values for the ezcentricities) be the same as
the rate of regress of the line of conjunctions, and the ezcentricities
then will not change. The ezcentricities of the orbits will lie greater
aa the regress of the line of conjunctions is slower, or as the pro-
portion of the periodic times approaches more exactly to the nronor-
tion of 1 : 2.

.7 J- t~

(182.) In the same manner it would bo found, that if the periodic
time of one satellite were very little less than double that of the
other, the lines of apaes (in order that similar orbits may Iw traced out
at each revolution) must always coincide with the line of conjunction,
and the apojove of the first satellite and tho perijove of the second'
must always be turned towards the points of conjunction ; and
tho ezcentricities of the orbits must bo greater, an the proportion
of tho periodic times approaches more exactly to the proiwrtion of

(188.) The same thing exactly would hold, if tho periodic times
were vsry nearly in tho ratio of 2 : 8, or of 8 : 4, 4c., but these sup-
positions do not apply to Jupiter's satellites.

(134.) Having thus found the distortion produced by the disturbing
force in orl«ts which have no ezcentricity independent of perturlxition,
it will easily be imagined tliat the mmo kind of ili»t<irtion will be pro-
duced if the orbits have an ori^r.al ezccutri<itiy. If we make in an
elliptic orbit, the same kind of alteration which must be in.vic in a
circular orbit, in-order to form the figure found abore, wo shall have

nearly the orbit that will be described from the combined eefbcts of
perturbation and of escentrieitj independent of perturbation.'

• The truth of thif proposKloa majr he ihova more fully In the fonowisir
nunner : l*t * {/If. Si) be the place of the priourjr, a o the line of conJuncUoiu
of the flnt snd wcond uteUlte, sob the rlllptle orbit, in which the flnt
•atellile would move If undliiturbed, s tU perUove. Buppou (to simplify the
emirr) that the nttrnction of the woond ntelUu seta only for a limited rpam

j

for instance, while tho flnt MUtlite passes from r to u. Then the rcnult of
the investigstions from (II!) to (ISl) Is, that the flnt] satellite will be drawn

C.

Fig. »5.

ontwords fl-oiri the orbit in which it would have moved, so sa to describe a curve
ran; snd whm the disturbing force ceases at ii, it will proceed to deicribe on
cliliwe, nehd, similar to bdk, but with thi» differenee, that Die pirljove is at

il instead of ». The conclusion, however, now thnt it lins born neeiirely obtained
from the reasoning above, may be stated as the result of the following
reasoning : In consequence of tho disturbing force, which has drawn the flrst

satellite outwards, without, upon the whole, altering its velocity (accelerating
it before conjunction, and retarding it afterwards), the satellite has moved in a
curve, ran, ntemal to the ellipse f d, in which it would have moved ; and
after the disturbing force has ceased at ii, the aatcllite (which is moving in a
path inclined eileinally from the old orbit) continues to recede from the old
orbit till the diminution of velocity (26) allows its path to be so much curbed,
that at e it begins to approach, and at i. the new orbit intersects the old one

;

and after this, the path is Inclined internally from the old orbit, till the increase
of velocity (35) makes its path so little curved that it approaches the old orbit
again, and again crosses it between rf and v. In like manner, if, as in flff. S6,
the orbit B p s have an excentrieity Independent of perturbation (the perijove
being at any point D, ), nevertheless, we may state that, in consequence of the
disturbing force, the satellite will move in a curve fob external to r E ; but
when the dlstorhing force ceases at h, the satellite (which is moving In a path

C.

Fig. SO.

Inclined externally from the old orbit) continues to rocedc from the old orbit
till the diminution of velocity (SO) allows its path to he so much curved, that
it begins to approach at some jioint e ; that at some point i, nenrly opposite to
c, the new orbit intersects the old one ; and that, after thi^ tho path is inclined
internally from the old orbit, till l\n increase of velocity (a-S) makes its path
BO little curved that it approaches the old orbit again, and again crosses it

between f and n. Thus, the alteration of the radius vector, drawn In any given
direction, as ak (which in tho new orbit is altered to a*) is nearly the same in
the second case as in tho flrst. This, however, is the alteration produced in a
single revolution of the satellite j but as the same applies to every Buccossive
revolution, it follows thnt the inequality or variation of the radius vector in tho
second case is nearly the same as in the flrst case ; and thus the proposition of
the text is proved.

The inequality of tho radius vector would bo somewhat different if the ezcen-
tricity of the orbit in tho second ease were considerable, partly beessse tho
places of cnnjunciion would not ho at equal angular distances, partly becanse
the disturbing forces would be different (aa the distance between the satellitei

in conjunction would rot always be tho same), and partly because the effect of
a given force is really different, according to tho part of the orbit at which it

acts. But where the excentrieity is so tmall, as in the orbit of Jupiter's third
satellite, or In those of the old planets, the alteration of the inequality of tho
radius vector prodnred by these differences is hardly senfible.

Tho reasoning of this noto' may he applied, with the proper alterations, to
every case of perturbation, produced by a disturbing force which is nearly
independent of the form of tho orbit ; and as thia will apply successively to
nch of the causes producing disturbance, we shall at last arrive at the following
general proposition ; If several disturbing forces act on a planet or Mtellite,

and if we estimate the inequaliiy in the radius vector, which each of these
wiuld produce, supposing the othil to have no excentrieity independent of
perturbation

; then the inequality really produced, suppoaing the orbit to have
an independent exconlrictty, will he nearly the ssme ss the nun of sll the
inequalities so estimated.

It is to be remarked, that if an orbit have an independent excentrieity, and
if the orbit receive an alteration similar to an elliptic inequality (that l», if il

bo elongated on one side and flattened on the other), the orbit is still sensibly
an ellipse, of which the original fiicus is still the focus. Thus, in the instance
occupying the flrst part of this note, as the ineqiinlity Impresnod on the elliptic

orbit in the second case is the same as the inequality in the first case, that is,

is similar to an elliptic inequality, the orbit so altered will silll be an ellipse,

whose excentrieity and lino of apses arc altered. Wo might, therefore, have
obtained our results by at once investigating the alterations of the excentrieity
and lino of apses produced by the disturbing forces; but the method adopted in

the text Is simpler.



COl GRATITATIOX. GRAVITATION. eo3

We shall now proceed with the application of these conclusions to

Jupiter's first three satellites.

(135.) The periodic time of Jupiter's first satellite is, 1 day, 18 hoius,

27 minutes, and 34 seconds ; that of the second satellite is, 3 days,

13 hours, 13 minutes, and 42 seconds; that of the thiid satellite is,

7 days, 3 hours, 42 minutes, and 32 seconds. The periodic time of

the second satelUte exceeds, by a small quantity, double that of the

first, so that the preceding investigations apply to the motion of these

two satellites. In fact, 275 revolutions of the first satellite are

finished in almost exactly the same time as 137 revolutions of the

second. If then, at a certain time, these two satellites start from con-

junction, they will be in conjunction near the same place at every

revolution of the second satellite, or at every second revolution of the

first satellite : but the hne of conjimction will regress slowly ; and
when the first satellite has finished 275 revolutions, or one revolution

mure than double the number made by the second satellite, they will

again be in conjunction in the name [ilace as before, the line of con-

junction having regressed till it has again reached the same position ;

this takes place in 4864 days.

(136.) From the preceding investigation then it appears that, as

these orbits have no excentricity independent of ficrturbation, they
will be elliptic, and the line of apses of each orbit will regress so as to

turn completely roimd in 4864 '^y^ i '"'<i ^^^ when in conjmictiou,

the first satellite will always be in perijove, and the second sateUite

will always be in apojove.

(137.) But the periodic time of the third satellite is almost exactly

double that of the second satellite, exceeding the double by a small
quantity ; and on this account the orbit of the second sateUite will be
distorted from the form which otherwise it would have had, by an
ine<iuality similar to that just investigated. In a word, the line of

conjunction of the second and third satellites will slowly regress, and
the orbit of the second satellite will always be compressed on the side

next the points of conjunction, and elongated on the opposite side;

and the orbit of the third satellite will always be elongated on the
side next the points of conjunction, and compressed on the opposite

aide.

(138.) How we come to the most extraordinary part of this theory.

We have remarked that 275 revolutions of the first satellite are finished

in almost exactly the same time as 137 revolutions of the second ; but
it will also be found that 137 revolutions of the second are finished in

almost exactly the same time as 68 revolutions of the third : all these
revolutions occupying 486^ days. Because 275 exceeds the double of

137 by 1, we have inferred that the line of conjunctions of the first

and second satellites regresses completely round in 275 revolutions of

the first satellite, or in 4864day8, In like manner, because 137 exceeds
the double of 68 by 1, we infer that the line of conjunctions of the
second and third satellites regresses completely round in 137 revolu-

tions of the second satellite, or in 4864 <^y8. Hence we have this

rem-vkable fact : the rtgrtmion of the tine of conjunction, of the tccond
and third mtellitet is uactly at rapid cu the reijretsion of the line of con-

junction of the Jint and Kcond lateUites. So accurate is this law, that

in the thousands of revolutions of the sateUites, which have taken place

since they were discovered, not the smallest deviition from it (except

what depends upon the elliptic form of the orbit of the third sateUite)

has ever been discovered.

(139.) Singular as this may appear, the following law is not less so.

The line of conjunction of the lecmd and third satetlitet alicays coincide!

vith the tine of conjunction of the first and second siitdiites produced
bachcards, the conjunctions oj the second and third satellites alioaijs

taking place on the side opposite to that on which the conjunctions of the

first and second take place. This defines the relative position of the
lines of conjunction, which (by the law of last article) is invariable.

Like that law it has been found, as far as observation goes, to be
accurately true in every revolution since the satellites were discovered.

(140.) The most striking effect of these laws in the perturbations of

the satellites is found in the motions of the second satellite. In con-
sequence of the disturbing force of the finrt satellite, the orbit of the
second satellite will be elongated towards the points of conjunction of

the first and second (130), and consequently compressed on the
opposite side. In consequence of the disturbing force of the third
ixitcUitc, the orbit of the second satellite will be compressed on the side

uixt the points of conjunction of the second and third (128). And
because the points of conjunction of the second and third are always
opjxMite to the points of conjunction of the first and second, the place
of compression from one cause will always coincide with the place of
compression from the other cause; and therefore the orbit of the
second satellite will be very much compressed on that side, and con-
sequently very much elongated on the other side. The excentricity

of tSe orbit, depending thus entirely on perturbation, exceeds
conaidurably the excentricity of the orbit of Venus. The inequalities

in the motions of the sjitcllltes, prtxluced by these eicentricities, were
first discovered (from observation) by Bradley about a.d. 1740, and
first explained from theorj* by Lagrange, in 1766.

(HI.) The singularity of these laws, and the accuracy with which
they arc followed, lead us to 8uppo.sc that they do not depend entirely

on chance. It seems natural to inquire, whether some reason may not
be found in the mutual disturbance of the satellites, for the preserva-
tion of such simple relations. Now we are able to show that.

supposing the sateUites put in motion at any one time, nearly in

conformity >vith these laws, their mutual attraction would always tend
to make their motions follow these laws exactly. We shall show this

by supposing a sm.tU departure from the law, and investigating the
nature of the forces which will foUow as a consequence of that
departure.

(142.) Suppose, for instance, that the third satellite lags behind the
place defined by this law; that is, suppose that when the second
satellite is at the most compressed part of its ellipse, (as produced by
the action of the first satellite,) the third satellite is behind that place.

The conjunction then of the second and third satellites will happen
before reaching the line of apses of the orbit of the second, as produced
by the action of the first. Now in the following estimation of the
forces which act on the third satellite, and of their variation depending
on the variation of- the positions of the lines of conjmiction, there is no
need to consider the influence which the ellipticity of the orbit of the

second as produced by the third, or that of the third as produced by
the second, exerts upon the third satellite; because the flattening

arising from the action of the third, and the elongation arising from
the action of the second, will always be turned towards the place of

conjunction of the second and third, and the modification of the action

protluced by this flattening and elongation will always be the same,

whether the lines of conjunction coincide or not. In ./ry. 37, let o be

iig. S7.

the perijove of the orbit of the second satellite, (as produced by the
action of the 1st satellite alone,) D the point of the orbit of the third,

which is in the line a c produced. If the third sateUite is at D when
the second is at o, the force produced by the second perpendicular to
the radius vector, retards the third before it reaches D, and accelerates

it after it has passed D, by equal quantities. But if, as in the suppo-
sition which we have made, the conjunction takes place in the line

A Cj D,, the retardation of the third sateUite before conjunction is pro-
duced by the attraction of the second sateUite before it arrives at
jierijove, when it is near to the orbit of the third sateUite, (and there-

fore acts powerfuUy,) and moves slowly, (and therefore acts for a long
time) ; while the acceleration after conjunction is produced by tho
second satelUte near its perijove, when it is far from {he orbit of the
third sateUite, (and therefore acts weakly,) and moves rapidly (and
therefore acts for a short time). The retardation therefore exceeds
the acceleration; and the consequence is, by (48), that the periodic

time of the third sateUite is shortened, and therefore its angtilar motion
is quickened ; and therefore, at the next conjunction, it wiU have gone
further forward before the second satellite can come up with it, or the
line of conjunction will be nearer to the place of perijove of the second
sateUite, de|>ending on the action of the first. In the same manner,
if we supposed the third satellite moving rather quicker than it ought
in conformity with the law, the tendency of the forces would be to

accelerate it, to make its periodic time longer, and thus to make its

angular motion slower. By the same kind of reasoning it will be seen

that there are forces acting on the first satelUte, produced by the
elliptic inequaUty which the third impresses on the orbit of the second,

tending to accelerate the angular motion of the first satellite in the

first case, and to retard it in the second. The same reasoning will

also show that both the first and third satelUtcs exert forces on the
second, tending to retard its angular motion in the first case, and to

accelerate it in tho second. All these actions tend to preserve the

law : in the first case by making the line of conjunctions of the first

and second sateUite regress, and that of the second and third progress,

till they coincide ; and in the second case, by altering them in the

opposite way, tiU they coincide.

(143.) Perhaps there is no theoretical permanence of elements ou
which we can depend with so great certainty, as on the continuance of

this law. The greatest and most iiTegular perturbations of Jupiter or

of his sateUites, provided they come on gradually, will not alter the

relation between their motions ; the effect of a resisting medium will

not alter it ; though each of these causes woiJd alter the motions of

,all the sateUites ; and though simUar causes would wholly destroy tho

conclusions which mathematicians have drawn as to the stability of the

solar system, with regard to the elements of the planetary orbits.

The physical explanation of this law was first given by Laplace, in

\.x>. 1784.

(144.) We have tcrmin.ited now the most remarkable part of the

theory of these satellites. There are however some other points which

are worth attending to, partly for their own sake, and partly aa an

introduction to tho theory of the planets.

(145.) The orbit of the third sateUite, as we have mentioned, has a

small excentricity independent of perturbation. Consequently, when
the conjunction with tho second takes place near the independent
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parijove of Ui« Uiird, the effoct of tha diatiirbanoe on the Mcond ia

imther grraUtr Uun at any oUmt time; and thU produoea an irregu-

larity in the ezcentricity of the eeeood, and in the uiotioii of lU it|>MM,

depMiding on the dictanoe of the line of conjunction fmni the iiiiIu|K>ii'

dent perijore uf the third. The departure fnmi uuifomiity iu tlie

angular motioa of the third also produces a de|orturu from uuifomiity

in the rcgrewion of the line of conjunction, and this contributes to thu

souie irrwularity.

(146.) The disturbing force in the direction of (the radius vector,

pruduoed by an inner satellite, is sometimes directed to the oentrol

bodr and sometimes from it ; but on the whole the former exceeds

the latter (SO). Now the principal part of the effect really takes place

whm the satellites are near conjunction ; coniHXiuenUy, when the line

of oonjunctioo passes near the iudependent perijovo of the third

satdlite, the force by which the third satellite ia uiiged to the planet

is greater than at any other time ; and as the line of conjmictiou

revolres, the force alternately increases and diminishes. This pro-

duces an irre^ilarity in the major axis, and consequently in the

motion of tlie tliinl satellite (47), depending on the distance of the line

of i*onjunctioii from the porijovc of the third.

(147.) The (liaturbing force in the direction of the radius vector

produced by an outer satellite is sometimes directed to the ceutral

body and sometimes from it ; but on the whole the latter exceeds the

ffrrmer (80). For the reasons therefore, in the last article, there ia in

the motion of the second satellite an irregularity dependiug on the

distance of the lino of conjunction from the iudciHjndent perijove of

tlie third, but opposit<! in its nature to that of the third satellite.

(14^.) Each of those irregularities in the motion of one of these

satellites ]>roduces an irregtUarity in the motion of the others; and
thus the whole theory becomes very complicated when we attempt to

take the minute irregularities into account.

(149.) The motion of the fourth satellite is not related to the others

in the same way in which they are related among themselves. Itu

perio<lic time is to the periodic time of the third nearly iu the propor-

tion of 7 : 3. Some of the irregularities then which it experiences and
which it occasions are nearly similar to those in the motions of the

planets. These however are small : the most imjiortant are those

depending on the changes in the elements which require many
revolutions of the satellites to go through all their various states, but
which nevertheless have been observed since the satellites were dis-

covered. We shall proceed with these.

(150.) First, let us suppose that the third satellite has no exceu-

tricity indei>cndent of perturbation, and that the fourth satelUte has a,

sensible exceutricity, its line of apses progressing very slowly, in

consequence principally of the shape of Jupiter (so slowly as not to

have gone completely round in eleven thousand revolutions of the
aateUite). When each of the satellites has revolved a few hundred
times round Jupiter, their conjunctions will have taken place almost
indilTerently in every part of their orbits. If the orbit of the fourth

as well as tb.at of the third bad no independent ellipticity, there would
be no remarkable change of shape produced by ]>erturbatiou, as the
action of one satelUte upon the other would be the same when in con-

junction in all the different parts of the orbit. But the orbit of the
fourth being cxcentric, the action of each satellite on the other is

greatest when the conjunction happens near the perijove of the fourth
satellite. AVe may consider then that the preponderating force takes
place at this part of the orbits ; and we have to inquire what form the
orbit of the third satelUte must have, to preserve tlie same excentricity
at every revolution. It must be remembered here that the effect of
Jupiter's shape is to cause a more rapid progress of the line of apses
of the third satelUte, if its orbit be excentric, than of the line of apses
of the fourth.

(151.) Considering then that the preponderating force on the third
satellite in the direction of the radius vector is directed from the
central body towards the perijove of the fourth, and that the prepon-
daFBting force perpendiciiUr to the radius vector accelerates it as it

•pproadies that part, and retards it afterwards, it is plain from (51),
(65), and (68), that if the perijove of the third satellite were in that
position, the forces would cause the line of apses to regress ; and this
regressiou, if the excentricity of the tliird bo small, may be coii-

iaerable (though the pre|>ouderanco of force which causes, it ia

extrtmely smoU), and may overcome so much of the progression
oanaed by Jupiter's Aspe, as to moke the real motion of the line of
uses as nearly equal as we please to the motion of the line of apses of
the fourth. But the motion of the Une of apses of the fourth will
itself lie affected (thongh very Uttle) by the greater action of the thinl
at«Uit<: on it at the some place ; and the {lart in the radius vector
being (lirectcd at its perijove to tlie central bo<ly, and the part
pmendiculor t« the radius vector retarding it before it reaches the
po^jore, and aoeelarating it afterwards, will cause a small increase of
pmgrassiun of its apse. The state of things will be iwrmancnt, so far
as dcj^niln on tbenc furcra, when the increaiicd progression of the njoM
of the fuurtli Kitcllite is eipial to the diminished prugrexsion of tlie

apw of the third ; and thus the i>rogreesiou of the aiwe of the fourth
will he aomuwiial increased, and the third satellite's orbit will have a
compression corrwiKinding in direction to the jwrijove of the fourth,
and an elongation iu the same direction as the apojove of the fourth.
This would be the case if the third sateUitu had no excentricity

independent of perturbation ; but wa may, as in other rases, consider

that the same kind of distortion will be produoed in the orbit if it has

an independent excentricity.

(152.) Now let us suppose the fourth satellite to have no excen-

tricity indei>en<lent of perturbation, and tha third satelUte to have an
iiide|>eudent excentricity. The greatest action will now bo at tha
apojove of the third satellite, and this wiU (though in a small degree)

cause Uie line of apses of the third satellite to progress ; that is, it will

iiiiiimsii the rapidity of progression which Jupiter s shape gives it. If

now we wish to discorer the form of orbit of the fourth satellite which
will at every revolution preserve the same excentricity, and have it«

line of apses always corresponding with tliat of the third satellite, and
tlierefure progreautg more rapidly than the shi4>e of Jupiter alone

would make it progress, we must evidently suppose the perijove of the

fourth satelUte turned towards the ajxijove of the third, and, by sup-

posing the excentricity small enough, the progression may be made as

rapid as we please. Thus the effect of excentricity in the orbit of the
tliird sateUite is, that its line of apses is made to progress rather more
rapidly, and that the orbit of the fourth sateUito is compressed on the
side next the apojove of the third sateUite, and elongated on the oppo-

site side. We have supposed for this investigation that the fourth

satelUte had no excentricity independent of pcrturliation, but the con-

clusion as to the dLttortiou of the orbit may be appUed if we suppose
it to luve independent excentricity.

(153.) In fact, the orbits of both the third and fourth satelUtes

liave independent eicentricities, and both our conclusions ap]Jy to

them. The fourth satellite, besides its independent excentricity, b.ia

an excentricity impressed upon it, opposite in kind to that of the

third ; and the third sateUite, besides its indei>endent excentricity,

has an excentricity impressed upon it of the same kind as that of the

fourth. In the same manner, me orbits of the first and second 6,itel-

Utes have smaU excentricities impressed on them, similar in their kind
to those of the third and fourth.

(154.) It will readily be conceived that the excentricities of the orbit

of the third B.iteIUte wiU affect the great inequoUty (137) which it

produces in the motion of the second ; and on the contrary, that the

inequaUty in the motion of the third produced by the attraction of

the second, wiU influence the effect of the third on the fourth. We
shall not however notice these further than to state that their eQevts

are smaU.

(155.) We liave now gone over the princip-il inequaUties of tho

motions of Jupiter's satellites. They are so much connected, and (as

we may say) so completely entangled, that though they may be ex-

plained in the way in which we have considered them, it would hardly

be possible to calculate them in that way. A mathematical process of

the most abstruse kind, which will at the same time embrace the

motions of aU, is alone competent to this object. We shaU however
have attained our end if we have given the reader a general idea of

the explanation of distm-bances in the most curious and compUcated
system that has ever been reduced to calculation.

Sectiox \11.—Thwiy of Plana*.

(166.) The theory of the planets may be considered as holding a
middle place between that of our moon and that of Jupiter's sateJIites.

In our moon, the principal inet^ualities are those that exhibit them-
selves in nearly tho same order ot every revolution, or, at longest, iu

tho earth's revolution round the sun, dei)onding entirely upon the

relative position of the moon, the sun, ;uid the lines of apses. In

Jupiter's satelUtes, some of the principal inequaUties (as those of the

third and fourth satelUtes) do not depend at all upon tho relative

position of the bodies, but depend on the position of the lines of

apses, whose revolutions, though slow, may yet be completely observed.

But in the planets the terms analogous to those which we have men-
tioned in the moon's motions are smaU ; the changes of elements are

so slow, that though they may be in some degree observed, many
thousands of years would be necessary to observe them completely.

The most remarkable irregularities are those produced by clumgcs iu

the elements occupying several revolutions of the planets, and more
nearly analogous to the mutual perturbations of the three first satel-

lit<-s of Jupiter tlian to any other that we have seen ; cUffering from

them however in this respect, tluit for most of them iudei>endeut

excentricities arc quite essential.

(167.) Tlieru are, however, some terms very nearly similar to those

mentioneil in the theory of the moon. SupiKwe, for instance, wo con-

sider the perturbations of Mercury by Jupiter (whose distance from

tho sun is more than thirteen times as great). This case is almost

exactly analogous to the case of tho moon disturljod by the sun. And
in consequence, Mercury's orbit is fl.ittenetl a little on tho sides ncirest

to and fut.hc8t from Jupiter ; but this effect is much disguised by the

effect of forces analogous to those mentioned in (94), which here pre-

ponderates greatly : his lino of apses progresses a little at every revo-

lution, when Jupit<-r is nearly in that lino, and regresses a littlr when
Jujiiter ia in the line iwrinjiulicular to it : his orbit is a little more
excentric iu the former case, .iiid a little loss so in the latter ; ond his

orbit is a little larger when Jupiter is at iierihclion than when at

aphelion. The same thing appUos verj' nearly to the disturbances of

Vcniu), tho Earth, and Mars, productnl by Jupiter.

^158.) The instance taken above is almost an extreme one. Whcu
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Ave consider the perturbations of two planets which are nearer to each

other we are obhged to alter our conclusions considerably. The dis-

turbing force becomes so much greater where the planets are near

conjunction than at any other part, that the orbit is much more

changed there than at any other part. However, the reasoning upon

which, in (91), we determined the form of the moon's orbit, laying

aside the consideration of independent excentricity, wUl, to a certain

extent, apply here. The orbit in several cases will be flattened on the

side where conjvmction takes pL-ice, and on the opposite side, but

generally most so on the latter ; and will be made protuberant at the

l>arta where the disturbing force tends wholly to increase the gravi-

tation towards the sun. The same general reasoning will, in m.iny

cases, help iis to find the form of the orbit which is influenced by the

attraction of an interior planet.

(1.59.) A consideration, however, of particular cases will show how
cautious we must be in applying this conclusion. Suppose, for in-

stance, we consider the reciprocal perturbations of the Earth and Mars.

The periodic time of Mars is nearly double that of the Earth. Here,

then, we fall upon an inequaUty of the same kind as that discussed

in (122), &c., for the satellites of Jupiter. And though the periodic

time of Mars is not very nearly double that of the Earth, so that the

distortions produced in the orbits of the Earth and Mars are not very

striking ; still they are the greatest (of those depending only on the

position of the i>lanet8) which these two bodies produce in each other's

motions. Here, then, the disturbance, which on a ha.sty view we

might suppose analogous to the rariation of the Moon, becomes, from

the small disproportion of distauces, and the near commensunibility of

the periodic times, much more nearly similar to the slow variation of

the elements of orbits.

(160.) It seems quite hopeless to attempt to give a notion of the

calculations by which, in all the difi'erent cases, the disturbances inde-

])endent of the excentricities can be computed. It is sufficient to state,

that the same methods apply to -all, and that they are much more

simple than those relating to other points, of which an idea may be

given by general explanation.

(161.) Let us now consider the inequalities of motion which depend

on the excentricities and inclinations of the planets' orbits. The idea

that will probably first occiu- to the reader is this. " If the distur-

bances of the planets, supposing their orbits to have no independent

excentricities, amount only to a few seconds, how is it likely that the

small alterations of place, which are produced by the trifling excen-

tricities and inclinations of their orbits, will so far alter their forces

upon each other as to produce any sensible difl'erence in the magnitude

of irregularities which are already insignificant ? " In answer to this

we must say, " It is true that these forces, or alterations of forces, are

exceedingly small, and those parts of them which act in the same

direction for a short time only (as for a fraction of the periodic time of

a planet) do not produce any sensible effect. But we can find some

parts of them which act in the same manner during many revolutions

;

and this in many cases where no disturbance can be found, independent

of the excentricities, similar to those discussed in (122), &c. ; the effects

of these may grow up in time to be sensible ; and those in i>articular

which alter the mean distance and the periodic time may produce in

time an effect on the longitude of the planet (49), very much more
conspicuous than that in the alteration of the orbit's dimensions."

(162.) In this consideration is contained the whole general theory of

those inequalities known by the name of inequcUilie» of Ivnij period.

They are the only ones depending on the excentricities (besides those

similar to the moon's evection) which ever become important.

(163.) To enter more minutely into the explanation, let us take the

instance of the long inequality of Jupiter and Saturn : the most re-

markable for its magnitude, and for the length of time in which the

forces act in the same manner, as well as for the difficulty which it had

given to astronomers before it was explained by theory, that has been

noticed since the first explanation of the Moon's irregularities.

(164.) The periodic times of Jupiter and Saturn are very nearly in

the proiMrtion of 2 to 5 (the periodic times being 4332 days, 17 hours,

and 10,759 days, 5 hours), or the ntunber of degrees of longitude that

they will describe in the same time, omitting all notice of their excen-

tricities, will be in the proportion of 5 to 2 nearly. Suppose, now,

that they were exactly in the proportion of 2 to 5 ; and suppose that

Jupiter and Saturn startetl from conjunction j when Saturn has de-

scribed 240 degrees, Jupiter will have described 600 degrees (as these

numbers are in the proportion of 2 to 6) ; but as 860 degrees are the

circumference, Jupiter will have gone once round, and will besides

have described 240 degrees. It will, therefore, again be in conjunction

with Saturn. When Saturn has again described 240 degrees, that is,

when Saturn has described in all 480 degrees, or has gone once round
and-)ia8 described 120 degrees more, Jupiter will have described 1200

degrees, or will have gone three times round and described 120 degrees

more, and, therefore, will .igain be in conjunction with Saturn. When
Satam has again dcscriljcd 240 degrees, tliat is, when it has gone

exactly twice mimd, Jupiter will have gone exactly five times ruuml,

and they will again be in conjunction. So that, if the periodic times

were exactly in the proportion of !^ to S, there would he a continual

succession of conjimctiuns at the points whose longitudes exceeded the

longitude of the first pLice of conj\inction by 210", 120°, 0°, 240°,

120°, 0°, *c. Thus, in Ji'j. 38, if B, is the pUce of Jupiter at firnt, and

Oj that of Saturn, Jupiter will have gone quite round, and also as far

in the next revolution as B,, while Saturn has described pai't of a revo-

Fig. 38.

lution only to c^ : then Jupiter will again have gone quite round, and

also as far in the next revolution aa B,, while Saturn has described part

of a revolution to c^ : then Jupiter will have perforaied a whole revo-

lution, and part of another to B,, while Saturn has performed part of a

revolution to Cj : and then the same order of <ionjuuctious will go on

again. If, then, the periodic times were exactly in the proportion of

2 to 5, the conjunctions would continually take place in the same three

points of the orbits. This conclusion will not be altered by supposing

the orbits excentric : for though the places of conjunction may then

be somewhat altered, the conjunctions, after the tliird (when Saturn

has gone round exactly twice, and Jupiter exactly five times), will go

on in the same order, and happen at the same places as before.

(165.) But the periodic times are not exactly in the proportion

of 2 to 5, but much more nearly in the proportion of 29 : 72. This

alters the distance of the places of conjunction. We mu.st now
suppose Saturn to move through 24-2°-79, and Jupiter (by ^tho

proiwrtion just mentioned) will then have moved through 602°'79,

or through a whole circumference and 212°'79, and they wiU be in

conjunction again. The next conjunction will take place when Saturn

lias move<l through double this angle, or 485°-58, or when Saturn has

performe<l a whole revolution, and 125°"58 of the next revolution : and

the following conjunction will take place when Saturn has moved

through 728°"37, or when Saturn has gone twice round, and has

described 8°'37 more. Now, then, the same order of conjunctions will

not go on again at the same places as before, but the next three after

this will be shifted 8°-37 before the former pLtces, the three following

the last-mentioned three will be again shifted 8°-37, and so on. The

places of successive conjunction, in frj. 38, will be at B, Cj, i.^ c,,

*> «3. *4 f.. *» "«• *• <^«> *^'-'- '^^^ shifting of the places of conjunction

will take place in nearly the same manner, whether the orbits are

excentric or not.

(166.) From this the following points are evident :

—

First. In consequence of the periodic times bemg nearly in the pro-

portion of 2 to 6, many successive conjunctions happen near to three

equidistant points on the orbits.

Secondly. In consequence of the proportion being not exactly that

of 2:5, but one of rather less inequality, the points of conjunction

shift forward, so that each successive set of conjunctions is at points

of the orbits more advanced, by 8°'37, than the preceding one.

(167.) Let us now inquire how long it ivill be before the conjunc-

tions happen at the same parts of the orbits as at first.

This will be when the series of points 6,, 6„ 4,o) *"•> extends to B,.

For then the series 6,, 6,, 6,„ &c., will extend to a,, and the series 6^,

6„ («,, &c., will extend to B,. -The time necessary for this will be

gathered from the consideration, th,at in three conjunctions the points

are shifted 8°'37 : and that the points must shift 120° from B,, Isefore

they reach B, ; and that we may, therefore, use the proportion, As S°37

is to 3, so is 120° to 43 nearly, the number of conjunctions that must
have jKissed before the points of conjunction are again the same. And
as Saturn advances 242°'79 between any conjunction and the next, he

will, at the forty-third conjunction from the first, have described

10440°, or 29 circumferences ; and Jupiter, therefore (by the propor-

tion of their periodic times), will have described 72 circumferences.

The time, then, in which the conjunctions return to the same points

is twenty-nine times Saturn's periodic time, or seventy-two times

Jupiter's periodic time, or about 855 years.*

(168.) Now let us examine into the effects of this slow motion of

the points of conjunction upon the forces which one body exerts to

disturb the other.

(169.) If the orbits had no independent excentricity, it would afl'ect

them no further than by the periodical distortion which would take

place at every conjunction. There would be nothing m one set of

conjunctions, more than in another, which could affect the dimensions

of the orbits.

(170.) But if the orbits are not circular, this is no longer true. It

is not the same thing whether the conjunctions take place at Bj Oj,

B, o„ and Bj Cj, Jiij. 39, or at 4, c,, 6, c^, and 6, c,. The distinces of

the planets are not the same, and consequently the forces which they

exert on each other are not the same ; also their velocities are different

in different parts of their orbits, or at different points of conjunction,

and therefore the times during which they can act on each other are

• These numbers iire not quite exact ; tlic proportion of 29 : 72 not being quite

accurate.
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nut the amo. It U true that, in Uu figure, the diitanoe at (. c, U len

than At a,c^ wkUe that at 6^e, i* graMor tlun at B,o,; umI thiu there

FI(. t9.

it • partial eompeMBtion in the chaogos of the offccta produced in

difhNnk points of the orbit But it can be diacovered uiily by very

eample(« oalculations, whether the oompenaation is perfect or not.

The calculation* necenary for tliia purpose are protxibly the most

complicated that j^ymcal science has ever given occasion for ; and the

reader must not here expect the smalleat account of them. TliiB only

can be stated as a result, that in no instance in the planetary Bystcm

is the compensation perfect, and that the chances f6r its being perfect

in any case are infinitely small.

(171.) We have here considered the varying influence of one body

on the other at conjunction, as do|H'iuliQg entirely on the uxcentridties

of the two orbits. But there Li auotkcr circumxtauce which may also

cause the influence to vary. The orbits may be inclined, and this will

aflTect both the distance of the bodies and the direction in which they

attract each other.

<172.) In the case, then, of Jupiter and Saturn, we have the two
planets acting on each other with forces which are nearly the same at

every third conjunction, but ore not exactly the same, and whose
variations occupy a period of 850 years. Of these forces, parts are in

the direction of the radius vector, and these tend directly to affect the

major axes of the orbits described : other parts are perpeudicular tu the

radius vector, sometimes accelerating tmd sometimes retarding ; and
these tend (though in opposite ways) to aSect the major axes of the

orbits. There are, therefore, forces tending to alter the major axes of

the orbits, which go through all their changes only in 850 years.

During half of this time they tend to make the major axis of Jupiter's

orbit less, and that of Saturn's orbit greater ; and during the other

half they tend to make the major axis of Jupiter's orbit greater, and
that of Saturn's orbit less. This coincidence, in time, of the increase

of one major axis with the decrease of the other, is the result of

investigations that we cannot explain here.
> (173.) After the partial compensation that we have mentioned, it

will readily be understood that the varying force which produces these

effieats is small : -so small, indeed, is it, tiuit after acting more than 400
years, it has increased (or diminished) the major axis of Saturn's orbit

only by x&th part, and diminished (or increased) that of Jupiter's orbit

only by i^th port. These alterations would hardly be discoverable

with our best iustnunents. But during 400 years the major axis of

each orbit differs from the major axis during the next 400 years by a
port of these quantities. The planet's rate of annual angular motion
u, for 400 years, constantly less than its average rate ; and fur the next
400 years it is constantly greater than its average rate ; and in this

length of time the inequahty in longitude may (49) grow up into a
most formidable quantity. In iact, the inequality thus produced in

Saturn's longitude amounts to about 4$', by which its true place is

sometimes before and sometimes behind its mean jilace : that in

Jupiter's longitude amounts to about 21'. (The greatest inequality of

any other plauet does not exceed 3', and the greatest of the planets

inferior to Jupiter does nut exceed 25'.) The theoretical explanation

of these ineqiulitiea was first given by Laplace in 1785.

(174.) The magnitude of these inequalities in the motions of Jupiter
and Saturn, as we have seen, depends principally on the length of time
during which the forces act in the same manner ; first, because in this

long time they can produce a sensible alteration in the major axis ami
annual ang\ilar motion ; secondly, because the two planets muve for so

long a time with this altered «ngiil»r motion. But it must also be
borne in mind that theso two pluets are by tu the largest in the sys-

t«u ; tiie mass of Jupiter being 800 times that of the earth, and the
mass of Saturn being 100 times that of the earth (the next of the
planets in the order of magnitude, except Uranus).

(175.) The same gmst*! reasoning, by which we have shown that
there is a iwriodiooT inaquolitgr of the major axis of either of these
orbits, will also show that there is a periodical inequality in the excen-
tricity and in the place of the perihelion. It will also appear, in the
MBie WOT, that these effects ara the remainder, aftor partial oompen-
Uion of effects in difiisrsot parts of the orbit. Thus if cos cogjuootion
kqtpen when Jupiter is going towards aphelion, the affect of Saturn's
disturbing force is to pull Jupitur from the sun ; and, therefore, by
(89), to increase the exoentrieity of Jupiter's orbit. But it is then per
lectly certain that cither the next conjunction, or the next but one, or

perhaps both these, will happen at a part where Jupiter is going
towards perihelion ; and then, by (69), the exoentricity of Jupiter's

orbit is diminlahsd, ttmilar TnasunlaQ applies to the cxe«ntri<;ity «i

Satom's orbit. It beoomss, theo, a matter of calculation, whether*the

eompamation is perfect or not. Kuw it appears, upon Invastigailoii,

that tha oumpensation is nut jwrfcct, but that, while the points of ooa-

junottoo shift through 120", the efiigct of the uncompeniiated part is,

for half the time, to inonose the exoantricity, and for half the time to
diminish it. It appears, also, that there is no necessary oonneotion
between the time at which tlie esMDtiiaity is greatest or least, and
that whao the major axis is greatest or least ; so uat wa cannot assert

that when the major axis is greatest tha exoentrioity is greatest, or tho
contrary, or that the exoentrioity of one is greatest when that uf the
other is greatest : all that we can assert is, that the ezeentrioity of eaoh
orbit occupies the same time in going throu^ its changes from greatest

to least, as the major axis ooeupias in going through its change from
greatest to least. "Tho effect on the phwet's Stance from the sun, pro-

duced by the change of exccutricity, is much mora considerable than
that from the chuige in the major axis ; being for Jupiter ,^ of his
whole distance, and for Saturn j(, of his whole distance.

(176.) Similar remarks apply, in oveiy respect, to the motion of tha
perihelion of eaoh orbit Each is made to progress during 425 years
and to regress during 426 years; but there is no neoossonr reUtion
between the time when one has progressed furthest and the time when
the other has progressed furthest There is, however, a necessary
relation between the change of exoentricity and the motion of the peri-

helion of each orbit: the exoentricity of cither orbit has its moan
value when the perihelion of that orbit has progresKd furthest or

regressed furthest ; and when the exoentricity is either greatest or

least, the perihelion is at its mean place.

(177.) We have taken the long inequality of Jupiter and Satnra as

the most imposing by its magnitude, and the moat celebrated for its

history (as, before it was explained theoretically, astronomers wcro
completely bewildered by the strange irregularity in the motion of

these planets). But there are several others which, in theory, are

as ciu-ious. Eight times the periodic time of the earth is very
nearly equal to thirteen times the periodic time of Venus ; and thu
proiiuoes, in the motions of the earth and Venus, a small inequality,

which goes through all its changes in 239 years. Four times the
periodic time of Mercury is nearly equal to the periodic time of the

earth, and this produces an inequality whose period is nearly 7 years.

The periodic time of Mars is nearly double uf the earth's, and this pro-

duces a considerable inequality, depending on tho excentricities, &c.,

besides that mentioned in (159), which was independent of thu excen-

tricities. Twice the perio<lic time of Venus is nearly equal to flvo

times that of Mercury ; three times tho periodic time of Vemw is

nearly equal to that of Mars ; three times the periodic time of Saturn
does not much differ from that of Uranus. Each of these approxi-

mations to equality gives rise to an e<iuation of sensible magnitude, and
of long period, in the motion of both planets.

(178.) But it nil! easily be seen that the defect of compensation, on
which the effects depend, is much greater in some cases than in others.

The conjunctions of the earth and Mars take place at only one point,

and the points near it, for several revolutions ; those of Venus and
Mars take place only at two opposite points aud their neighbourhood
(as each successive conjunction takes place when Mars has described

half a revolution, and Venus I| revolution); those of Jupiter and
Saturn, as we have seen, at three points ; those of Venus and the earth

at five points. It is endent that, in the first of these, the whole effect

of the change of one point of conjunction has its inSueuco in altering

the orbit's dimensions ; that in the second there is only the difference

between two efiiicts ; that in the third there is the mixture of three,

which tend to balance ; that in the next there is the mixture of five in

the same way. The smaller, then, is this number of points, the more
favourable are the circumstances (supposing the same length of period

for the inequahty) for producing a largo inequahty. Thu number of

points is always the same as the difference between the two least num-
bers, expressing nearly the proportion of the periodic times. Thus wo
may expect to find a large inequahty when the periodic times of two
planets are very nearly in the same proportion as two numbers, whose
difference is small.

(179.) We shall now proceed to mention tho iteidar variations of tho

elements of the orbita of planets. By this term is meant tho.'w varia-

tions which do nut depend upon the {xisitions of the pUinetj in their

orbits, or the places of conjuuctiun, but merely upou their relative

distances and cxcuntricities, and the positions uf their lines of apses.

They am, therefurv, the variations wliich depend upon the mean or

average action of one planet upon another in the long run : all tho

sensible departures from the secular variation, produced by tho irregu-

larity of the action of one planet upon another, being supposed to be

contained in the inequoUties already discussed.

(180.) First, then, wiUi regard to tlie mean distance of a pUnet If

we consider an exterior planet disturbing an interior one (as Saturn
disturbing Jupiter), the disturbing force in the direction of the radius

vector, by (77), Ac., tends sometimes to draw it from the sun, soma-
times to draw it towards tho sun ; but the former is the greatiir, and
we may therefore consider the force as, upon the whole, iliuiiiushing

the sun's attraction. This, by (46), alters the rebition Vietween the

periodic time and the mean distance, so that the mean distaiice is less

than it would have been with the same |>erii>dic time, had there been
no duiturbanoe. If wo consider an iutfrior^Ainet disturbing an exte-

rior one (as Jupiter disturbing Saturn), the disturbing force tending to
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draw it to the stm is greatest ; and here the mean distance is greater

than it would have been with the same periodic time, had there been

no disturbance. But so long as these general effects in the force

directed to the sun continue unaltered, the mean distances will not

alter (46), *c. Now, upon taking a very long period (as several thou-

sand years), it is easy to see that, if we divide that period into two or

three parts, the two planets have in each of those two parts been in

conjunction indifferently in .all parts of their orbits ; thiit they have

had every possible relative positioa in every part ; and that (if we make
the periods long enough) the force which one planet has sustained in

any one point will be accurately the mean of all which it would sus-

tain, if we estimated all those that it could suffer from supposmg the

other planet to go with its usual motion through the whole of its orbit.

As this mean will be the same for each of the periods, there will, in the

long run, be no alteration of the force in the direction of the radius

vector, and we may assert at once that the mean distance cannot be

altered by it.

(181.) But with regard to the disturbing force acting perpendicu-

larly to the radius vector, the circumstances are different. The mere
existence of such a force, without variation, causes an alteration in the

mean distance (48) ; and it is necessary to show that the nature and
variations of the force are such that, in the long run, the velocity of

the disturbe<l planet is not affected by it. For this purpose, instead of

considering merely the disturbing force perpendicular to the radiiui

vector, we will consider separately the whole force which the disturbing

planet exerts on the sun, and the whole force which it exerts on the

disturbed planet. Now, the force which it exerts on the sun tends to

pull the sun sometimes in one direction and sometimes in another, but

on the whole produces no permanent displacement : this force, then,

may at once be neglected. The force which one planet has exerted on
the other has acted when, for any arbitrary position of the disturbing

pUnet, the disturbed planet has been at every jKiint of its orbit. Since

the whole acceleration produced in a long time -is the sum of all the

accelerations diminished by the sum of all the retardations, we may
dinde them into groups as we please, and sum each group. Let us,

then, group together all the accelerations and retardations produced in

one position of the disturbing planet. The disturbed planet having

been in every small part of iU orbit, during a time proportional to the

time which it would occupy in passing through th-it small part in any
one revolution, the various accelerations and retardations will bear the

same proportion as if the disturbed planet had made one complete
revolution, and the disturbing planet had been fixed. Now, it is a

well-known theorem of mechanics, that when a body moves through

any curve, acted on by the attractions of any fixed bodies, its velocity,

when it reaches the point from which it started, is precisely the same
as when it started : the accelerations and retardations having exactly

b-aUnced. Consequently, in the case before us, if the disturbing planet

h.-ul been fixe<l, and the disturbetl planet had made one complete revo-

lution, the latter would, on the whole, have been neither accelerated

nor retarded ; and, tlierefore, in the long run, all the accelerations and
retardations of the disturbed planet, produced in any arbitrary position

of the disturbing planet, will exactly balance. The s.ime may be shown
for every jwsitifm of the disturbing planet ; and thus, on the wbule,

there is no alteration of velocity. Since, then, in the long run, the
planet's velocity is not altered, and since (180) the force directed to

the Sim is not altered, the planet's mean distance will not be altered.

This reasoning docs not prevent the increase or diminution of the velo-

city at particular parts of the orbit, and therefore the excentricity and
the line of apues may vary ; but it shows that, if there is an increase at

one part, there is a diminution tb.it balances it at another ; and at the

point where the orbit at the beginning of a long time and the orbit at

the eud of that time intersect (which will be at mean distance nearly)

the velocity will not be altered.

Our demonstration supposes that the portions of the curves described

in different revolutions, for the same posiliou of the disturbing planet,

arc parts of one orbit, and therefore does not take account of the
alteration in the magnitude of the disturbing force produced by the
nltfration of pl.ice which that force has previously caused. This has
birn taken into account, to a certain degree, by several mathematicians;
aiul itappeara,as far as they have gone, that this produces no alteration

in the conclusion.

(18'2.) Secondly, oa to the place of perihelion, or the position of the
lino of apses. The motion ot' this will depend essentially on the excen-
tricity of the orbit of the disturbing planet. Suppose, for instance, that
the orbit of Venus was elliptical and the earth's orbit circular ; as the
distance of these phnets in conjunction is little more than one-fourth of

the earth's distance from the sun, the ellipticity of the orbit of Venus
would bring that planet at aphelion so much nearer to the earth's orbit,

that ly far the greatest effect would take place when in conjunction
there; .and this, by (54), would make Venus' hne of .apses progress.
But if the earth's orbit were more elliptic than that of Venus, and if

t'
--'<:' — 'olion were on the same side of the sun as the perihelion

t, hajipcn that the principal action would take place
;

,
1 then, by (51), the line of apses would regress. These

ctl'co*ji would continue to go on, while the relative position of the lines

of apses, and the proportion of the excentricities, remained nearly the
' As, in the long run, conjunctions would happen everywhere, the

nderating effect would be similar to the greatest effect; and thus

the secular motion of the line of apses will be constant (till the positions

of the lines of apses, &c., shall have changed considerably) ; its magni-
tude and direction will depend on the excentricities of both orbits ; but
if the disturbed planet is the interior, and if the orbit of the other be
not exceutric, the line of apses will progress. The s,ame is true if the
disturbed planet is exterior (the greatest action being then at the peri-

helion, if the interior orbit have no excentricity, and being directed to

the sun).

(183.) Thirdly, as to the excentricity. If the orbit of the disturbing

planet were circular, the effect on the excentricity produced by con-

junction at the place where the orbits are nearest, would be of one
kind before conjunction, and of the opposite kind after conjunction,

from the distiu-bing force in the radius vector ; and thus the excen-

tricity would not be altered. The same would happen if both orbits

were excentrie, provided their lines of apses coincided. Thus it appears

that there is no vaiiatiou of excentricity, except the orbit of the dis-

turbing planet is excentrie, and its line of apses do not coincide with
that of the disturbed planet. When these conditions hold (as they do
in every planetary orbit), a general idea of the effect may be obtained

by finding where the orbits approach neai'est ; then, if we consider the

disturbance of the interior planet, since the force draws it from the

sun, the excentricity will be increased if it is moving from perihelion,

or diminished if it is moving towards perihelion. For the exterior

planet, as the force draws it towards the sun, the conclusion will be
of the opi)osite kind. These effects are constant, till the excentricities

and the positions of the lines of apses have changed sensibly. The
place where the force at conjunction produces the greatest effect on
the excentricity may not bo strictly the place where the orbits are

nearest, but probably will not be far removed from that place.

At lie place where the orbits approach nearest, both planets in

general are moving from perihelion, or both towards perihelion, so that

when one excentricity is increased, the other is diminished.

(184.) For the general stability of the planet-vry system, the posi-

tions of the lines of apses are not important, but the permanency of

the major axes and the excentricities are of the greatest importance.

The conclusion which we have mentioned as to the absence of secular

variation of the major axis, from the action of one planet, applies also

to the disturbances produced by any number of planets, and thus we
can assert that the m.ajor axes of the orbits of the planets are not

subject to any secular variation. The excentricities are subject to

secular variation, but even this corrects itself in a very long time :

whcit the investigation is fully pursued, it is found that each of the

excentricities is expressed by a number of periodic terms, the period

of each being many thousands of years. Thus the m<ajor axis of the

earth's orbit, notwithsbindiug its small and frequent variations, has

not sensibly altered in many thousands of years, and will not sensibly

alter; the excentricity, Iwsides suffering many small variations, has

stetulily diminished for many thousands of years, and will diminish for

thovisands of years longer, after which it will again increase.

(185.) A remarkable relation exists between the variation of the

excentricities (of which that mentioned in (183) is a simple instance),

the result of which, as to the state of the excentricities at any time, is

given thus : The sum of the products of the square of each excentricity

by the mass of the planet, and by the square root of the major axis, is

always the same.

Section VIII.—Perlutiation of InrUnatton and Place of Node.

(18C.) We have hitheito proceeded as if the sun, the moon, and all

the phmets, revolved in the same plane—as if, for iustince, the sun
were fixed in the centre of a table, and all the planets, with their

satellites, revolved on the surface of the table. But this supposition

is not true. If we suppose the earth to revolve on the surface of the

table, the moon will, in half her revolution (we mean while she

describes 180°, not necessarily in half her periodic time), rise above

the tablfe, and in the other half she will go below it, crossing the

surface at two points which, as seen from the earth, are ex.octly

opposite. Venus will, in half her revolution, rise above the table, and
in half will sink below it, crossing the table at two points which, as

seen from the sun, are exactly opposite ; each of the other planets and
satellites in like manner crosses the plane at points which, as seen

from the central body, are exactly opposite. In different investigations

it is necessary to consider the inclination of the plane of revoUition or

the plane of the orbit to different planes of reference : the line in

which the plane of revolution crosses the plane of reference is called

the line of vudit on thai plane; and the angle which the plane of

revolution makes with the plane of reference is called the inclination

lo that plane. The plane of reference must always be supposed to pass

through the central body.

(187.) The inclinations of .all the orbits, except those of the small

pl.anets, are so trifling (the largest—namely, that of the moon's orbit

to the earth's orbit—being, at its mean state, only 5°) that they may
in general be wholly neglected in estimating the disturbance which

one planet produces in the motion of another in its own plane. lu

some cases, however, as in the inequalities of long period, where the

effective force is only the small part which remains after a com-

pensation more or less perfect, no alteration of the forces must be

neglected; and here, as we have hinted in (171)) the inclinationa

must be taken into account.
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(188.) But though the «lt«nitiaD which ths inclination produces in

the foroee that tend to diiturb the body* motion ta iU plane may. iu

Boat cue*, be neglected, yet the force which tendi to pull the body

mbore the plane, or Motr the plane, cannot be neglected. In almoat

vnrr qmc thia force will be leas than the force tending to disturb the

motioa in the iJane, yet it will be much greater than the alteration

which the inolmatiun produoea in that force. It is our object in this

section to show the nature of the oltiTatiun which is produced by the

foroe tending to pull the body from the plane.

(180.) First, then, as to the effect of a force generally which acta

perpendicularly to the plane of revolution. (We shall confine our-

clrea at present to forces which act pci7>endicularly to the plane,

becauae it is erident that forcea which net in, or i>arallel to. the ]>Une

of the orbit, whether in the radius vector or perpendicularl;y to it, will

not oaoaa the pbnet to depart from that plane.) Let jig. 40 be a

penpectiTe representation of an orbit, and a plane of reference.

Suppose M A K to be the lino of notles at which the plane of the orbit

II B, B, croaea Uie plane of reference D £ ; the central body a being in

PSf. 40.

X._.

the line of nodes, and the part of the orbit marked by a dark line

being above the plane, and that marked by a dotted line being below

it. Suppose that the planet has moved from s to B„ and that at B„

before it reached the point hi^est above the plane D K, a force puUs it

doM-n towards the plane. After a Bhort time, instead of going to b^,

where it would have been if no force had disturbed it, it will be found

at i„ having described B, 4., instead of B, B,. It is pLiin that the orbit

in which the planet must have moved without a disturbing force, iu

Older to describe B, i, now, could not be NB,,but must be such a

curve as n B,, crossing the plane D E at a point in the situation of the

point ji. Therefore, if no more disturbing force acts, the planet,

which has described B, li, as if it came without disturbance from n,

will go on to describe an orbit as if it had come without disturhance

from «, and will therefore describe an orbit nB, t.m, crossing the

plane e F iu the i>oint8 u and m. The line of nodes is changed from

M AH torn An.
(190.) Here the line of nodes has twisted in a direction opposite to

the planet's motion, or has rtgraud. The inclinaUon of the new

plane is evidently less than that of the old one, since it passes through

the same point B, and cuts the plane of reference in a line mora distant

from B than the line in which the old one cut it, or the inclination is

diminMed.
(191.) Now, if we conceive that at Bj {Jig. 41), after the planet has

passed the point highest above the plane, a force tends to pull it

towards the plane, the planet, instead of going to B,, wiU go to \, and

Fig. 41.

the action of the force while the planet b in that part of its orbit

which is on the other side of the phuie D B.

We shall now proceed with this consideration of the foroe perpen-

dicular to the orbit, which ia produced by the attraction of a disturbing

body.

(19S.) First : it is plain that, if the disturbing body is in the plane

of the orbit (produced, if neceasaiy), it will not tend to draw cither

the central body or the planet out of that plane, and therefore will

TOoduoe no disturbing foroe perpeqilicular to the plane of the orbit.

Proceeding, then, with tlic supiMwition that the disturbing bo4y is not

in the plane of the urliit ; and supposing Jig. 42 to be a perspective

view of an orbit B, B, n, (wliich, to assist our ideas, may be conceived

to differ little from a circle) with the disturbing body o out of the

Fig. 42.

instead of croMdng the plane D E at m, will cross it at m ; and then, if

it is not disturbed again, will proceed in an orbit of which B, b^m is a

part, and which will cross the plane D E at the points m and n. The

new line of nodes has twisted here also in the direction opposite to

the direction of the planet's motion, or has regretted. But the

inclination of the new plane is greater tHan that of the old one, since

it passes through the same point B,, and cuts the plane of reference in

a line leas distant from B, than the line in which the old one cut it, or

the inclination is increated.

(192.) We have, then, this general result : If a force actbig perpen-

dicularly to the orbit tends to draw the planet towards the plane of

reference, it always ouuea the line of nodes on that pUne to regress :

i^ile the planet is moving from a node to the point highest above the

plane of reference, it diminiihes the faiolination to that plane ; and

wUla the jjUinct is moving from the highest point to a node, it

increases the inclination.

(198.1 In the same manner, if the force tends to draw the planet

from the plane of reference, it always causes the line of nodes to

ungnm. While the planet is movmg from a node to the point

hi^cst above the phuie, it increases the inclination ; and while the

pUnet is movhig from the highest point to the node, it diminishes the

inclination.

(194.) Similar results would hare been obtained if we had considered

plane of the orbit, let us take three points B, B, B^, of which B, is at

the same distance as A from c, B, is nearer to o, and B, farther from o

than A is. Suppose that the attraction of o draws A in a certain small

time through the space a a, and that when the planet is at b,, or B„
or B„ the attraction draws the planet in the same time through B, b^,

or B, 6,, or Bjftj respectively. "Then (as in (71)) the attraction of o

upon the two bodies a and B would produce no disturbance in their

relative motions, if it drew them through equal spaces in the same
direction. Draw B, cf„ B, (f,, B, (f, each equal and ]>arallel to A a ; then

if the attraction had drawn B, to (f,, there would have been no dis-

turbance, and consequently the real disturbance at B, is represented

by a force which would have drawn the planet from rf, to i,. Similarly,

the real disturbances .it B., and B, are representeil by forces which
would have drawn the planet from rf, to 6„ and from rf, to b,

respectively. Now, since c B, is equal to c a, the forces of c uiwn a
and B, are equal, and tlierefore B, i, is equal to A a, and tliercfore

a 6, is parallel to a b,, and therefore is in the same straight hne
with i, rf, ; and consequently at b, the whole disturbing force is

parallel to the radius vector, and there is no part perpendicular to the

plane of the orbit. But at B, the planet is nearer to c, the foroe

therefore on the planet is greater, and B, b, is therefore greater than

A o or B. dj ; also it is more nearly perpendicular to the plane of the

orbit tliaii B, </. ; and consequently 6, ia farther from the ]ilane of

the orbit than (/, ; and therefore the disturbing force rf, b^ is directed

from the plane of the orbit towards the side on which c is. On the

contrary, at B, the planet is farther from c ; the force on the planet is

therefore leas : and B, 6, is therefore less than a a or B, <<, ; moreover

it is inclined more to the perpendicular than B, d., and consequently

6, is nearer to the plane of the orbit than d, ; and therefore the dis-

turbing foroe rfjij is directed from the side on which c is. Thus
we find,

(196.) When the central and revolving bodies are equally distant

from the disturbing body, there is no disturbing force perpendicular to

the plane of the orbit.

(197.) When the revolving body is nearer the disturbing body than

the central body is, the disturbing force perpendicular to the pline

teuds to draw the revolving body out of the plane to that side on
which the disturbing body is.

(198.) When the revolving body is farther from the disturbing I>ody

than the central body is, &e disturbuig force perpendicular to the

plane tends to draw the revohing body out of the plane to the side

opposite the disturbing body.

We may now apply these conclusions to the alteration of the node
and inclination of the nKMin's orbit produced by the sun's attraction.

The plane of reference is here Bup|x>8vd to be the plane of the earth's

orbit.

(199.) First : supiiose the line of nodes of the moon's orbit to be

in syKygies, or to pass through the sun. Here the sun is in the moon's

orbit produced, and therefore, by (189), there is no disturbing force

perpendicular to the moon's orbit.

(200.) Secondly ; suppose the line of nodes to be in quadratures, or

to be perpendicular to the line drawn from the earth to the sun, .is in

Fig. 4S.

fil. 48. The sun, in the figure, may be considered as lieing below the

]>lane of the moon's orbit. Also, the moon's dintince from the earth

being small, the points, at which the moou's distance from the sun is

the same as the earth's, are very nearly the same as Uie points of

quadrature, or (in the case before us) they are very nearly the game as
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the nodes. Consequently, while the moon moves from B, through

B, to B,, she is nejirer to the sun than the earth is, and therefore the

disturbing force, by (197), tends to pull her downwards from the

plane of her orbit : while the moon moves from B., through Bj, to B,,

she is farther from the sun than the earth is, and therefore the dis-

turbing force tends to pull her upwards from the plane of her orbit.

In the case before us, then, the disturbing force is always directed

towards the plane of reference. Consequently, by (192), while the

moon moves from B, to B,, the line of nodes is meide to regress, and
the inclination is diminished ; wWle the moon moves from B, to Bj,

the line of nodes regresses, and the inclination is increased ; while the

moon moves from B, to B„ the line of nodes regresses, and the incli-

nation is diminished : and while the moon moves from Bj to B,, the
line of nodes regresses, and the inclination is increa.sed. The in-

clination, therefore, is not sensibly altered in a whole revolution, but
the line of nodes regresses during the whole of the revolution.

(201.) Thirdly : suppose the line of nodes to be in such a position

that the moon passes the line of nodes in going from quadrature to

Byzygy, as in Jtij. 44. Here the sun is to be considered as below the
moon's orbit, and, therefore, while the moon moves from b„ through

Fig. 44.

B„ to B„ the disturbing force tends to pull her domi from the plane
of the orbit, and while she moves from Bj, through b„ to B,, the force

tends to pull her up from the plane of her orbit. Therefore, in going

^ from B, to N, the force pulls the moon from the plane of reference

;

and causes thereby a progression of the line of nodes and a diminution
of the inclination (193) : in going from N to the highest point o, the
force pulls the moon towards the plane of reference ; and, therefore,

causes the nodes to regress, and the inclination to diminish (192) ; in

going from the highest point o to B,, the force still pulls the moon
towiuxls the plane of reference ; ."ind, therefore, still causes the nodes
to regress, but causes the inclination to increase. Thus while the
moon moves from B^ to n, the force causes the line of nodes to pro-

gress, and while she moves from N to B„ it causes the line of nodes to
regress ; and, similarly, while she moves from B, to M, the force causes
the line of nodes to progress ; and while she moves from M to B , it

causes the line of nodes to regress. On the whole, therefore, the line

of nodes regresses, but not so rapidly as in the second case. Also,
while the moon moves from B, to o the inclination is diminished, and
while she moves from o to b, the inclination is increase<I ; and,
similarly, while she moves from B, to p the inclination is diminished

;

and whUe she moves from p to B, the incUnation is increased. On the
whole, therefore, the inclination is diminished.

(202.) Fourthly : suppose the line of nodes to be in such a position
that the moon passes it in going from syzygy to quadrature, as in

fy. 45. Here, also, the sun is below the piano of the orbit produced

;

and, therefore, from B^ to B, the force tends to pull the moon down
from her orbit ; and from B, to B, it tends to pull her up from it. As
in the last case it would be seen, that while the moon moTea from

Fig. 45.

B, to M, the line of nodes regresses ; while from u to B., the line of
node* progresses ; while from B, to .v, the line of nodes regresses ; and
while from N to B„ the line of nodes progresses. On the whole, there-
fore, the line of nodes regresses. -Also, it will be seen, that while the
moon moves from b, to o, the inclination is diminished ; while from
? *°. ^V ^^^ inclination is increased ; while from b, to p, the inclination
is diminished ; and while from p to B„ the inclination is increased.
On the whole, therefore, the inclination is increased.
The same reasoning would apply, and le-id to the same conclusions

in every re»i)ect, if we supposed the moon's orbit inclined m the
opposite direction.

(203.) Now the earth moves round the sim, and, therefore, the sim
.ippears to move round the earth, and in the same direction in which
the moon moves round the earth. If then wo begin with the state in
which tlje Hne of notles is passing through the sun (and in which
neither the node nor the inclination undergoes any change, by the first
case), we come next to the state in which the moon passes the line of
nodes m going from quadrature to syzygy (in which the node regresses
and the mclination diminishes, by the third case) ; then we come to
the state in which the line of nodes coincides with the line of quad-
ratilJM (in which the node regresses rapidly, and the inclinjition is not
altered, by the second case) ; then we come to the state in whicli the
moon psMes the line of nodes in going from syzygy to quadrature (in
which the node rMiresses and the inclination is increased, by the
fourth case)

; and then we come to the state in which the line of nodes
again passe* through the sun. ThU is when the sun has described,
apparently, half a revolution round the earth (or rather less in con-
sequence of the regrenion of the nwle), and in the other half revolu-
tion, the same changes in every respect take place in the same order
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The inclination, therefore, is greatest when the line of nodes passes
through the sun, or coincides with the line of syzygy ; and is least

when the Hue of nodes coincides with the line of quadratures ; since
it is constantly diminishing while we .are going from the former state
to the latter, and constantly increasing while we are going fr'om the
latter state to the former. This is the principal irregularity in the in-

clination of the moon's orbit ; .all the others are very small.

(204.) The line of nodes is constantly regressing at every revolution
of the moon, except when the line of nodes passes through the sun.
The annual motion which we might at first expect it to have is some-
what diminished by the circumstance that the rapid regression of the
line of nodes, when in the position in which the greatest eifect is pro-
duced, carries it from the line of quadratures more swiftly than the
sun's progressive motion only, by making the line of quadratures to

progress, would separate them. But as the line of nodes never pro-
gresses, tlie diminution of the motion of the hne of nodes thus occa-

sioned is very much less th.an the increase of the motion of the line of

apses (107). Also, as the force acting on opposite pointo of the orbit

tends to produce effecta of the siune kind, there is no irregularity

similar to that explained in (106). Hence the actual regression of the
line of nodes, though a little less than might at first be expected,
differs from that regression by a much smaller quantity than that by
which the actual motion of the line of apses differs from the motion
which at first we might expect it to have. The line of nodes revolves
completely round in something more than nineteen years.

(205.) The effect of the irregul.arity in the regression of the nodes,
and the effect of the alternate increase and diminution of the incli-

nation, are blended into one inequality of latitude, wliich depends on
the sun's longitude, the longitude of the moon's node, and the moon's
longitude. Tliis inequality was discovered (from observation) by
Tycho Brahd, about 1590. It may be considered to bear the same
relation to the inclination which the evection bears to the excentricity

;

and, like the evection in longitude, it is the greatest of the inequalities

in latitude. It is, however, much less than the evection ; ite greatest
effect on tlie moon's latitude being about 8', by wliicli the mean in-

cUnation is sometimes increased and sometimes diminished.

(206.) There are other small inequalities in the moon's latitude,

arising partly from the changes in the notle and incUnation, wliioh take
place several times in the course of each revolution (200), &c.

;
partly

from the excentricity of the orbita of the moon and the earth, partly
from the (Ustortion accompanying the variation, and partly from the
variabiUty of the inclination itaclf. We shaU not, however, delay
ourselves with the explanation of all these terms.

(207.) We shall now proceed with the disturbance of the planets in
latitude.

In this inquiry it is always best to take the orbit of the disturbing
planet for the place of reference. Now let us first consider the case
of Mercury or Venus disturbed by Jupiter. In this case Jupiter
revolving in a long time round the sim, which is the central body to
Mercury or Venus, produces exactly the same effect .as the sun
revolving (or appearing to revolve) round the earth, which is the
central body to the moon. The disturbing force of Jupiter therefore
produces a regression of the nodes of the orbits of Mercury and Venus
on Jupiter's orbit ; and an iiTCgularity in the motion of each node, and
on alteration in the incUnation, whose effecta might be combined into
one : and this is the only inequality in their latitude, produced by
Jupiter, whose effecta are sensible.

(208.) The other inequaUties in latitude, depending on the relative

position of the planeto, possess no particular interest ; and a general
notion of them may be formetl from the remarks in the discussion of

the motion of the moon's node. One case, however, may bo cosily

under8too<l. When an exterior planet is disturbed by the attraction

of an interior one, whose distance from the sun is less than half the
distance of the exterior planet, and whose periodic time is much
shorter, then the exterior planet is always further from tlie interior

planet than the sun is ; and therefore, by (195), there is a disturbing
force urging it from the pl.ane of reference when the planets are in

conjunction, and to it wlieu they .arc in opposition ; .and thus the ex-
terior planet is pu8he<l up and down for every conjunction of the two
planeto. The rUsturbance, however, is nothing when the exterior

planet Is at the line of ita no<tes (195).

(209.) The near commensurability of periodic times, which so

strikingly affecta the major axis, the excentricity and the place of peri-

helion, produces also considerable effecta on the node .and the incU-

nation. The reasoning of (175) and (176) will in every respect apply
to this Ciise ; the greatest effect is produced, both on the motion of tlie

node and on the ch.ange of incUnation, when the planeto are in con-

junction : the gradual alteration of the point of conjunction produces
a gradual alteration of these effecta, which, however (in sucli a case as

that of Jupiter and S.atuni), is partially counteracted by the gi.adual

change of the other points of conjunction : the uncompensated part,

however, may, in many years, produce a very sensible irregultvrity in

the elemento. If we put the words line of nodes for line of apsef, and
inclination for ej-eentricili/, the whole of the reasoning in (175), &c., will

apply almost without alteration.

(210.) For the secular variation of the position of the orljit, the

foUowing considerations seem sufficient. In the long run the disturbed

planet has been at every one point of ita orbit a great number of times,

I. L
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wUk th* dktartii^ phnat hM bMaatalaoit a*«7pHt of iUorbiV

"Dm diiturbinK fate* alm^ the dUBwin* of tiie form which act

OB th« mm ana on tit* diaturfaacl pfama^ Aa the diaturbiq; pUnot, in

th«* Tariotti poaitioiii, aot« upoo the aun in all diraotiona in the plane

of ita orbit, ita atbct oa the aim may be wholly negleoted ; and then

it is eaajr to aao that, billMli' ths diiturbing pUnet be eztoiior or in-

terior to the oUmt, tho oomWned eflbct of the furoaa in all theae point/

on the diatorbad piaoat at one noint ia to f>uU it from ita orbit towards

the phM of iba diaturbing ptanet'a orbit. (This dependa upon the

oireamatanoa that the fbroe b greatest when the disturbing idanet is

naaraat.) Caoaequently, by (19S), the line of nodea of the disturbed

pbnat's orbit on the diabirbing planet's orbit, in the Ico^ ran, always

rtgraaea. If the orfalta are ciroular, there is no alteration of the in-

Tilinatiini. aiaoe, at pointa equally distant from the highest point, there

is the same loroa on the dirturbed planet ; and, therefore, by (102), the

inflHnatiflii is increased at one time,and diminished aa much at another.

If the orbits are elUptio, one point may be found where the effect of

the force on the inclination is greater tUim at any other, and the whole

affsct on the inclination will be similar to that.

(211.) In stating that the nodes always ragresa in the long run, the

teader must be careful to restrict this eocpreaiion to the sense of re-

ftiiisaiii(i, on the orbit of the disturbing planet It may happen that

CO another orbit they will appear to progreaa. Thus the nodes of

Jupiter^ orbit are made to regress on Saturn's orbit by Saturn's dis-

turbing force. The nodes of these orbits on the earth'H orbit ore not

very widely separated ; but the inclination of Saturn's orbit iii greater

than that of Jupiter's. If we trace these on a celestial globe, we shall

have such a figure aa Jig. i6, whar« lo repreaento tiie plane of the

rir.M.

earth's orbit, j b the orbit of Jupiter, and s T that of Saturn. The
orbit of Jupiter, by regressing on Saturn's orbit, assumes the position

of the dotted line j e ; but it is plain that the intersection of this

orbit with the earths orbit has gone in the opposite direction, or has

progressed. If the motion of the node on Saturn's orbit from j toj

IS regression, the motion of the node on the earth's orbit from E to e

must be progression.

(212.) There is a remarkable relation between the inclinations of all

the orbits uf the planetary system to a fixed plane, existing through
all their secular variations, similar to that between their excentricities.

The sum of the products of each mass, by the square root of the

major axis of its orbit, and by the square of the inclination to a fixed

plmic, is invariable.

(213.) The disturbance of Jupiter's satellites in latitude presents

circunutances not less worthy of remark than the disturbance in lon-

gitude. The masses are so small, and their orbits so little inclined to

each other, that the small inequalitieB produced in a revolution may be
neglected. Even that dependmg on the slow revolution of the line of

conjunctions of the first three satellites, so small is the mutual in-

clination of their orbits, does not amount to a sensible quantity. We
shall therefore consider only those alterations in the position of the

planes of tiie orbits which do not vary sensibly in a small number of

revolutions. For this purpose we must introduce a term which has

not been introduced before.

(214.) If the moon revolved round the earth in the same plane in

which the earth revolves round the sun, the sun's attraction would
never tend to draw the moon out of that plane. But (taking the cir-

cumstances as they really exist) the moon revolves round the earth in

a plane inclined to the plane in which the earth revolves round the sun

;

and the consequence, aa we have seen is, that the line of nodes upon
the latter plane regresses, and the inclination of the orbit to the latter

plane remains, on the whole, imaltered. The plane of the earth's orbit,

then, may be oonddered ttftmdamaUal pUmeio the moon's motion ; by
which term we mean to express, that if the moon moved iu that ]>UDe,

the disturbing force would never draw her out of it ; and that iX she
moved in an orbit inclined to it, the orbit would always be inclined at

nearly the aame angle to that plane, though its line of nodes had
ensibly altered. The latter condition will, in general, be a consequence
of the former.

(21S.) In order to diaoover what will be the fundamental plane for

one of Jupiter's satellites, we must consider that, besides the sun's

attraction, there is another and more powerful disturbing force acting
on theae bodies, namely, the irregularity of attraction produced bv
Jnpiter'a flatness. The effect of this (aswe shall diow) ix always to pull

the satellites towards the plane of Jupito's equator. If Jupiter were
qiherical, the only disturbing force would be the sun's attraction, tend-
ing on the whole to draw the satellite towards the plane of Jupiter's
oroit, and that [Jane would be the fvmdamental plane uf the satollite.

If Jupiter were flattened,and if the sun did not disturb the satollitv.tlir

irregularity in Jupiter's shape would always tend to disw the satellite

towards the plane of his equ.itor, and the plane of his equator would
be the fundamental plane of the satellite. As both causes exist, the

poiitioa of the actual lnnd«nantal plane most be found by the foUowjng
ccoaidaration. Wo moat diMovar the position of a plane from which
the son's disturbing fosM tsads, on the wh<de, to draw the satellite

downwards, and the disturbing foroe depending upon Jupiter's shape
tenda to draw it upwards (or nes eerstf), by equiu quantities ; and that

plane will be the fundamental plane. TtiiM plane muat lie bHietn the
planaa of Jupiter'a orbit and Jupiter's equator, because thus only can
the disturbing forces act in oppcaite ways, and therefore balance each

.

other : and it must pass through their intersection, aa otherwise it

would at that pari bealiove both or below both, and the fbrcea depending
on both cauaaa would act the aame way.

(216.) The disturbing fbroe of the aun, as we have seen (8S), fte.. la

greater as the satalUte fa more distant ; the disturbing foroe depending
on Jupiter's shape fa then lasa, as we shall mention hereafter. Con-
sequently, as the aatellite is mora distant, ths effect of the sun's disturb-

ing force is much greater in proportion to that depending on Jupiter's

shape. Thus, if there were a single satellite at the distance ofJupiter's

first satellite, its fundamental ^one would nearly coincide vrith the

plane of Jupiter's equator; if at the distance of Jupiter's second satel-

lite, its fimdament<d plane would depart a Uttle farther from coin-

cidence with the plane of the equator ; and so on fur other distances

;

and if the distance were very great, it would nearly coincide with the
plane of Jupiter's orbit. If, then, Jupiter's four satellites did not
disturb each other, each of them would have a separate fundamental
plane, and the positions of these planes would depend only upon each
satellite's distance from Jupiter.

(217.) In iaiA, the satellites do disturb each other. In speaking of

the planets (210), we have observed that the effect of the attraction of

one planet upon another, in the long run, is to exert a disturbing force

tending to draw that other planet (at any part of its orbit) towanlathe
plane of the first planet's orbit. The same thing is tnie of Jupiter's

satellites. Now, though each of them moves generally in an orbit

inclined to ite fimdamental plane, yet in the long run (when the nodea
of the orbit have regressed many times round), we may consider the
motion of each sateUite as taking place in ita fundamenfad plane. The
question, therefore, must now be stated thus. The four satellites are

revolving in four different fundamental planes ; and the position of

each of these planes is to be determined by the consideration that the
satellite in that plane is drawn towards the plane of Jupiter's orbit by
tho sun's disturbing force, towards the plane of Jupiter's equator by
the force depending on Jupiter's shape, and towards the plane of eoui
of the other three satellites, by the disturbing force produced by each
satellite : and those forces must balance in the long run.

(218.) The determination of these planes is not very di£5cult, when
general algebraical expressions have been investigated for the magnitude
of each of the forces. The general nature of the results will be e.-i^ily

seen ; the several fundamental planes will be drawn nearer together

(that of the first satellite, that of the second, and that of the third, will

btf drawn nearer to Jupiter's orbit, while that of the fourth will be
drawn nearer to Jupiter's eqiiator). The four planes will still pass

through the intersection of the plane of Jupiter's equator with that of

Jupiter's orbit. Thus, if we conceive the eye to be placed at a great

distance, in the intersection of the planes of Jupiter's oroit and Jupiter's

equator, and if the dotted lines in jig. 47 represent the appcaionoe of

Fig. 47.

the fundamental planes which would exist if the satellites did not

disturb each other, then the dark Unes will represent the positions of

these planes as affected by the mutual disturbances. The inclination of

Jupiter's equator to Jupiter's orbit is about 3° £'; and so great is tho

effect of hjs shape, that the fundamental pbuie of the first satellite is in-

clined to his equator by only 7" ; that of the second satellite by about

V ; that of the third by about 5' ; and that of the fourth by about 244'.

Without mutual perturbation, the inclinations to Jupiter's equator

would have been about 2", 20", 4', and 48'.

(219.) Having considered the positions of the fundamental planes,

we abiUl now consider the motion of a satellite, when moving in an
orbit inclined to its fundamental piano.

(220.) The general effect will be of the same kind as that for tho

moon. Since the disturbing force which then tends to pull it from the

plane of its orbit, tends to pull it towards the fundameuta] plane (as,

supposing the sateUite to be on that side of the fundamental plane next

the plane of Jupiter's equator, the sun's diaturbing fbroe towaitb

Jupiter's orbit is moreaaed, that towards Jupiter's equator is diminished,

ana so for the others), the line of nodes will regress on the fund.imental

plane. The inclination on the whole will not be altered. Tliat port of

tho regression of the nodes which depends on the sun's disturbing foroe

will be groatur for tho distant satellites than for the nctr ones ; but

that which depends on the shape of Jupiter (and which is much more
important) will be greater for the near satcUites than for the distant

ones. On tho whole, therefore, the lines of nodes of the interior latel-
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lites will regress more rapidly than those of the exterior ones. Their

annual regreasions (beginning with the second) are, in fact, 12°, 2°, 32',

and 41'.

(221.) But the disturbing force of one satellite upon the others will

be altered by the circumstance of its orbit not coinciding with its

fundamental plane ; and the orbit remains long enough in nearly the
same position to produce a very sensible irregiUarity. To discover the

nature of this, we must observe that the force of one satellite, per-

pendicular to the orbit of another, depends wholly upon the inclina'

, tion of the two orbits, so that, upon increasing the inclination, the
disturbing force is affected. Suppose now, to fix oiu- ideas, the second
aateUite moves in an orbit inclined to its fundamental plane ; what is

the kind of disturbance that it will produce in the latitude of the first

satellite ? First, it must be observed, that when moving in the fvmda-

mental planes, the forces depending uiwn the inclination of those
plAnes were taken into account in determining the position of those
planes : so that here we have to consider only the alteration produced
by the alteration in the second satellite's place. Next we shall proceed
in the same manner as in several preceding instances, by finding what
is the motion of the first satellite, related to the motion of the second
satellite, which can exist permanently with this inclination of the
second sateUite. Now, in whatever part the actual orbit of the second
is higher above, or less depressed below, the orbit of the first, than the
fundamental plane of the second was, at that part there will be a
greater force drawing the first satellite up, or a smaller force drawing
it down (in the conjunctions at that part), than before. The alteration

of force, then, will be generally represented by supposing a force to

act on the first satellite, at different points of its orbit, tow,^rds the
same side of ita orbit as the side on which the second satellite's orbit

is there removed from its fundamental plane, and proportional to the
magnitude of that removal. Now, conceiving the inequality intro-

duced into the motion of the first satellite to be a small inclination of

its orbit to its fundamental plane (which is the only inequaUty of

Jupiter's satellites that we consider), the nodes of this orbit cannot
correspond to the places where the second satellite is furthest from its

fundamental plane ; for then, at one node of the first satellite, the
disturbing force, before and i^ter passing that node, being great, and
not changing its direction, would not alter the place of the node, but
would greatly alter the inclination : and .it the opposite node, the
force acting in the opposite direction would produce the same effect

;

and thus the permanency of the inequality would \>e destroyed. We
must then suppose the nodes of the orbit of the first satellite on its

fundamental plane to coinci<Ic with those of the orbit of the second
satellite on its fundamental pLine. But is the inclination to be the
same way, or the opposite way ? To answer this, we must consider
that the action of Jupiter's shape would tend to make the nodes of the
first s.-»tellite regress much more rapidly than those of the second ; but
as our orbit of the first satellite is assumed to accompany the second
in its revolution, the disturbing force depending on the second must
be such as to destroy a port of this regression, or to produce (separately)

a progression of the nodes of the first ; conse<iuentIy, the disturbing
force produced by the second must tend to draw the first from its

fundamental plane (193). But the disturbing force produced by the
second is in the same direction as the distance of the second from the
fundamental plane of the second ; conseciuently, the orbit of the first

must lie in the same position, with reganl to the fimdamental plane
of the first, in which the orbit of the second lies with regard to the
fundamental plane of the second. The same reasoning appUes to every
other case of an interior sateUite disturbed by an exterior ; and thus
we have the conclusion : If the orbit of one of Jupiter's satellites is

inclined to its fundamental plane, it affects the orbit of each of the
satellites interior to it with an inclination of the same kind, and with
the same nodes.

(222.) Let us now inquire what will be the nature of the inequality
produced in the latitude of the third satellite. The same reasoning
and the same words may, in every port, be adopted, except that the
regrevion of the nodes of the third satellite, as produced by Jupiter's
shape, will be slower than that of the second satellite, and therefore
the disturbing force which acts on the third must now be such as to
quicken the regression of its nodes, and must therefore be directed
towards its fimdamental i>lane. From this consideration we find, as a
general conclusion, if the orbit of one of Jupiter's sateUites is inclined
to iU fundamental plane, it affects the, orbit of each of the satellites
exterior to it, with so inclination of the opposite kind, but with the
same nodes.

(22-3.) The first satelUte's orbit appears to have no sensible inclina-
tion to its fundamental plane; but those of the second, third, and
fourth^ arc inclined to their fimdamental planes (the second 26', and
the third and fourth about 12'), and these are found to produce in the
othere inequalities such as we have investigated.

(224.) It is only necessary to add, that the disturbance of the first
sateUite by the second produces an alteration in the action of the first
on the second, tending to draw the second from its fundamental plane,
and therefore to diminish, by a smaU quantity, the regression of its
nodes. In the same manner, the altered action of the third on the
second tends to diuw the second towards its fundamental plane, and
thsrefore to incresss, by a small quantity, the regression of its nodes.
Then is exactly the same kind of compUcation with regard to the

disturbances of these bodies in latitude as with regard to those in

longitude, explained in (150), 4c.

(225.) The only other inequality in latitude, which is sensible, is

that depending on the position of the sim, with regard to the nodes of

the orbits on the plane of Jupiter's orbit (that is, with regard to the
node of Jupiter's equator on Jupiter's orbit), iind this amounts to only
a few seconds. It is exactly analogous to that of the moon, explained
in (205).

Section IX.

—

Effects of the Ohlateness of Planets upon the Motions of
their Satellites.

(226.) In the investigations of motion about a central body, we have
supposed that central body to be a spherical ball. This makes the
investigation remarkably simple ; for it is demonstrated by mathe-
maticians, that the spherical form possesses the following property

:

the .attraction of aU the matter in a sphere upon another body at .iny

distance external to it is exactly the same as if aU the matter of the

sphere were coUected at the centre of the sphere. In the investigation

of motion about a centre we may therefore lay aside (as we have usuaUy
done) all consideration of the size of the attracting body, if that body
is spherical.

(227.) But the planets are not spherical. Whether or not they have
ever been Suid, stiU they have (at least, the earth has) a great extent

of fluid on its surface, and the form of this fluid wiU be affected by
the rotation of the planet. The fluid will spread out most where the

whirling motion is most rapid, that is, at the equator. Thus it appears

from theory, and it is also found from measures, that the earth is not

a sphere, but a spheroid, flattened at the north and south poles, and
protuberant at the equator. The proportion of the axes tUffers little

from the proportion of 299 : 300 ; so that a line drawn through the

earth's centre, and passing through the equator, is longer than one
passing through the poles, by 27 mUes.

(228.) The flattening of Jupiter is still more remarkable. The pro-

portion of his axes differs little from th.it of 13 : 14, and thus the

difference of his diameters is nearly 6000 mUes. In fact, the eye is

caught by the elUptic appearance of Jupiter, on viewing him for a

moment in a telescope.

(229.) It is our business, in the present section, to point out the

general effects of this shape upon the motion of satellites. The agree-

ment of observation with calculation on this point is ccrt.iiuly one of

the most striking proofs of the correctness of the theory, " that every

particle of matter attracts every other i>article, according to the law of

Universal Gravitation."

(230.) We wUl begin with expLiining the law according to which an
oblate planet attracts a satellite in the plane of its equator.

The spheroid represented by the dark line mj{;i. 48 may be supposed
to be formed from the sphere represented by the dotted line, by cutting

off a quantity of matter from each pole. 'To simpUfy our conception,

let us suppose that all the matter cut off was in one lump at each polo

;

D

Fig. 48.

that is, at the points D and E. The attraction of the whole sphere on
tile satellite B, as we have remarked, is the same as if all the matter
of the sphere were collected at A. But the attraction of the part cut

off is not the B<ime as if it were collected at A, inasmuch as its distance

from B is greater, and as the direction of the attraction to d, or to e,

is not the same as that to A. Thus, suppose a D is called 1, and a b
is called 10. Since the forces are inversely as the squares of the

distances at which the attracting mass is situate, the attraction of the

lump D, if at the point ,v, where its distance from B is 1 0, may be called

jig ; but if at D, it must be called jij, since thii square of B D is equal to

the sum of the stpiares of B A and a d, that is, to the sum of 100 and 1.

Also the direction of attraction is not the same ; for, if the attraction of

D should draw the satelUte through B h, and if 6 c be drawn perpendicular

to A B, the only effective approach to A is the distance B c, which is less

than B 4 in the proportion of B a to B d, or of 10 to V 101 ; and, there-

fore, the effective attraction of D, estimated by the space through which

it draws the satelUte towards A must be caUed •—r. And this is

101 X y/Wl

the whole effect which its attraction produces ; for though the

attraction of d alone tends to draw the satelUte above A B, yet the

attraction of E wiU tend to draw it as much below a b ; and thus the

parts of the force which act perpendicular to A B wiU destroy each

other. We have, then ; the attraction of the lump D, if placed at A,

would be represented by
Jq«

= O'Ol ; but as placed as D, its effective

10
attraction is represented by 7=^ = 00088618. The difterence

'
101 X vTOl

1500
. .

is 0-0001482, or ne.irly
jQQQOQ

th of the whole attraction of D, and the

same for I. Consequently, the lumps at D and £ produce a smaUer
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•6tethre aUnottoB oo B than if thmr vera collected at a ; but tbo

whole inhere produoei the Mine elwct • if it* whole mesa were
ooUected at a ; and, therafdre, the part left after cutting away tlic

lump* at D and c prodooee a greater attiaetion than if ita whole nuoti

were ooUect«<l at a.

(381.) But it is important to inquire, whether thia attraction u
greater than if the nutter of the spheroid were collected at the ooutri>,

in the same |ir<>ii>^rti<>n at all diBtances of the satellite. For Uiih

purpoee, suppose Uio distance of the satellite to be 20. The sonic

reasoning would show, that the attraction of the lump D, if placed at

A, roust now be represented by 7^^ — 0'0025 ; but that, if placed at

20
B, its effeotire attraction is represented by — — = 0-002490058.

401 X ••401

375
The diflerenca now is 0-000009347, or neaily .q^q^^ of the whole

attraction of n. Consequently by removing the satellite to twice the

distance from a, the difference between the effective attractiun of the

lump at A ami at n bears to the whole attraction of the lump at a a

proportion four times smaller than before. And, therefore, the
attractinn of the spheroid, though ntill f^-eatcr tlian if its whole matter
w.>ro collected at A, differs from tlmt by n quantity, whose proportion

to the whole attraction is only one-fourth of what it was before. If

we tried different distances in the same m.tnner, wo should find, .is a
general law, that the proportion which the difference (of the actual

attraction, and the attraction supposing all the nutter collected at the
centre) bears to the hitter, diminishes as the square of the distance

from A increases.

(232). The attraction of an oblate spheroid upon a satellite, or other
body, in the jilone of its ec^uator, may therefore, be stated thus :

—

There is the same force as it all the matter of the spheroid were
collected at its centre, and, besides this, there is an additional force

depending upon the oblateness, whose proportion to the other force

diminishes as the square of the distance of the satellite ifl increased.

(233.) Now, let us investigate the law according to which an oblate

spheroid attracts a body, situate in the direction of its axis.

Proceeding in the same manner as before, and supposing tlie

distance a b to be 10, the attraction of the lump, which at a would be
repreaented by ^f,, will at D be represented by „',, and will at E
be represented by ,J„ (since the <U8t'knces of D and E from B arc

respectiTcly 9 and 11). Hence, if the two equal lumps, T> and E, were

Fig. 49.

collected at the centre, their attraction on B would be TTjn-f i7)n='eo

>=0-02. In the positions D and the sum of their attractions on D is

1 1

gT-t-J2J= 0-0206100. The difference is 00006100, by which the

attraction in the latter case is the greater. Consequently, the attraction
of the limips in the positions D and E is greater than if they were col-

lected at the centre by nearly ,^,ths of their whole attraction ; but the
attraction of the whole Hphere is the same as if all the matter of the
sphere were collected at the centre ; therefore, when these lasia are
removed, they must leave a mass, whose attraction is less than if

iU whole matter were collected in the centre. With regard to the
alteration depending on the distance of B, it would be foimd, on trial,

to follow the same law as before.

(234). The attraction of a spheroid on a body in the direction of its

axis may, therefore, be represented, by supposing the whole matter
collectc<l at the centre, and then supposing the attraction to be
diminished by a force depending on the oblateness, whose proportion
to the whole force diminishes as the sqiuve of the distance of the body
is iDcreaaed.

(236). Since the attraction on a body, in the plane of the equator,
ii greater than if the mass of the spheroid were collected at its centre,
and the attraction on a body in the direction of tlie axis is less, it will
readily be understood, that in taking directions, successively more and
more inclined to the cqiuitor, on Ixith sides, the attnution successively
diminishes. And there in one inclination, at wbiih the attraction is

exactly the same as if the whole mass of the spheroid were collected at
its centre.

(236). Now, suppose that a satellite revolves in an orbit, which
c(>incidea with the plane of the equator, or makea a nnall angle with

it ; what will be the nature of its orbit ? For this investigation wo have
only to consider, that there is noting upon the satellite a foroe, the
same as if all the matter of the spheroid were ooUeeted at its oentn,
and, oonaequentlv, proportiooal invenely to the aqnare of the distance,
and that, with this force only, the satellite would move in an ellipse,
whoae focus coincided with the centre of the spheroid. Uut besides
this, there is a force always directed to the centre, depending on the
oblateness. One effect of it will be, that the periodic time will be
shorter with the same mean distance, or the mean distance greater
with the same periodic time, than if the former were the only foroe.

(46). Another effect will be, that when the satellite is at its greatest
distance, this force will cause the line of apses to regress, and when at
its smallest distance, this force will cause Uie line of apaes to progrMs,
(50) and (53). If this force, at <lifferent distances, were in tne same
pro|>ortion as the other attractive force, it would, on the whole,
cause no alteration in the position of the line of apses, (for it would
amount to the same as increasing the central mass in a certain ]iro-

portion, in which case an ellipse, with invariable line of apses, would
be described ; that is, the r^;ression at the greatest distance would be
equal to the progression at the least distance. (See lie note to (98).)
But (231) the proportion of this force to the other diminishes as the
distance is increaseil. Consequently, the regression at the greateat
distance is less than the progression at Uie least distance, and, there-
fore, on the whole, tlio line of apses progresses. Also, the nearer the
satelUte is to the planet, the greater is the proportion of this force to
the other attraction; and, therefore the more n^iid is the progrosaion
of tlie line of apses at eveiy revolution. The progression of the line of
apses of the moon's orbit, pro<luce<l by the earth's oblateness, is so
small in comparison with that produced by the sun's disturbing force,
that it can hardly be discovered ; but the progression of the line of
apses in the orbits of Jupiter's satellites, product by the obUteness of
Jupiter, is so rapid, especially for the nearest s.itellites, that the part
produced by the sun's disturbing force is small in comiariaon with it.

(237.) We shall now proceed with the investigation of the disturbance
in a satellite's latitude, produced by the oblateness of a planet.

(238.) First, It is evident that if the satellite's orbit coincides with
the plane of the planet's equator, there will be no force tending to pull
it up or down from that plane ; and, therefore, it will continue to
revolve in that plane. In this case, then, there is no disturbance in
latitude ; we must, therefore, in the following investigation, suppose
the orbit inclined to the plane of the equator.

In Jit/. 60, then, let us consider (as before) the effect of the attractions

FifT. 50.

of the two lumjw at d and E, in pulling the satellite B perpendicularly
to the line a b. Now d is nearer to B than r. is ; ahio the line D n is

more inclined than E B to a B. If the attraction of D alone .ictwl, it

would in a certiin time draw the satellite to d ; and fd would lie the
part of the motion of B, wliich is perpendicular to a B ; and this motion
is upwards. In like manner, if the attraction of E alone drew b to e in
the same time, g e u-ould be the motion perpendicular to a B, and thia
motion is downn-ords. When both attractions act, these effects are
combined; the question then is, which is greater, /rf or je? Now,
since D is nearer than E, the attraction of D is greater than that of r,

therefore Bdia greater than B e ; also B d is more incUned than B e to
B A ; therefore df is much greater than g e. Hence, the force which
tends to draw B upwards is the preponderating force ; and therefore,

on the w-hole, the combined attractions of D and E will tend to draw
the satellite upwards from the line B a. But the attraction of the
whole sphere would tend to draw it along the Une B a. Therefore,
when D and E arc remove<l, the attraction of the remaining mass (that

is, the oblate spheroid) will tend to draw B below the line B a. In
estimating tlie attraction of an oblate spheroid, therefore, wo must
consider, tliat besides the force directed to the centra of the spheroid,

there is always a force perpendicular to the radius vector directed
towards the plane of the equator, or tending to draw a satellite from
the plane of its orbit towards the plane of the planet's equator. If the
satellite is near to the planet, the iiiw|uality of tbo pn>i>ortion of the
distances d b and E B is increased, and the inequality of the inclinations

to B A is also increased ; and the disturbance is, therefore, much greater
for a near satellite than for a distant one.

(239.) We have seen (215) the effect of this disturbing force in
dct4!nnining the fundamental planes of the orbits of Jujiiter's satellites.

And from (192), Ac., we can infer, at onqo, that this force will cause
the line of nodes to regress, if the orbit is inclinctl to the fundamental
plane, and the more rapidly as the s.atellite is nearer to tlio planet. If

there were no other disturbing force, the inclination of those orbits to
the plane of Jupiter's equator would be invariable, and their ncKles

would regress with different velocities, those of the near satellites
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regressing the quicker. In point of fact, the circumstances of the

inner satellites are very nearly the same as if no other disturbing force

existed, so great is the effect produced by Jupiter's oblateness.

(240.) The figure of Saturn, including in our consideration the ring

which surrounds him, is different from that of Jupiter ; but the same
principles will apply to the general explanation of its effects on the

motion of its satellitesi The body of Saturn is oblate, and the forces

which it produces are exactly similar to those produced by Jupiter.

The effect of the ring may be thus conceived :—If we inscribe a

spherical surface in an oblate spheroid, touching its surface at the two
poles, the spheroid will be divided into two parts ; a sphere whose
attraction is the same as if all its matter were collected at its centre,

and an equatorial protuberance analogous in form to a ring. The whole
irregularity in the attraction of the spheroid is evidently due to the

attraction of this ring-like protuberance, since there is no such irregu-

larity in the attraction of the sphere. We infer therefore that the
irregvilarity in the attraction of a ring is of the same kind as the

irregularity in the attraction of a spheroid, but that it bears a much
greater proportion to the whole attraction for the ring than for the

8pheroid, since the ring produces all the irregularity without the whole
attraction. Now, the plane of Saturn's ring coincides with the plane

of Saturn's cqu,itor, so that the effect of the body and ring together is

found by simply adding effects of the same kind, and is the same as if

Saturn were very oblate. The rate of progression of the periaatiuTiium

of any satellite, and the rate of regression of its node, will therefore be

rapid. In other respects it is prol»ble that the theory of these satellites

woidd be very simple, since all (except .the sixth) appear to be very
small, and the sun's disturbing force is too small to produce any
sensible effects.

(241.) The satellites of Saturn, except the sixth, have been observed
so little that no materials exist upon which a theory can be founded.
A careful series of observations on the sixth satellite has lately been
made by Bessel, from which, by comparing the observed progress of

the perisatumium and regression of the node nith those calculate<l on
an assumed mass of the ring, the real mass of the ring has been foimd.

It appears, thus, that the mass of the ring (supposing the whole effect

due to the ring) is about ^th of the mass of the planet.

(242.) The effect of the earth's oblateness in increasing the rapidity

of regTeasion of the moon's nodes is so small, that it cannot be dis-

covered from observation. But the effect on the position of the fimda-

mental plane is discoverable. We have seen (204) that the moon's
line of nodes regresses completely round in 19J years. The plane of

the earth's equator is incline<l 231° to the earth's orbit, and the line of

intersection alters very slowly. At some time therefore the line of

nodes coincides with the intersection of the plane of the earth's

equator and the plane of the earth's orbit, su that the plane of the
moon's orbit lies between those two planes ; and 9] years later, the
lino of nodes again coincides with the same line, but the orbit is

inclined the other way, so that the plane of the moon's orbit is more
inclined than the plane of the earth's orbit to the plane of the earth's

equator. Now it is found that in the former case the inclination of

the moon's orbit to the earth's orbit is greater than in the latter by
about 16", and this shows that the plane to which the inclination has
been uniform is neither the plane of the earth's equator nor that of the
earth's orbit, but makes with the latter an angle of about 8*, and is

inclined towards the former.

(243.) There is another effect of the earth's oblateness (the only
other effect on the moon which is sensible) that deserves notice. The
inclinatiop of the moon's orbit to the earth's orbit is less than 5°, and
the inclination of the earth's e<iuator to the earth's orbit is 234°.

Consequently, when the moon's orbit lies between these two planes,

the inclination of the moon's orbit to the earth's equator is about 19"

;

and when the line of nodes is again in the same position, but the orbit

is inclined the other way, the inclination of the moon's orbit to the
earth's equator is about) 28°. At the latter time, therefore, in conse-

quence of the earth's oblateness, the moon, when farthest from its

node, will, by (235), experience a smaller attraction to the earth than
at the former time when farthest from its node. When in the line of

nodes, the attractions in the two cases will be equal On the whole
therefore the attraction to the earth will be less at the latter time than
at the former. For the period of 91 years therefore the earth's attrac-

tion on the meon is gradually diniinished, and then is gradually
increased for the same time. The moon's orbit (47) becomes gradually
larger in the first of these times, and smaller in the second. The
change is very minute, but, as explained in (49) the alteration in the
longitude may be sensible. It is found by observation to amount to

about 8", by which the moon is sometimes before her mean place, and
ometimes behind it. If the earth's flattening at each pole were more
ot'leas than jjgth of the semi-diameter, the effects on the moon,
both in altering the position of the fundamental plane, and in pro-
ducing this inequality in the longitude, would be greater or less than
the quantities that we have mentioned ; and thus we are led to the
very remarkable conclusion, that by observing the moon we can discover
the araoimt of the earth's oblateness, supposing the theory to be true.
This has been done ; and the agreement of the result thus obtained,
with that obtained from direct measures of the earth, is one of the
most striking proofs of the correctness of the Theory of Universal
Gravitation.

GRAVITY, CENTRE OF, is that point at which all the weight of a
mass might be collected without disturbing the equilibrium of any
system of which the mass forms a part. Thus, if a lever were balanced
by means of two solid spheres of uniform density hung at the ends,

the equilibrium would still remain if all the matter of either of the

spheres could be concentrated at its centre. The centre of the sphere
is then its centre of gravity.

When a body is suspended by a string, and allowed to find its

position of rest, the centre of gravity is in the line of continuation of

the string. If then a body be suspended successively at two different

points, and if the lines in which the strings produced would cut
through the body can be conveniently determined, the centre of

gravity is the point of intersection of the two lines. This process is

very easy in the case of a thin flat surface, and the approximation is

quite sufficient for practical purposes.
When a surface (or a thin plate) is of uniform density, the centres

of gravity and of figure [Centre] are the same. It is needless to s.ay

where this falls in the case of a circle, of a square or other parallelogram,

or of a regular oval figure. In a triangle it is found by joining the
vertex and middle of the base, and cutting the intercepted line into

three equal parts, the nearest trisecting jwiut to the base giving the
centre of gravity. In a prism and cylinder it is the middle point of

the line joining the centres of gravity of the two bases. In a cone or

pyramid it is found by joining the vertex and the centre of gravity of

the base, and cutting the joining line into four equal parts, the nearest

of which to the base ends in the centre of gravity. In a semicircle the

distance of the centre of gi'avity from the centre is about fourteen

thirty-thirds of the radius ; in a hemisphere this same distance is five-

eighths of the radius.

The centre of gravity of two bodies is found by joining their centres

of gravity, and dividing the joining line so that the content of the first

may be to that of the second as the segment adjoining the second is to

that adjoining the first. By the same rule, and by the centre of two
bodies thus found and that of a third, the centre of three bodies may
be found, taking care to use with each centre the sum of all the

contents of the bodies employed in finding it.

GRAVITY, SPECIFIC. [Specific Gravity.]
GREAT CIRCLE or TANGENT SAILING. Although the subject

will be found properly introduced under the general head Navigation,

the peculiar nature of Great Circle Sailing, and its growing importance
to underwriters, shipo^vners, and therefore to the whole mercantile
interests of Great Britain, demand a special notice in this place.

The opening of an expanding and lucrative trafiic with the far east

of the globe, has called more imperatively for improvements in science

and art, which the merchants of old, in their occasionally distant

voyages, the less needed. To them indeed one item of daily expense
was unknown ;—the consumption of coal had not advanced the costs

of a voyage to an enormous outlay, nor had the wear and tear of

machinery entailed on shipowners disbursements which at this day
form so prominent a feature in their aggregate yearly expenditure.

It was to meet this and to render facilities for shortening a voyage
already diminished in duration by the use of steam, that attention was
attracted to the long neglected practice of great circle sailing.

To explain the principles of this sailing it is only necessary to take
an ordinary terrestrial globe, and notice that while some circles usually

drawn thereon and called meridians are of equal size, because if the
globe were cut in two in the plane of any one of these meridians, the
section would pass through the globe's centre, other circles called

parallels (as of latitude, declination, altitude, &c.) differ in magnitude.
The term great circle only applies to the former : a sphere therefore

being cut through on a great circle would be divided into two equ.il

parts. The equator is of this description. If we take a thread and
stretch along the equator, say reaching along 80 or 90 degrees of

longitude, on tightening the thread it would still lie exactly along the

line : such would also be the case on the meridians ; but if this bo
attempted on any of the jmrallel circles, the thread on being tightened

would slip off the jiarallel in a direction towards the nearest pole, thus
forming an illustration of a great circle track ; and the farther from
the equator this is tried, the more striking would be the difference

between the parallel and the track, which thus measures the ncarcat

distance between the endi of the thread, and this will be the case

wherever a thread is thus applied obliquely on a sphere.

A general belief prevails among merely practical men that this kind
of sailing is one of recent development—that its employment has

been in consequence of modem discovery ; but such is far from the

truth. Those who have studied the practice of navigation as given in

old authors will be aware that for nearly 150 years before the dawn of

this century a knowledge of great circle sailing was not only considered

to be a necessary element in the acquirements of a navigator, but a

knowledge of its very principles precisely as laid down in the most
modem works (so far as regards construction and calculation) was
thought an essential part of the educational course of every sea-going

merchant captain, and its rules and demonstrations are to be found
plainly set forth in such works as Atkinson's, Norwood's, Newhouse's,

Oallibrand's, and others of the period of about 1680 to 1720.

Spherical trigonometry was naturally considered indispensable to

every one employed in conducting treasure over the surface of a

fphcrc, while a knowledge of plane trigonometry was deemed an equally
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Bfoiinr prapintinD for thoM whoM vojragM war* ao iliort oi to

adiait of tho cidea of t, triangle oat the globe b^ag for ardiour piirpaee*

eooadetn] m etraiglit linee: bat the trwhliy of tpttuim to the
ntT^Ktor iUliiig into diaun (by lomo eztmordinaty miMaaeeptioDs),
net circle niUng gndiukUy becuna neglected, until for many yean
n waa omittad in the atandaid mwka on navigation altogether. ETen
the attempt of Dr. Kelly, the mathematioal examiner at tb* Trinity
Uouae nearly fio yean since, to renew the study of spherie pro-
jectioii, remlted in fulure. Thus, while the lea offioen of other
nationa ar* wall |x«pared in that which forma not only the b<uiii<

of gnat drole aaiiing, but of nautical astronomy, tho energetio and
intoUigant marinen ol En^and, althouf^ progreaiing in all elae, were
tboMad for » time to wade in the punuit of principlea through
watai which aa regards theory are somewhat too elaborate, and with
raqwct to the rules of spheric construction are quite inadequate, for

tha mare navigator.

Sueh waa preeminently the state of things when the late skilful

and lamented Uentenant Heniy Raper, R.N., produced his ' Practice
of Narigatiaa,' which forms the present text book of the Royal Naval
service, and of the higher classes of merchant navigators. But even
in this admirable work the doctrine of spheric oonetnictioii has been
omitted aa evidently forming no stipposed essential in a se.-^ officer's

training.

The name of Raper must however be conspicuous as the regenerator
of great circle sailing. In his work he gives excellent formulie, but the
use of logarithms aritiwj fnm, ruUt not untUrttood by the iminitiated
entails an effort of memory which is injuriously allowod to supplant
the satisfaction which a conscious knowledge of principles would so
unceaaingly furnish. Notwithstanding this, Raixr's solution of the
"wearisome problem" of the great circle is eminently concise and
practical, and for those who ore content with spheric calculation,
nothing more can be desired.

Soon after Itaper's work appeared, Mr. J. T. Towson, examber in
navigation at Liverpool, devised a set of tables, by means of which,
and an ingeniously contrived diagram called a " linear index," together
with the aid of dividers and scales, he so greatly simplified the matter
as naturally to affect the commerce of the country, inasmuch aa voyage.s

which formerly occupied nearly 160 days were principally by means of
great oirele sailing, and, together wiUi improvements in Bhip-buiUling
[Cutosb], performed in about 70 to 80 days. Hence the subject has
become one of large pectmiary moment ; and it must here in justice to
Mr. Towson be stated, that he generously presented to the Admiralty
for public use the tables which had been constructed by him through
yean of very great labour. He has subsequently been enabled to
further facilitate the question by adding to his tables, in 1854, a column
containing the means of ascertaining at once the distance between a
ship and her destined port.

Various attempts have been lately made to supersede these tables :

one of these deserves particular mention, not only from the elegance of
the means employed, but from its leaving so little to be desired,
although that little was important. It occurred to the Rev. Hugh
Qudfny, M.A., and to a merchant captain, Mr. Bergen, at about the
same period, that a chart constructed on the gnomonic projection
rOnoMOiao Projection] would at once show the great circle track by
laying any straight edge along the two given places : this certainly
ahows.the track with great accuracy ; but here again the aid of a second
diagram, formed, too, by curves which convey at sight no elucidation of
principles, was required in finding the " coune and distance."

Popular erron exist on this question which are worthy of si>ecial

notice. Navigatore are accustomed to use charts constrQcted on
Mercator's projection, wherein all bearings are taken as straight linee,
and these straight lines cross all the meridians at the same angle, and
therefore offer a convenient mode of sailing and a ready means of flnd-
htg a course and distance ; but from reasons already given, as explained
in applying a thread to a globe, the same error in actual distance must
exist on Mercator's charts, where the parallels are represented as straight
lines, as are found on the surface of tie globe itself; for a parallel of
latitude in neither case exhibits the nearest track between two places
lying on it : therefore, if we wish to show on a Mercator's chart the
neareat distance between such two places, it can only be represented by
a enrve, and as a mathematical line is that which is the neiu-cet distance
between two pointa, those who forget that the straight lines on the
Mercator's chart are, to answer a spedflo purpose, themselves actually
disbrrtinns, are liable to doubt the soundness of the principle of great
circle tracks.

Ami, again, a multitude of navigators at this day deny the possibility
of aaiiing on a great circle curve, because, say they, such would require
a continual change of course. Aa well may it be said that, becaxise of
the diinciiltiea attending the quadrature of the circle, the use of the
circle in onlinary matbcnutical computations is fallacious. This
widely existing misapprehension would at once be demolished were
this method of navigation called " tangent sailing

; " such it really is

;

and the change of name was first proposed to the astronomer-royal in
1867 by Mr. Saxby : for it is the pecnlar property of great circle sailing

that, in contradistinction to Mercator's, no two meridians are crossed
at the same angle. All that need be done, therefore, by a navigator is,

to sail at near to kit ffrcat cirde track at eonrenienl, and each lejMralt
aoone will be a tangent to hit track ; and the i^orter thoae tangent

oouraas eaa be made tha mora will the doratioa of a vemg* ba dimi-
niahad. But where a mathod is naed, tha prineiples of whidi are Uttta
understood (for the terms hit. of vertex, long, of vertex, fto., soggeat a
difflool^ to the untrained student), a diip standing too long on one
oonrae is liable to be found hundreds of miles northward or southward
of har desired position ; and this will be found generally to arise from
the oapt^fai's using too frequently during the paaHge the same latitude
of vertex with which he started, and en wUet A« Mletdated hit emrtet
for tMt voyag* bt/ort Itavinfi SngUmd. The following figure will illus-

trate this. It is the memorable and unexaggerated tnck of a celebrated
clipper across the Atlantic to EngUnd in the autumn of 1860, one of
the then shortest paaaage* on record.

''my.

In the above it will be seen that on the ship's befaig foimd at c (at
some distance from the dotted great oirele a » between the two places),
she was, to save calculation, hatded up for the great circle track, instead
of being navigated on a newly-found track, and with, of course, a newly-
found " latitude of vertex " in the tables used ; while, on arriving at «,
whither a heavy swell and S.E. wind bad driven her, the captain aban-
dcmed his former track, and, prudently forming another, as at 8 F,

completed his brilli.-int jKuisage upon it with credit.

From this it appears that facilities were wanted whereby to further
simplify the finding of a great circle course and distance ; and as the
astronomer-royal, the Trinity B<iard, and the Local Marine Board of
London, and the highest authorities, approve of the use of the
" spherograph " as the readiest and most intelligible means of navi-
gating on a great circle, a case in illustration of its applicability is

given below.

If we take two hemispheres on the stereographic projection, each
having the usual meridians and parallels drawn thereon, and attach
them so that they revolve concentrically, the upper one being made of
some transparent material, we have the powerful patented instru-

ment called the " spherograph." Its use m spheric navigation is aa
follows : suppose a ship to be in Utitude 60 N., and bound to a
port which is in lat. 10 N. and 60° difference of longitude westerly.
The fitiure 2 will show the problem as set by the spherograph, in which
the dotted lines are supposed to be teen Ikroinjh the upjier «phere.
The only manipulation required was the moving the under )>ole p to
the ship's latitude, E q being the otiuator. Then p n would evidently
be the difference of latitude, and D x the difference of longitude, while
p X would give at once the great circlet rack, and the angle x p B would
show at once the course to be sailed; and counting the dotted panllels
of the under sphere which cross p x, we evidently read off the number
of degrees in the distance between p and x, which multiplied by 60
gives the nearest distance in geographical miles. Hence the course
X p D (measvired at 90° from the angular point p), or at c B, would be
about 724° (or S. 724° W., because the diff. of lat. and diff. of long, are
southerly and westerly by question), and the distance X p = about 684*
X 60=3810 miles.

Fig. a.

Stippose, in addition, the ship, when next able to ascertain her position

was found to be in latitude 40° (instead of 60°), and having only 30° of

longitude to make. We should now, as in fig. 8, set the under pole to

10° north latitude and (omitting all unnecessary lines for the sake of
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cleamees) the line D x would represent the difference of longitude, 30°

and px the distance, while the spheric angle XPD would be the

Fig. 3.

z

required course ; and being measured on c B, would give 50*, or (S. 60°

W.), and the distance p x would be found as in fiy. 2.

Suppose, further, the next ascertained position of the ship to be in

lat. 80 N., and the diffi of long. 30° (as before). The under pole p being

i>n

ZDOTed to 30° N., would show the problem as in fg. 4, which would be
Bolred as in the above, giving the couree about 60* or S. 80* W.

The mathematician will have noticed that the useful problem of
great circle sailing is solved in the spherograph by means of a triangle,

differing from that generally used in ita solution by calculation, an
example of which it is essential to give. For while by the latter we
use the two zenith distances with the difference of longitude, in the
instrument we simply take the latitude in, and the latitude bound to,

and the difference of longitude. Instead of using triangle X z p as in
calculation, we use the rational triangle X p D.

Fig. 5 represents the problem given in ^. 2, as adapted to the
following computation :

—

Let z p be the co. lat. 40°, and z X be the co. lat. 80°, and the angle
p z X be the diff. of longitude 60°. To fiud the distance p x, and x P z,

the complement of the first great circle course.

«p = 40°

z X = 80

120 sum

60 J sum .

As sine i sum 2 sides

To sine J diff. .

Cot. i contained angle

40°

80

40

20

60°

20

30

60°

10

30

Angle p z X =

diff.

Jdiff.

ar. CO. 0-062469

„ 9-534052

„ 10-238561

= 60°

SO \ contained angle.

Ai cos } anm 2 sides .

To cos 1 diff. .

Cot. f^ contained angla

9-833082=

nr. CO. 0-301030

„ 9-972986

„ 10-238561

tang, i diff. of the otlier two
angles, or 84° 22'.

i^snm 72° 55'

i diff. 34 22

10-il2i77=tang. ( sum of tlie other two
angles, or 72° 55'

Bum 107 17 =co. course x.rz, and 180°—107' 17'=tlie course a r x, or
72' 43'.

Diff. 38 33

.". To find the distance P x

—

As sine x r z

To sine s x
So sine r z x

107° 17' ar. CO. 0-020065
80 „ 0-993551
60 „ 9-9375SI

9-951147 =Bino 63° 20'

60

3800 the distance in geo-
graphical miles.

The instnunent, however, has thin advantage over all other methods,
namely, it takes the simple data alone as they occur in practice, with-
out there being necessity for th'} terms hitherto foimd convenient,
such as lat. of vertex, long, from vertex, &.C., or indeed even the co.

latitudes, co. courses, &c., and the tyro is thus only using terms in the
spherograph which he Uioroughly comprehends.

We have now shown that it is really easier to navigate on the great
circle than by any other method. The applying of parallels to a com-
mon chart in order to obtain what is actually an crrmieotu course,
occupies more time than using the spherograph to find the course
which leads directly to the place bound to.

If anything could be more simple, it is to be found in the tables

which accompany the instrument, and which are derived from spheric
calculation, and have no connection with the diagrams, except that
they verify the accuracy of instrumental projection. We give an
example as worked in these tables. Taking the question in the above
firj. 4, namely, lat. of the ship, or " ImI. in" 30°, diff. of long. 30°, diff. of

hi. 20°, we will suppose a block of figures (omitting such as are uime-
cessary for our illustration) to be as under :—

Ship's Diff. of Diff. of longitude,

lat. in lat. 6° 10' 15° 20° J5° 80° 35° 40° 45° 50° 55° 60°, &c.
30° S°

10

15

20 60
3S
30
&0.

The intersection of the vertical and horizontal lines at " 60," having
reference to the data, shews the great circle course to be S. 60° W., as

measured at B (fig. 4).

The not easy consideration"of composite sailing [Saildjos], is hence-

forth entirely superseded by the following general rule in determining
the course of a voyage, .ind its importance to maritime commerce
cannot be over-rated. A navigator with ,the chart before bim, and
possessing a spherograph, will in future reason thus with himself

;

" Being anxious to make the shortest possible voyage, I must not let

great circle sailing take me into difficulties as to d^gers, baffling winds,

ice, &c. ; no, I shall for vei; many reasons like to place my sUp there

and there, on my route " (at the same time marking dots on his chart
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to indioato nieh plaoM). W« DMd only ima^lilM r in ^7. 3, to be one

of thoae doU, ukI x another,—klwajra nippoung one of the pUoea to

lie oD the primitiTe circle, which in all caaaa lepraaenta the ahip's

meridian—uxl the extreme aimplimty of thia new method by iphero-

gnph, to the total exoluiion of what hai been called "oompoaite"

Bailing, will be at one* apparent.

HiUierto whaterar obatadea may hare prevented the general renewal

of the practice of neat circle, or tangent, navigation, a knowledge of

odi obatniotiMia baa been confined almoat to navigaton alone ; but

bcDoefbrward (and our ao thorough investigation of thia important

aubjeet as a national queation bearing with weight upon extenidve

iultiwU, baa been with thia object) it will remain with shipowners

and undei wiitia to aee that their treasure ia conveyed from place to

place in the akartof potiible liwu ; for to take n melaucfaolv example, it

must not be forgotten that had the unfortunate " Royal Charter " been

aUe, by any extra &eilitaea poMesed by her late accompliahed Captain,

to reach Point Lynas even twelve koun earlier, the awful catastrophe

which deaolated ao many homes, and wrung so many hearts, would
most probably have been averted.

GREAVES. [Armoor.]
GRECIAN ARCHITECTURE. The most ancient constructional

remains in Greece are the rude pre-historic masses of masonry known
as CSrclopecan, from their being attributed by early tradition to the

fabulous Cyclopes. They consist chiefly of walls formed of huge shit-
less blocks of ;.stone, having the interstices filled up with smaller but

equally rude blocks. Of a leas imcertain but still remote period are

the Pelaagio remains, which, though remarkable rather as constructive

worlcB than as worics of art, are yet for many reasons not devoid of

intciest in the history of architecture. They belong however to a

noa-HeDanic people, and have little a£Snity with the true Grecian

architeeture ; and therefore will be noticed under a separate head.

[PEI.A80IC Abchitectube.]
Without here entering upon an examination of the liistoiy of

OreciBn architecture, we may briefly observe that it is now generally

admitted that, although in its ultimate development it is beyond dis-

nle the creation of U>o Hellenic mind, the germs of it were derived

m the architecture of older nations : its grander elements and more
solid proportions from Egypt; its lighter characteristics and more
ornate features from Asia. The great distinction of Grecian archi-

tecture lies in its orders : these are the Doric, Ionic, and Corinthian.

Of these the Doric is the oldest, and it is noteworthy not only that in

the oldest known example, a temple at Corinth of the 7th century, B.C.,

are the proportions far more massive and the whole more pervaded by
Egyptian feeling than in later temples, but that there still exists a

tomb at Beni Hassan in Kubia, supposed to be of the age of Ramesea II.,

at the entrance of which are two fluted columns clearly the prototypes

of the Grecian Doric ; while, as Sir G. Wilkinson has shown (' Ancient

Egyptians,' voL ii. p. 125, and Plate vii.), the characteristic Doric fret

bonur was also a common Egyptian ornament. The more graceful

Ionic order, on the other hand, may clearly be traced to Asia. As
Mr. FergusBon has puuited out, there occur in the ruins of Persepolis

several columns which have the Ionic volutes, but placed vertically

instead of horizontally. On shkbs found in Khorsabad by M. Botta,

however, and in others brought from the same locality, and now in

the British Museimi, are sculptured representations of buildings with

columns crowned with volutes precisely as in the Greek Ionic The
Ionic guilloche ornament is also found both at Persepolis and Khorsa-

bad. The latest of the three Greek orders, the Corinthian, is equally

a derived one with the others. As was shown in the article Column,
the bell of the Corinthian capital of the temple of Apollo at Bassic,

near Phigaleia, closely resembles the Egyptian capitals placed along-

side it ; and in one of the two remaining Corinthian buildings in Greece,

the Tower of the Winds, at Athens, there are no volutes to the capitals,

and the leaves of water-lilies adhere, as in Egyptian examples, close to

the bell.

But if the architecture of the Greeks, like that of every other people,

was derived rather tli.in invented, all that gave to it its life and jMjwer

is its own. The exquisite feeling for beauty of proportion, majestic

simplicity of form, truth and purity of expression, and perfect ailai>ta-

tion to its purpose, all thoae higher constructive and sesthetic qualities,

in short, which place it so far above the architecture of all other

countries, only Greece can lay claim to.

The religious edifices of a people are nearly always the surest indica-

tion of the state of their architectural tastes and ninlity. Fortuiiat«ly

perhaps thetemples arealmcst the only.buildings of ancient Greece whica
have come down to the present day in a sufficiently uninjured condition

to permit of our forming a &ir estimate of them. The oldest loft is

believed to have been built about the middle of the 7th century, B. a

;

one or two others are of the 6th century, but the finer examples
belong to the 6th and 4th centuries, B.C. The classes, forms, and
architectural character of the temples will be described under that

title. [Temflk.] The public builoings devoted to secular purposes of

wfakli any remains exist conaiat chiefly of theatres, agora, thermic, Ac.,

and these too are noticed elsewhere. [Theatrk ; Forum ; Batr, ftc.j

Of the paUtial residences and private houses, only imperfect written

descriptions are left. One or two small monuments however, as tlic

Chongic Monument of Lysicratos, and the TowM' of the Winds

—

both comparatively late works and both Corinthian in style—remain as

proofs of the exquiaiia tast« and akill which the Gredcs oould exert on
their leas important secular structursa.

Qraek architecture difiers from all subsequent styles in being non-
arcuated. Whether the Qreeka were acquainted with the arch or not,

they did not employ it in their pubUo buildings. The ereat construc-

tive feature is the beam. Greek architecture caoaequantiy is essentially

AoriMafoi in principle : its primary linea are horiaontal, its secondary
vertical. Hence stability, solidity, are its oonstant characteristics.

Yet though rectilinear in appearance it is not strictly so in fact. So
sensitive was the Greek eye to the alightest deviation from perfect
beauty of expresnon, that the architects resorted to a singularly

refined contrivance to overcome an optical illusion so small tnat no
other people prohably woiJd ever have noticed it. Ri^t lines when
protracted far ahovv or on either side of the spectator no longtr seem
perfectly straight, but are slightly bent in accordance with the laws of

perniective. Contrasting ri^t Imes, and even contrasts of light and
shade in like manner cause an appearance of d^ection. To remedy
these and other corresponding effects, it haa been recently found that

not only did the Greeks, as has long been known, give their columns a
slight enUme, or swell near the middle, but they made the boundary
line a delicate parabolic curve ; and instead of placing the axes of the
columns as was always supposed quite vertical, they inclined them in

a small measure inwards. They lUso gave to the pavements on which
the columns rested, and the steps of their temples, a minutely convex
character, the rise in the centre being about three inches in a hundred
feet. Further, the horizontal lines of the entablature were cun'ed in a
precisely correspondent manner, and other minor adjustments made.
But all these minute curves were executed with such exquisite

knowledge and skill, that the effect was simply that of rendering the

spectator unconscious of any deviation from a mathematical right line

;

and it is only by the most careful observation that the contrivance is

even now detected. The discovery of these curves was made by Mr.
J. Pennethome, in 1837, and soon afterwards (we believe independently)

by ^Messrs. Hofer and Schaubert ; but their existence was placed

beyond doubt, and the principles upon which they were carried out

clearly evolved by Mr. Penrose, who spent a considerable time in

Greece investigating the subject and making careful and repeated

admeasurements : the results of his researches wore embodied in his
' Principles of Athenian Architecture,' published by the Dilettanti

Society in 1851. These refined optical corrections seem to have been

always most perfectly developed in temples of the Doric order, but
they are found more or less in most others.

It is in Doric temples too that another great artistic feature was
most efiectively developed, namely that of the introduction of sculp-

tural ornamentation. In all Greek temples sculptured umament was
freely introduced, but in the nobler Doric temples it appears in its

greatest perfection. In the cella were introduced friezes in low relief

;

in the metopes alti-relievi, and in the tympanum of the pediment
statues entirely detached. And that these were, at least in some
instances, the masterworks of the sculptor's art we h.ave evidence in

those mar\'ellous reliques which once atlorned the Parthenon, and ore

now the glory of the British Museum [Kloim Mabbles], while that

their adjustment to their respective places was the result of a perfect

knowledge of sculpturesque effect may be seen by a reference to the

article aLto-Believo.
The polychromatic decoration of the temples will be spoken of

elsewhere. [PoLVCHBOMT.]
The three Greek orders characterise three periods in Grecian

architecture much as the three styles of Pointed Gothic characterise

three important phases in English architecture. Doric, the oldest,

corresponding in seniority and character to our First Pointed, the

true English Doric, is marked by a sober grandeur .ind simple dignity,

yet withal is preeminently beautiful "The Ionic, which follows m
order of time, more graceful, easy, and flowing in style, corresponds

not inaptly to our Second Pointed or Decorated. W'hile the luxuriant

Corinthiiin, the product of the later years of Greek art, and the herald

of it« decline, finds its parallel in our florid Third Pointed or Perpen-

dicular. [GoTiiio Ahciiitecti;be.J But in one respect there was a

broad difference. I'he Gothic of either class was the exclusive style of

its epoch. The Decorated did not tolerate the Early English, nor the

PcqKindicular the Decorated. The Greek Torders, though they were

the product of different ages continued to flourish contentedly together.

Ionic did not suppress Doric nor Corinthian Ionic, but the elder and

the younger simultaneously filled the places for which each seemed

most fitted.

Before noticing somewhat more in detail the orders of Grecian

architecture, it is necessary to explain that what is termed an Order

consists of two principal divisions, the Column &nA ihe Entablature— i. c,

the upright support and the horizontal mass supported by it The
Column IS again divided into Jioie, Shufl, :md Cajntal (except in tho

Doric order, where the shaft rests immediately ujwn the flooring.) The

Entablature is also divided into three j)arts—the Archilratv, or

EpistyUura, Frieze, and Cornice. These together constitute tho Order

;

which is further distinguished as belonging either to the Doric, the Ionic,

or the Corinthian style, according to certain general proi>ortions and

characteristic embellishmeats. The scale for the propirtions—that is,

not the actual but the reUtive dimensions of the different parts com-

pared with each other—is token from the lower diameter of the shaft
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of the column, which is divided into two modules or sixty minutes.

Modem systematiaers, who have laid great stress upon proportion.?,

have, contrary to the practice of the Greeks themselves, attempted to

fix certain invariable proportions for each order ; and some have

maintained that by them, quite as much as by peculiarities of detail

and embellishment, the character of an order is determined. In regard

to proportions, however, even greater discrepancy is found between
different examples of the same order, than between two distinct orders.

We must therefore attend to certain indicial features and marks by
which the particular order may be immediately recognised ; thus the

absence of base or mouldings at the bottom of the column, the plain

capital composed of merely an echinus and abacus, and a triglyphed

frieze, enable us to pronounce at once that the order is the Doric. In

like manner the voluted capital, or the foliaged one, as distinctly

denotes that it is either Ionic or Corinthian. In regard to the two
last-mentioned, the principal distinction between them is confined to

the capital ; there being no other determinate difference between the

columns or the entablatures of the one or the other. Were we to

see only the shaft of the column, we should be able to decide from

that alone whether it were Doric or not ; the flutings peculiar to that
order being broad and shallow, and forming sharp ridges or arrises on
the circximference of the shafts ; whereas in the other two they are
narrower and deeper, rounded at their extremities, and divided from
each other by fillets or spaces left between the channels on the surface

of the shaft. In like manner were we to see the fr.ogment of an
architrave, we could pronounce -n-ith tolerable certainty whether it

was Doric or not; although in the latter case not quite so clearly

whether it was Ionic or Corinthian. The Doric architrave consists of

a single plain face surmounted by a broad fillet, here termed the
tsenia, to which another fiUet with small cylindrical guttso or drops is

attached beneath each triglyph ; but the architraves of the other two
orders are divided into (generally) three faces or faciae, slightly pro-

jecting one above the other, and crowned by curved mouldings,
sometimes plain, but more frequently enriched. By attending to these

few simple and obvious distinctions, no one can feel any difficulty iu

ascertaining the particular order to which a building belongs. Illus-

trations are given of the details of the entablatures of the several

orders under COLCIIN.

Peristyle of the Parthenon.

Doric Order.—In attentively examining the Grecian Doric, we can
hardly fail to note what admirable taste and study of effect it exhibits

throughout, and how every part is made to conduce to the character of

the whole. The columns are of short proportions, the entablature
deep ; the former have no bases, which, owing to the narrowness of

the jnter-columns, would have proved highly inconvenient, and
instead of producing an air of finish would rather have occasioned
heaviness. The proportions themselves are such as to reject any
addition of that kind at the lower extremity of the column, because
the difference between the upper and lower diameter—which, owing to
the shortness of the shaft, occasions so visible an inclination as to

produce the effect of tapering upwards—causes it also to appear to

spread out below in such manner that the lower extremity becomes a
sufficiently wide basis. This inclination is further rendered more
app-vrent than it would be by the outline alone of the column, owing
to the lines being repeated in the fluting. The fluting, while it

diminishes the heaviness, produces great variety of light and shade in

every direction ; and the mode of fluting peculiar to this order is

admirably in unison with the expression of all the rest, the channels
being wide and shallow, and separated from each other by mere ridges
on the gnrtace ; both which circumstances contribute to that breadth
and simplicity which pervade the other parts. No less appropriate
and well imagined is the capital, which consists of little more than an
echinus and deep square alncus above it ; the former expanding itself

out from the neck, or upper part of the column, until its dLiraeter

becomes equal to that of the foot of the column : in reality, it is

something greater, but not more so than is refiuisite to counteract the
apparent (Uminution caused by the greater distance from the eye.

Thus harmony is kept up between both extremities of the column,
verti<.ility is restored, the projection above (as in the case of the
sloping wall and cove<l cornice of Egyptian structures) is made to
restore {wrpendicularity by adding just as much as had been taken
away by the diminution of the shaft upwards, and a play, variety, and
contrast are produced, unattainable by any other mode,

Tlie architrave is pkin and deep, well proportioned both as to the
weight which it has to bear and to the column below, its average
height being equal to the upper duimeter or narrowest part of the
column. The width of its lo^t, or under side, is about a medium
between the two extreme diameters, so that it overhangs the upper
ARTS kSn SCI. DIV. VOL. IV.

part of the shaft ; yet it is not so broad as the abacus of the capikvl,

which by opposing a greater surface to it appears better calculated to

The Parthenon.

support its pressure. The frieze is generally of the same dimensions

as the architrave, very rarely deeper, in some example.-) not so deep.

The trigbjpht which decorate it, and are peculiar to the order itself,

are upright, slightly projecting tablets (in width rather more than h.ilf

the lower diameter), cliannelled with two grooves or glyphs (yXutpai),

and with a half groove chamfering off each of its outer etlges. The

spaces between these ornaments, which were originally intended to

represent the extremities of the beams (whether stone or timber)

resting upon the architrave and forming the inner roof or ceiling are

M M
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quart, or newly lo, aacl am diatinguiihed by the name of melopt*

Oirmai) : 1. 1. opening! or iatarrala. They are in bot to many nuall

paaeb, and wet* gmaaUy filled with •culiiture in bee-relief, although

tlMn ia hardly aa »t««t«i«t« of the kind in any of the numeroua
iDodem imHattwia d tha Oraek Dorio. BeoeeUi each tri^vph la a

aoiea of annU atUm, or erlindrioal dropa, attached to a fillet, just

nndar tha itwiVMug of the arohitraTe, to whieb diriaion of the

antablatore th«y may be mid to belong, although evidently a con-

tinuation of the omamaita on the friaae. Some suppoaa them to have
bean intended to repraaent naili, othera dropa of water running down
the nhannela of the tiiglypha and aettling beneath them; be that

ai it may, they certainly contribute in no small degree to architeotonic

exiawidll and affeot, imuouuch on Uiuy break the munutouy of line,

and by axtanding some onuunuut to the arohitraTe bring it into

harmony with tha Meaa. Tha ipaoe between one triglyph and another
being regulated by tha hdght of the frieae, ainae eMh interval or

metope forma a aquara, this ciroumstanoe alao regulatea the inltrctlum
MiMM, or diataaoea at which the oolumna are plaoed; becauaa aa

there must be a triglyph over every column, thare cannot be USore

than one trigl\-]>b over each intercolunin, unices the latter be increased
to the extent of another trigly])h and metope ; that is, made half as

wide again. Consequently tbi-re are hardly any iustanoea of more
than wumotriglfpAie interoolumniation (that is, with more than a single

triglyph over each interooluion) in Qracian buildings, except when the
centre intercolumn ia made wider than the others, aa in the Propyhea
at Athens, where a ditriglyphio arrangement is employed.

Like every other part of the order, the Dorio eorotce is composad of
few and bold parte ; it consists of little more than a oorona (the pro-
jecting and principal member in every cornice), finished above by one
or two simple mouldings, and having attached to ita soffit a aenaa of
hallow plates or tableta, studded with guttn. These are termed
nuttUa, and ore the peculiar distinctive marks of the Doric cornice, in
like manner as dentils are uf the Ionic, and modillions of the Coriu-
tlmii. They may be considered as being to the oomice what the
triglypha are to the friece, and there is one corresponding to each
metope aa well aa each triglyi>h ; which produeaa a beautiful gradation
of parts, for as there is an additional triglyph between every column,
o IS there an additional mutule between every triglyph; whereas,
were there no more triglyphit than columns, and no more mutides than
triglyphs, the effect would be both monotonous and poor, and thaaa
different features would be confined to disUnot lineB from top to
bottom. The average height of the entablature ia about two diameters,
or one-fourth of the whole order, taking the height of the column at
six diameters.

The sloping or rating eornict* of the pediment reaemble the hori-
zontal one, except that there the mutulaa are omitted. In order,
however, to give increased depth and importance to the pediment, as
the finish of the whole structure, its cornices have an additional
member, termed by some the epitithedat, consisting of an ovolo, or
convex motdding, or a cymatium ; sometimea deeper, sometimes
shallower. This epitithedat was continued a little way at the angles,
where it usually terminated against a block, carved with a lion's head,
or some other ornament. The face of the pediment itself, termed the
ttfrnpannm (called by the Greeks 4«T(ij, ieVto/ui), was almost always
fill«l with sculpture. The pediment was invariably of a low pitch,
but not always of the same pitch ; on the contrary, whatever the span
might be, its height continued nearly the same, it being more or less

acute, in proportion aa the portico was narrow or broad : its average

rnmi Etovation of the TempU of .Sflaa, as reitorsd.

M^ waa equal to that of the enUbUtnre, and either a UtUe
diminished or inorea«id aoconiing to circumstaaoaa, but hardly ever
ao inaoh aa to render the tym|ianum deeper than the entablature.
The aooaaipaDying cut abowing the portico of tha Dorio temple of
Athene at iEgina as restored, will illustrate many of the leading cha-
ractariatjca of tha Dorio style aa here pointed out.

A U*t of the principal Doric tamplaa ia given under Coluxh ; mi
oonveniant iiractical axamplaa of this order, where the reader may
study) ita character, and ksaro to dlatingriish, in actual buildings, tha
vwioua members and particulan hare pointed odt, not, be it re-

memberad, aa faithful illuatrationa of tlie>(thetic principles of Qredaa
Dorio—we refer to the porlioo aotnnoa to the North-Weatem Bailww
Terminus, Euaton Square, and the Com-llarket, Mark Lane, in whim
latter tha frieae ia daconrtad with wreaths init<iad of triglypha—aa in
the monument of Thrasyllua at Athena—and oonaaquently the apacea
between them cannot be called met<mea.

In the /oiuo Ordtr the column dinara widely from that of the Dorio,
not only ia the form of its capital, and in having a baae, but in tha
contour of its shaft and the mode oif fluting, it being more alonder and
not tapering so suddenly. The base is gennally that termed the Attio-
baae, compoiwd of two tori, or convex rings, with a concave moulding,
the aootia, between them ; for aa the Doric character demands plana
urfaoee and lines, so does the Ionic require curved mouldings and
contoura, aa harmonising with the curved forma of the volutea of the
oapitala. To prevent the haiahnaai which would reault, if the mouhl'
ings forming the baae jutted out abrui>tly from the lower end of the
Bh.ift, the latter ii made to spread itsell out immediately above the
base in a sweeping curve, termed tha apophyge. The number of
the flutings of the ahaft is increaaed from twenty to twenty-four;
besides which thera are apacea left betweas them (fillets) ; for the mere
arrises or shaip adgaa, peculiar to the Dorio or earliest mode of fluting,

would be utterly at variance with tha rounded contours of the baae
and capital. Tha channels themselves being thus multiplied and set

apart from each other, are consequently much narrower tlian those of

the other order, and coiiaiiltrably deejicr in jiroportion to their

breadth ; and instead of teruiluutiug in Uattish curves, their extremi-
ties are ma«le the half of a oirde, or an allipse : all which circimistanoea
contribute to uniform delicacy of expraaafon. It should be observed,
too, that the upper torus of tne base was generally fluted horizontally,

thereby produmng uniformity of decoration between that and the
shaft, with contraat as to the mode of applying it. MTheu not so fluted,

that torus waa aometimea enriched with a i/uiUocke, a beautiful sort of
chain-like ornament sculptured on its surface : see example in the cut
of the base of an Ionic column from the Erechtheium under Column.
The capital may be described generally as consisting of two faces,

about as wide, measured across the volutes, aa the base—that is, a
diameter and a halt, or 90 minutes; which breadth is divided into
three equal parts (more or less), 30 minutes being allowed for each
volute. These volutes are composed of spiral mouldings, which make
several revolutions, and gradually become narrower as they approach
what ia termed the eye or cathetus ; in the richer capitals of this class

there are intermediate spirals, following the course of the other ; the
spaces or interspirals, forming slightly concave surfaces (see diagram
under Coiaiuk). In all the Athenian examples there is alao a Sowing
or festoon hem fonning the lower edge of the face between the volutes,
whose curve harmonises most beautifully with the outline of the
volutes themselves ; whereas, in the capital of the Asiatic Ionic, as well
as the Homan and modern Italian, the volutes are here connected by a
straight liue. Immediately beneath this part of tha capital ia a carved
convex moulding, to which succeeds the echinus or ovolo (so called
because cut into the form of eggs), and leaser mouldings. The idea of
an Ionic capital therefore seems to have been that of introducing au
oraameutal mass between the echinus and abacus of tha earlier ahaped
capitil, and rolling up its deep projecting extremities into volutes.
Besides the capital (properly so speaking, where additional richncM
was required, and also increased height for the column, without much
increasmg that of the shaft), a necking, enriched with acidpture, and
separeted from the shaft by a carved convex moulding, was introduoed«
The abacus iasquare iu {ilon, and ita aides form a cyma reversa, or ogee
moulding, either carved or plain, aceording aa the capital itself is mora
or less enriched. Itut the capital itaelf, at leaat that portion of it

occupied by the volutes, is not so deep on ita sides aa on the two faces;
the reason for which is obvious, because either thoae faoea must have
been much narrower, or if this port formed a perfectly square maaa of
a diameter and a half, it would overhang the upper porta of the shaft,
and project beyond the architrave in a most unsightly manner. Tha
baluater aidea of the volutes, as they are termed, are, for the sake of
elegance and lightness, hollowed out so aa to aasume something of tha
appearance of two tubiea or horns, whose broader extremities or moutha
come against the book of the volutes, The capit^ at the anglea of a
portico are frequently difierently arranged, since, in order to obtain a
face on the return similar to that in front, the outer volute ia turned
dia^nally, so as to serve for both faces ; a mode adopted for all the
capitala, without distinction, by many Italian architecta. The archi-

trave is divided into three nearly equal facia;, projecting very xliglitly

one over the other, and crowned by a <iyma recta moulding, cnn-e<l or

Slain, aa the rest happens to be more or leas enriched. The caryatid
gurea, which in some buildings of this order supply the place of

columns, ore noticed under CABYATlOEa,
The oomice in Athenian examples ia exceedingly simple, consisting

only of two mouldings beneath the corona, too tiii]>crmost being
within the hollowed soffit of that member; nor do dentils, which ar«
generally reckoned the distinguishing marks of the Ionic oontioe,
appear to have been used, except by the Aaiatic Oreeks, Consequently,
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iiiJess the frieze be enriched with sciJpture, so as along with the

cornice t» produce a rich ornamental maas above the architrave, not

only is the cornice apt to appear meagre, but the whole entablature to

look cold and naked, even plainer than that of the Doric order, and to

offer anything but a pleasing contrast to the elegant richness of the

capitals below it.

What has already been said in regard to the pediment wUl suffice for

this order likewise, there being no other difference than what is occa-

sioned by the cornices themselves. But having thus far explained the

two chief Greek orders or styles of columns, in regard to columns and
entablatures, we now proceed to notice what in certain situations are

employed as adequate to, or substitutes for, coliunns, namely, an ice,

or pilasters. In Italian architecture, pilasters are very frequently
employed in lieu of columns, or are plac«l against a wall to correspond
with a range of oolumns in front of it ; their bases and capitals, too,

are made to correspond with those of the columns, .is far as the
difference between a square and circular plan will allow. The Greeks,
on the contrary, never employed antro, except at an angle or the ex-

tremity of a wall ; and instead of aiming at perfect similarity, they
purposely gave to such pilasters, bases and antrecaps, dissimilar from
those fof the columns ; neither did they diminish them, but made
them of the same width above and below, which width was deter-

mined by that of the soffit of the architrave, and was therefore some-
thing less than the lower diameter of the column, but greater than the
upper one, since both in the Doric and Ionic the architrave overhangs
the upper part of the colunm. Thus they kept the anfce and columns
quite distinct in character, thereby producing variety and contrast
without injury to consistency. Sometimes the Doric acta has a
simple kind of moulding and groove at its foot, which seems requisite
to detach it from the wall, whereas the plain foot of the column
resting on the pavement or steps defines itself to the eye quite suffi-

ciently. The Doric anta-cap is very simple, and its abacus and other
moulding!" much narrower than those of the column-capital.

Although more ornate than those of the Doric, Ionic antse-caps

differ stiU more than the others do from the capitals of their respective
columns, inasmuch as they have nothing whatever answering to those
exceedingly characteristic featiu-es, the volutes ; nevertheless they are
o strongly marked by the same style as to render it impoaaible to
mistake tiiem, or attribute them to any other order. Between the bases
of the anta; and those of the columns there are very slight differences

;

the chief is that besides the upper torus being fluted like that to the
base of the column, the under one is also enriched, but by reeding
or convex mouldings. There is also an additional concave sweep
moulding placed beneath the tonu. It is further to be ofaeerred, that
anttc are never fluted, as is generally the case with Roman and Italian

pilasters whenever the columns are so, and consequently a stronger
distinction is kept up between the anta) and the colimms.

In the above sketch of this order we have merely pointed out in a
general manner the leading characteristics, without taking notice of
the very numerous varieties, since hardly any two examples are per-
fectly auke, and some are strikingly disaimilar from any other. One of
the most remarkable is that of the internal order of the Temple of
ApoUo st Bassso, near Fhigaleia, in Arcadia. The base, which is

altogether different from the Attic one, is of great diameter compare<l
with the shaft, which spreads down to it with a sudden sweep

;

hardly less pcciiliar is the style of the fluting, the channels being very
broad and diallow, and the fiUets very narrow, while the extremities of
the channel are hardljr ctirred at tdl, so that it seems but the first

remove from Doric fluting. The capital is still more extraordinary,
inasmuch as there are four voluted faces; at least there would be,
if the columns were not attached to projecting piers. In order to
effect this the faces are made concave, so that the volutes turn out
towards the angles, and .-ire placed at only half the usual distance from
each other, so as to reduce stUI more the width of each face, else, as

has already been remarked, the capital being square, it would be too
bulky for the column. In its detail this capital is so plain that it looks
very much like one of the earliest essays at a voluted capital ; nor is It

improbable that at first the design was to m.ike such cipitils perfectly
square like the Doric abacus, and to produce four uniform volute<l faces.

Under CoLtiiRt wUl be lovmd a list of the principal Grecian Ionic
temples. One of the beat modem specimens of Athenian Ionic is the
portico of St. Pancraa' church, London, by Mr. Inwood, a well-finished
copy of one of the most florid specimens of the order, that of the
Brechtheium. On the lateral porches at the eastern end he has given an
application of caryatides supporting an ontablattu-e after the small
building called the Pandrosram, attached to one angle of the Erech-
theium. Other modem examples of the Ionic order in the metropolis
are, th^ British Musevmi, the Post Office, the India House, which is

more Ariatic Ionic than Athenian ; and the portico of the College of
Burgeons, Lincoln's-inn-fields.

Corinthian Order.—Though the small gtractnie at Athens, called
the Choraoio Konoment of Lysicrates, furnishes one of the most ex-

r'sitely designed examples of the Corinthian or folioged-capital order
t have been preserved to us, it is almost a solitary extant instance

of the application of it by the Greeks ; since the capitals of the small
columns of the Tower of the Winds, have merely a single row of
acanthus leaves at bottom. It is true that some magnificent edifices

beloofting to this order, such as the Temple of Jupiter Olympius

at Athens, were erected in Greece ; but they belong to a later period,
after the order had been extensively employed by the Romans, who
must be regarded as having brought it to perfection as a distinct
style. That the order was derived in the first instance from Egypt
we have already seen ; eventually the Greeks added the Ionic volute,
and produced a composite order entirely their«own. In the Tower
of the Winds, at Athens, the height of the column is little more than
eight, in the Monument of Lysicrates it is nearly ten, diameters.
[Column.] In the former example, as we have seeu, there are no volutes,
and the upper row of leaves are those of the water lily. But the Lysi-
crates and later capitals are composed of two rows of acanthus leaves
[Acanthus], those of the upper row springing up from between the
lower ones; and from the sides of the centre-leaf spring out other
leaves, whence emerge the helices or spirals, placed diagonally to
support the extremities of the abacus, besides lesser spirals which
meet, and sometimes intertwine each other above each middle leaf.

The abacus itself, which is peculiar to thi.q order, may be described as

sfjuare in its general plan, but having its sides made somewliat con-
cave, so as to curve o>it towards the angles, yet not overhang the body
of the capital. The Corinthian entablature differs little from that of
the Ionic, except in the cornice being made richer and deeper, and the
mmiber of its members being increased, in order to harmonise with
the deeper capital of the columns. One of the features peculiar to it is

the series of modillions or small brackets supporting the corona. We
have mentioned the two Athenian examples of this order. In the
metropolis most Corinthian capitals are Roman. But an imitation of the
Temple of Lysicrates occ\u« oddly placed on the church of St. Philip,

Regent Street, to serve as a belfry ; and a careful restoration of it may
be seen in the Crystal Palace, at Sydenham.

For all that concerns the plans of Grecian temples, their peculiarities

of constniction, and the terms employed to express their varieties, as
designated from the number and position of the columns, we milst
refer the reader to the articles Temple, and Portico ; but it will be
more convenient here to explain some points in the arrangement of
colimins, and other matters which are distinctive of Greek architecture.

In regard to Inltrcolumniation, or the distances at which columns
are placed from each other, and upon which so much of their effect

depends, it has already been mentioned that in the Doric order this is

regulated by the triglyphs, and that monotriglyphic intercolumniation
may be considered as the extreme of pycnostyle (thickly set), as it will

sometimes occasion the columns to be less thau » diameter and a half
apart, the limits assigned to pycnostyle. But this of course depends
upon the proportion which the metopes and triglyphs bear to the lower
diameter of the columns. That such very close arrangement should
be employed for the most solid of the orders, would almost appear an
incongruity

;
yet it should be observed that in reality this arrangement

is not so close as it appears to be when e.'tpressed by the proportion
which the foot of the column bears to the intercolumn, because the
shafts taper so much that what would be an inter-column of less than
a diameter and a half below, would be two of the upper diameters, or
more, above. The second mode is termed syityle, or two diameters
ajart ; the third eiutyU, or two and a quarter ; the fourth diastyle, or
three diameters; and, lastly, ar<eo»lyli, or four or more diameters.
But the precise spaces thus defined do not seem to have been adhere<l
to ; and the Greeks, who appear never to have worked according
to fixed rtiles, although precise rules have been since laid down
from their works, seem to have allowed themselves any intermediate
interval from a diameter and a quarter to two diameters, which they
rarely exceeded, except when particular circumstances required it, and
when the columns themselves were so small, that had they not been
more than two diameters apart, the intercolumns would have been
inconveniently narrow. When the columns are pycnostyle or less than
two diameters apart, they produce richness not only by their increased
number in a given space, but also owing to their being forcibly relieved

by the increased depth of shadow behind them.
So far from employing pedestals to columns, which some have con-

sidered as forming as essential a part of an order as the entablature,
the Greeks placed their columns immediately on the floor, or upper-
most step ; the whole temple l)eing generally raised on a low platform,
to which the ascent was usually by three deep steps, or gradini, serving
as a \x\sc to the edifice. The depth of the steps was not accommodated
to the human stature, but regulated so .as to accord with the dimensions
of the colunm : it has, therefore, been conjectiu-ed, that either a sloping

platform of wood, or lesser stops of the same material, were employed
as the real ascent to the temple. The Greeks invariably pLoced their

columns singly, never in pairs, as has frequently been done by modern
architects, and which, if not indefensible, ought never to be resorted

to, unless required by positive necessity. Of engaged columns,—that

is, columns half or three-quarters of a circle in plan, and jjlaced

against a wall as if built into it,—there are so very few instances in

Grecian architecture, that they are to be considered merely as exceptions.

One such authority for the use of half-columns occurs in the west front

of the triple temple, or Erechtheium, at Athens [see plan under Erech-
theium]. In the Italian or Palladian school, they prevail almost to the

exclusion of insulated columns. Yet not only is much of tlie effect of

the columns themselves lost, but also th.at of light and shatle. But if

something like the authority of the Greeks themselves can be pleaded

in support of engaged columns, it cannot be adduced as countenancing



OREEK ARCUITECTTTRK. GREEK CHURCH. ns

• barbMiani to which that pimotic« and th« employnMnt of wide intcr-

loJnmnj g^Te Hm, luinrly, that of making a break in the eotaMattiro

•bore ereiy column, and thereby deitroyinK the oontinuoua horicontal

Una d that iwrt of the order, and canTing we rertical ones up into it.

Another practice, not obaerred in any extant (irerk building,* in that

of aupareolumniation, or the placing one order u|H>n another, BometimpM
even to the extent of three or more ; the diameter of the columuB
decraaaiiv, and of eoune the width of the inu-rcolumna inoreaalng as

thmr aacend. Inigo Jonea'a building calle<l the IWuiqueting House,

at Whitehall, aCorda an example of cupercolumniation, together with

one of engaged columns and broken entablatures.

Although the name iteelf would seem to show the contrary, Grecian

architecttu-e sffoniK no precedent for what is tcrmetl an Attic order,

—

that is, a series of dwarf pilvterg crowned by n cornice ; and balus-

trades, also, arc of modem invention. [Attic.J The only thing of

the kind in ancient examples, and that of exceedingly rare occurrence,

it a low and pUin unbroken podium, or parapet; that is, without

prOaaters or other projections, above the comico of a building. Far

fmm attempting to conceal the roofs of their temples, the Greeks not

only made them very oonsjncuous in the outline of the pediments, but

bestowed much decoration on them, om.imenting the ndges and tiles,

and placing a series of antfjirrr, or enriched fi\>nt tiles, above the cor-

nioe along the sides of the building. This species of embellishment

haa been adopted in the church of St Pancras, which structure also

affords coireet specimens of Grecian doors and windows. The latter,

whidi are copied from those of the Temple of Minerva Polias, forming

the western portion of the Erechtheium, are almost the sole extant

type in Grecian architecture for such apertures. They are Burrounde<l

1^ a moulded architrave, and the jambs incline towanls e,ich other, so

that the aperhu^ of the window is somewhat narrower at the top than

at bottom. This peculiarity may have arisen from the difficulty of

procuring single stiines for the lintel or upper architrave wide enough
to extend over an aperture equal to the sUl of the window ;

yet it may
also have been adopted entirely as a matter of taste, with the view of

both producing a contrast between the sloping outline of the windows,

and the vertical Unes of the walla and antx ; and an accordance with

the tapering form of the columns. What serves to countenance tliis

last idea is, that we find the same principle observed here as in the

column itself, namely, that of restoring at the summit what had been

lost by diminution upwards ; for as the capital spreads out as wide as

the base of the column, so is the upper horizontal lintel made as wide
as the sill of the window, by means of a break towards the top of the

side architraves (technically called a knee), so tliat the architrave

expands there to the width of the sill.

The doorways of Grecian temples were made lofty and spacious, not

only for the siuco of rendering them important architectiu^l features,

but also because the light was admitted into the cella, or interior fane,

luually of small dimensions compared with the general structure,

throngh the entrance. The doorway is often inclined inwards, or con-

tracted at the top ; it has also a ]>eculiar lintel or top-stone, with

moulding running round it and meeting the ends of the architraves,

and forming two elbows, thus :

—

' Greek lintel head, showing tlie manner in which the arcUtrarc moulding ia

formed round it.

The mouldings of the architraves are delicately formed, and deco-

rated with ornaments, and a frieze and cornice supported on consoles

are sometimes added. The decorations of the Erechtheium doorway
are very rich, but the size of our cut precludes the possibility of giving

them. This doorway is copied in the central doorway of St. Pancras

Church. There was never more than one doorway within the juirtico

or pronaoe of a Greek temple. We have no example of the form and
construction of a Greek door.

GREEK ARCHITECTURE. rGBECiAN ABcnfTKcrtniE.]
GREEK CHITRCH. The Greek or Eastern Church is that p.irt of

Clirii<t«ndom which, founded, as is aiud, by St. Mark in Alexandria,

about A.n. 60, separated from the Roman or Western Church in the
9th century. Even previously to that epoch there were several dis-

sensions twtwecn the patriarchs of Constantino|>le and the jiopos of

Rome, who claimed a supremacy over all the churches of Christendom

;

but the decided breach between the two churches dates from the year

862, under the patriarch Photius. The extension of the Greek Churcli
by the oonvenion of tlie Bulgarians and some other Sclavonian nations
•xdted the jealousy of the popes, who, moreover, having found a new
•iqtpart in iae eatablishment of the Franko-Roman empire, began to

act with more boldness against the emperon of Constantinople.

• Ths tcopte of Atheai Ales, st Teges, bnUt abont StS, b.c., bjr 8«opu,
Jiad, ia the lalsrior, s Corinthian (,tf)^ K^^.'itiw) impoeed upon s Boric order.
The exterior eolamm were Ionic. (Tsusn., ' Arcad.,' c. 4).) In this pOMSge
the word miriuf (kosmos) corresponds to tbt modem word Order.

I'hoUua reproache<l the Weatem Chiu^;h with the wanton addition of
the word " Filioquo" ("and the son ") to the words " I Itelievo in the
Holy Ghost, the Lord and piiver of life, who procccdetli from the
Father," contained in the Nioene creed, and which he declared to be
an antiacriptural doctrine. He reproached them, also, with having
introduced several innovations unknown to the primitive Christian
Chureh ; as, for instance, the celibacy of prieata, the repetition of the
anotntment, with the chrisma (confinnation), and the fastings'on Satur-
days; but he particularly inveighed against the assumpUon of the
Roman bishops in considering themselves as the head of all Christen-
dom, and treating the Greek ratriarohs as subordinate to them. The
final separation, however, of the Eastern from the Western Church did
not take place till 10S4, under the patriarch Michael Cenikrius, who,
in addition to the matters alleged by Photius, attacked the Latins for
using unleavined bread at the communion, and for the profligacy of

their clergy, &c., for which he was excommunicated by Pope Leo IX.
The attempts at uniting the two churches, which were made either by
the popes, in order to extend their dominion over the East, or by the
emperors of Constantinople, who, being pressed by the Mohammedans,
sought assistance from the Western powers, generally failed through
the pride and interested motives of the leaders of both the partiea.

WhUe Roman Cathulieixm was gradually developing itself under
Gregorius VII. and his followers, as well as by Uie aid M the scholastic
philosophy, the Greek Church remained stationary in its omniaatioo a*
well as in its rules of doctrine, as laid down, 730, by John Damaacenua,
The capture of Constantinople by the Latins in 1204, and the

oppression of the Greeks during their sway, were calciUated to widen
tlie breach between the two churche.s. Michael II. Palseologos, who
ex]>elled the Latins from Constantinople in 1261, was inclined to effect

a union with liomc ; and his ambassador, with some Greek clergymen
devoted to him, acknowledged the supremacy of the pope at the council
of Lyon (1274), and to confirm this acknowledgment, a synod was con-
voked at Const-mtinople in 1277. But the b^ of the Greek Church
being opposed to the measure, and the Pope Martin VI. having excom-
municated the Emperor Michael, from political motives (1281), the
separation from the Church of Rome was solemnly confirmed by the
synods of Constantinople held in 1283 and 1285. The last attempt at
uniting the two churches was made by the Emperor John VII.
Paloeologos, who, being driven to extremity by the Turks, came to
Italy, and, .tt the council of Florence, in 1438, acknowledged the supre-
macy of the pope. The union was however not accepted either by the
Greek clergy or by the people ; but the constant efforts of Rome to
attain this great object residted in bringing to her many Greek
churches in various ports of the world, and particularly in Hungary
and Poland.
The Greek Church, like the Roman Catholic, acknowledges a double

foundation of faith—the Bible, and tradition. Under thislatter appel-
lation it comprehends such doctrines as are supposed to have been
verbally taught by the apostles, and wliich were confirmed by the
Greek fathers of the Church, and by John Damascenus, as well as by
the first seven QUiumenic councils of the Church (the 1st .-md 2nd of
Niaca, the 1st, 2nd, and 8rd of Constantinople, ami those of Ephesus
and Chalccdon). It forbids the patriarch and the synods to introduce
any new dogma, but considers a full belief in those already established
as indispensable to salvation. It maintains thikt the Holy Ghost pro-
ceeds only from the Father, differing in that point from the Roman
Catholic chm-ch, as well as from all Protestant churches, which admit
the proceeding of the Holy Ghost from the Father and the Son
(" Filioque "). Like the Roman Catholic church, it admits seven
sacraments : baptism ; the chrisma ; the communion, preceded by
auricular confession

; penitence ; priesthood ; matrimony ; and extreme
unction. But it differs from we Western church in the following
points : 1. That baptism, in order entirely to remove original sin,

should be performed by immersion of the body three times in water

;

and that the chrisma, which it considers as the completion of baptism,
should be administered nt the same time. 2. Although it admits the
doctrine of trans>ibBt<uitiatiiin, it jiroscribes the communion of two
kinds, which is administered with leavened bread ; and the wine, which
is mixed with water, is not given from the cup as among the Pro-
testants, but put by the priest with a small spoon into the mouth of
the communicant. 3. It requires from the secuku- clergy, as a neoeo-
sary condition fpr receiving ordination, marriage with a virgin ; but a
priest who loses his wife cannot marry again, nor can a person be
ordained priest who has been married more .than once, or who lua
married a widow. It allows laymen to contract marriage only tlu^
times, and is very strict in regard to d^rees of consanguinity ; and it

also establishes, in addition to the coimection by blood, a spiritual

affinity twtweeu sponsor and god-child. 4. It admits no purgatorj-.

Besides the aliovementioncd inijiortant points, the Greek diflcrs from
the Kom.in Church in w^vcral other matters of small moment. Thus,
for instance, it allows the anointing of the body with the chrisma, not
only to persons threatened with death, but to all sick jwrsons as a
means for restoring their health and obtaining the jmnlon of their sina.

Although it admits no purgatory, it is customary with many of its

followers to give the decmsed a written testimony from the priest of
his religious conduct, in order thereby to facilitate lus entrance into

paradise. This, however, is evidently a custom transmitted from the
ancient Greeks, and it must be considered as a practice rather connived
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at than prescribed by the Greek Church. The same Church admits no

works of supererogation, neither does it acknowledge any vico.T of

Christ like the Pope of Rome. Having retained the Decalogue unmu-

tilated, it forbids, conformably to the second commandment, all kinds

of carved images; but it permits and encoiurages paintings representing

the Deity, the Holy Virgin, and saints.

The followers of the Eastern Church are no less zealous than the

Roman Catholics in invoking saints, particularly the Holy Virgin, and

in their veneration of relics. Their fasts are much more numerous and

strict than those of the Roman Catholics. Besides Wednesday and

Friday in every week, they have four great fasts in the year : Lent,

or the fast of 40 days before Easter ; another fast which lasts from

Trinity day to the feast of St. Peter and Paul, 29th of June ; a third,

" to the mother of God," which continues from the 1st to the 15th of

August; and a fourth beginning at St. Philip's day, on the 15th of

November, and ending at Christmas.

During all this time they abstain not only from meat, but also from

milk, butter, and eggs. The ritual of the Greek Church consists

almost entirely of outward ceremonies, and preaching or religious

instruction is scarcely ever used. In addition to the mass, which

forms the most important part, the liturgy consists in reading several

passages of the Scriptures and a repetition of creeds and prayers, which
the officiating priest begins and which are responded by the congre-

gation. Every congr^ation has a choir which sings psalms and hymns,
but the congregation takes no part in them. Instrumental music is

entirely excluded from divine service.

The Greek convents follow the strict rule of St. Basilius. The
abbot of a Greek convent is called Hegumenos, and the abbess Hegu-
mena ; the abbots who superintend several convents have the title of

Archimandrite, and rank next to bishops. All the high ecclesiastical

dignities, as bishops, archbishops, and metropolitans, are chosen from

the regular clergy; while the secular can rise only to the rank of

Frotopapas, which is only one degree higher than that of an ordinary

priest.

The Greek Church under the Turkish dominion preserves almost

entirely its ancient organisation. It is now governed by the patriarchs

of Constantinople, Alexandria, Antioch, and Jerusalem, of whom the

first, as the tEcuraenic patriarch, presides over the general synods of

Constantinople, which are composed of the above-mentioned patriarchs,

several metro]>olitans and bidiope, as well as twelve eminent Greek
laymen. He exercises a supreme ecclesiastical authority over all the

Greeks of the Ottoman empire, and is also acknowledged as the

primate of their Church by the inhabitants of the Ionian Islands, and
such of those under the dominion of Austria, who profess the Greek
religion ; but, except by confirming the appointment of bishops when
elected by the clergy, and presiding at councils, he exercises no supre-

macy over the other patriarchs. Independent states professing the

religion of the Greek church have almost uniformly their own eccle-

siastical superior, as was the case with Georgia, Abkhasia, and Scrvia. In
Russia, since the time of Peter the Great, the sovereign is the real head
of the Church, and the patriarchal powers are exercised by a synod.

In Greece a similar constitution has been adopted (it was only recog-

nised after much negotiation by the patriarch of Constantinople in

1850) ; and now the archbishop of Athens is at the bead of the national

synod.

For an account of the festivals, ceremonies, liturgies, 4c., see

'History of the Eastern Church,' by the Rev. John Mason Neale, M.A.
GREEK MUSIC. [Music, Histobt of.]

GREEN. [Light.]

GREENHOUSE. A building in which small plants of a delicate

of exotic character are raised, without being exposed to the variations

or inclemencies of the atmosphere. The temperature murt be regu-

lated by the nature of the plants, and it may be obtained by the use of

stores, of |faot air, or of hot-water pipes, or in the case of conservatories

by surrounding the earth of the pit by manure, whose gradual com-
bustion, in the process of decomposition, may give out the necessary

quantity of warmth.'
It is usual, in the construction of greenhouses, to make three of the

vertical sides of glass, and to hang the frames so as to allow air to be
admitted at will. The top is also made of glass, and partially moveable.
Care must be taken to conduct the waters of condensation in such a
maimer as not to allow them to drip upon the plants ; and all passage
of moisture, through the capillary action of the ground, must be
intercepted. As a rule, the opaque side, or wall, of a greenhouse
should be towards the north.
GREEN VITRIOL. [InoN, ProtomlphaU of.]
GREENWICH OBSERVATORY. [Observatories.]
GREGORIAN KALENDAR. [Kalesdar.]

•f GRENADE, properly called hand-grenade, is a shell or hollow ball

of iron, 2J inches in diameter, and about 3 lbs. in weight, which, Iwing
charged with powder and provided with a fuse, is thrown by the hand
from the parapets into the ditch and covered-way when occupied by
thebemegen; or from the covered-way into the trenches, when the
latter •pprooch within 25 yards of the crest of the glacis. Hand-
grenades are especially useful in the defence of iinllanked ditches, &c.
As soon as the composition in the fuse is consumed, the fire com-

municates with the powder, and the ball is burst in fragments.
Grenades were flnt used in 1594.

Grenades have been made of glass, either with a fuse, or with four
or five nipples distributed over the surface of the grenade. Percussion
caps are placed on these nipples, which are exploded by the blow of

the shell falling on the ground, and cause the ignition of the charge.

GRENADIERS are the tallest and strongest men of a battalion ;

they are embodied in one company, which is disposed at the head of

the battalion when in column, and on the right flank when in line.

In France, as early as the year 1667, four men, appointed during a
siege to throw grenades into the covered way of a fortress, and to take
the lead in an assault, were distributed in each company of that which
was called the king's regiment (infantry) ; and three years afterwards

these men were formed into a separate company ; subsequently every
regiment in the French service had a company or two companies of

grenadiers, and the regiment of guards had three : they were considered

as the ilite of the soldiery, being men of tried steadiness and valour.

In 1676, the king of Fijince instituted a company of cavalry designated

horse-grenadiers, whose duty it was to repair roads previously to a march
of the household troops.

It is probable that men under the denomination of grenadiers

formed part of an English army soon after the introduction of that

class of soldiers into the French service ; for, from a ILst of the com-
missioned officers of the army in 1684, it appears that most of the
regiments had grenadier companies. A corps of grenadiers was also

attached to each of the three troops of horse-guards ; in 1693 these

were formed into a troop, and in 1702 another troop was added.

The English foot-grenadiers were at first probably employe<l in duties

similar to those of the corresponding troops in the French service : for,

in a work on the English military discipline (1686), they are said to

be provided with musket.s, swords, pouches to carry grenades, and
hatchets : with these last, after firing and throwing their grenades,

they were to cut down obstacles in order to enable the troops to rush
on the enemy.
The men in the first of the three regiments of foot-guards are now

designated " Grenadier Guards," and the Scots Greys constitute a
regiment of horse-grenadiers ; in both of those regiments a high bear-

skin cap is worn : but the men forming the grenadier companies of

regiments of the line wear the same kind of caps, and, except slight

peculiarities in the ornaments of the coat and hat, they are clothed and
armed like other infantry soldiers.

GROOM, in old English, meant a servant in some mean station, a
lad or lacquey who was sent on errands : and is said, by KiUan, to be
derived from the Flemish ffrom, a boy. It answered to the French
yarfcm, or perhaps gamin. At present, in common life, groom means
a servant especially attendant on the stable. Jamieson says the original

word was gom, and that the letter r has been inserted only in English
and Scotch. The German brautigam is the English bridegroom.

In higher life, groom is the denomination of several officers or servants
of the royal household, mostly in the lord chamberlain's department

:

such as grooms in waiting, grooms of the great chamber, grooms of the
privy chamber, groom of the robes or stole, and, in the lord steward's
department, groom of the almonry.

There was formerly also, in the lord steward's department, a groom-
porter, who is said to have succeeded to the office of master of the
revels, then disused. His business Wiis to see the king's lodging
funlived with tables, chairs, stools, and firing; as also to provide cards,
dice, &c., and to decide disputes arising .it cards, dice, bowling, &c.
From allusions in some of Bon Jonson's .and Chapman's plays, it

appears that the groom-porter was formerly allowed to keep an open
gambling-table at Christmas : it is mentioned as still existing in one of
Lady Mary Wortley Montagu's eclogues :

—

*' At the groom-porter'» batter'd bullies play."

Thursday, Eel. 4, Dodsley's Collect., i. 107.

This abuse was removed in the reign of George III. Bray, in his
account of the Lord of Misrule, in the ' Arohaiologia,' vol. xviii., p. 317,
says, George I. and II. played hazard in public on certain days, attended
by the groom-porter. The appellation, however, is still kept up : the
names of throe groom-porters occur among the inferior servants in the
present enumeration of Her Majesty's household.
GROUND-BASE, in music, a subject consisting of very few bars,

adopted as a base, and continually repeated during the whole move-
ment, while the upper part, or parts, proceed at liberty. That the
composers of the 1 7th century were proud of displaying their patience

and industry by writing on subjects of this kind, we h,ive many proofs

remaining, one whereof, a chaconne by Purcell, which is equally good
as an example and as a composition, is given in Dr. Crotch's ' Specimens,'

vol. ii. p. 91.

GROUND GRU. [Ice.]

GROUND TACKLE comprises anchor, cable, bitts, stoppers, wind-
lass, and all the articles and appUances used in securing a ship at

anchor.

Enough for our purpose has been said of the anchor under its proper
head [Anchor], to which we refer.

That the whole subject claims attention, and is worthy of anxious

investigation, m.iy not only be gathered from a consideration of the

disasters which have so lately strewn our coasts with wreck (too many
of these wrecks arising from defects in ground tackle), but parliament

has just received favourably the application from Sir J. Elphinstone
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far • nieat eommittM * to iaqxiira into the nuanCMtora of uiohora

Mid ehain oibla for the marduot aBrriM,' uid tli« motioa wu a^raed

to on th« Sad of Ftbniary, I860.

The writer ramonben tha time whan tha duin oable had not cnp-

nlant—' that of hamp. In thoae dava, not half a century diatant, the

kMt Indiainan, tha daepW-Uden Waat Indiaman, thai burdensome

oolUar.and eren the liae-ofAwttle ahip, were aeen in that faiv<aiDed luid

dnaded roadata«l, " the Downa,' on the Kentish coaat, nlunging to

tha atrain of a kng aoopa of hempen and "ooir' oaUaa, driring

onwarda anin through surge and surf to the point of mean tension,

from whiMa huge aea oooaaionally btirlo<l them ; the litutidtif of the

oaMaa aoting like a apring agabist the sudden blow from a huge ware

aiifllitort to sweep tha deoka and cause the ship to tremble. It is well

to uuuUaat thia wHh the preaent ayatem. At the time when the chain

eaMa waa meraiy an attiaetlTe experiment, the oldest pilots and seamen

WBf* ot opinion that ita rigidit}- would in bod weather tear the bows

fttm a ahfp, eren from the strongest. For yeara it waa remarkable

that imtil ships were strengthened for the purpoae, the capeixing of

the windlan [Whtdlass] was a circumstance of more frequent occur-

Nooe ; and It waa only when public attention was drawn by chain

nakera to the bet, that the weight of the submerged chain itself,

li«iH»lng in a curve, in some measnre modified the shock of n sudden

tension, that the ship-ownera oonseated to fit their shipa with a cer-

tainly more compact nod more manageable cable, such as we have in

use at the preaent day. I'be liability of the old cables to be deatnrred

by "h'fti'g in rocky anchorage grounds, frequently occasioned the loes

of ahipping. The necessity of anchorhig in such anfitrourable plaoea

mig)>t occur several times in the eourae of a long voyage, and not only

would danger be incurred on each occasion, but there was the risk of

a ahip being comi>olle<l, owing to the loss of anchors, to pursue her

course destittite of Uie usual means of security. The action of the

water upon hemp, and its being alternately eiposed to the air and

water, rendered in time the strongest cables rotten and insecure. The
idea of substituting Iron ctibles first occurred to M. Bougainville, who
made a voyage round the world, an account of which was published in

1771. The idea was not taken up until 1808, when Mr. Slater, a

itugeon in the navy, took out a patent for a chain^able. Its merits

ware not mudh valued until Capt. Brown, who had made experiments

with chain-cables which ensibled him to form a just opinion of their

advantages, published the results, and thus directed the attention of

naval men to their superiority. The Admiralty soon after ordered

them to be tried in the navy. In 1812, Mr. Brunton obtained a patent

for further improvements ; and after the war he enjoyed a brevet for

importing ohain^sables into France, but the advanta^ which he de-

rived from it were so small that ho relinquished his privilege.

Chain-cables are now furnished with lx>lt» at the distance of 10 or

16 fathoms from each other, by withdrawing which a sliip may slip

her anchor in caao of necessity with leas trouble than was formerly

required in cutting a strong hempen cable.

Chain-oaUea are of various kinds, but one general description of

the mode of manufacture will suflRoe. The etficiency of a cable is

dqiendent on two operations widely distinct, namely, the for;ring and

the tatinrf. For large chains a piece of iron bar, seldom larger than

2J inches diameter, is cut to the proper length for a link, and is shaped

in cutting like fig. 1. It is also during tlic cutting, and by means of a

powerful revolving disc, bent into the form fig. 2. It is then ready for

the ohain-Hmith, wlio is necessarily a well-skilled workman, who care-

fully welds the two ends together, introducing at the time the cast-

iron stud, Jig. 8, the complete link having the form in ^. 4 ; other

links are shut on to this in the same manner, imtil the ponderous

chain, often of about 12 tons weight, is ready for the next process,

—

that of testing. The perfect welding of the two ends of the bar, is by
all respectable anchor-smitlis made a subject of pecuniary interest to

the workmen themselves, since a ftulure in a link under testing involves

to them loaa of time and expense in replacement.

Small veaaels use a chain without a stud, the links arc variouHly

proportioned to the thickness of the bar, the " short link " having the

^pearanoe of fin. 6.

rrooi tha great oare bestowed on the manufacture of chain-caUos by
uoh booaea aa Wood ft Co., of Saltncy, the Tyne Works, and nthcra

eminent in-the trade, it is doubtful if much improvement hirein can

be cdMbrtently hoped for. Such firms having their own testiug-bouses,

usually give a oertiiloate with their beat chains ; but the question arises

aa to Mojvt « motmi Utttun Ay fMic mocMiet, >ueh ai at UttrpoU,

Protaaaor Hodgkinaon givea tha tensile atrength of wrougfat-iron aa

24 tons to the square iaoh of aaotioii. Kow the aaetional arc of a 8^
ineh oliain will be S-98 aqoara biehea, and therefore the maxim inn of

braaUiw strain which anoh a ohain ia calculated to bear is about 964
tons. But the question was atron^y urged by Mr. Sazby in 1865 (aaa
' Nautical Mag.'), whether the amount of proof required by the govern-

ment were not the cauae of frequent failure of a chain from ovrr letting.

It is significant that Sir J. Elphinstone has just stated In the House of

Commons, that in tha public testing machines at Liverpool 82 per cent.

of the chain-eablaa tried there had bnAea I

A few considerations on the operation of testing a metal may be
nsefuL Especially ahould we investigate the probable elbct of taating

on the atoms [Atoms] of whidi the iron (or metal) ia compoaad.
If we view the subjeot aa a mere case' of $trttin and renttoNoe, we eon-

fine our acrutiny to a dangerous limit. Let us sumxiae it possible that

the following figure represents a minute portion of a substance, aay of

wood or iron :

—

Fig. «.

Imagine the dots to be atoms enormously magnified. It is supposed
that in all solids atoms are in approximation only, not in contact ; that

equilibrium is produced among these atoms by innate counteracting

forces, attractive and repulsive. Let the circles surrounding the
dots represent the limit of attraction for each atom while in equili-

brium : suppose, for example, such dots are the atoms of a loncewood
bow. If we cast arrows from it during, say, an hour, we shall on
unstringing it find that if the arrows have been projected by means of

Hidden, jerks, the bow will sooner recover its original shape than if suidl

arrows had been thrown by a UokIj/ drawn force ; and moreover we
shall find that the arrows in the formerxase will reach a mora distant

object tlian in the latter ; hence we infer tl^jit the bow will bear a
much greater strain with impunity in the first ca-so than in the second.

And thus it is with the testing of a ckiin-cablo by the alow method in

use. But to return to the bon-.; the common phrase " Iming U*
elcutieUy " is very significant when applied to iron, which in this reapect

difTera from wood, the one being ductile, the other not ; hence a piece

of wood bent so much as to draw its atoms farther apart than the
imaginanr cirolce in fig. 6 permit, or to separate its atoms beyond the
sphere of each other's attraction, as shown at a, b, in fig. 6, becomea
" broken," unlets a restoration of position so sudden aa to retard the
re-arrangement which the disturbance of electric, or galranio, or

calorific agencies induce, it poitible ; and in the case of wrought-iron,
this re-arrangement is supposed to commence when the tension amounta
to about ten tons to the square inch of sectional area ; and thia can
only take place at the cost of the metal's so-called " elasticity ;

" such
changes in the iron depending upon a supposed polarity imparted to

its atoms, by disturbance of electric currents made evident by the
production of sensible magnetisni.

The iron thus becomes comparatively " brittle," and consequently
less able to resist even the proof-strain which, in the first instance, it

may have borne with safety.

Does it not appear then that an iron chain cable, in being subjected
to a second test, must become materially weakened 1 It is remarkable
that, although we speak of iron becoming " permanently " stretched by
a strain of upwards of 10 tons, such is merely conditional, because the
judicious application of a red heat has, in the well-known process of

avnealing, the effect of restoring a state of equilibrium, a fact bearing

strongly upon a consideration of the very nature of electricity itieff.

That the greatest strain which affects a ship's cable is in some measure
fovourable to the " restoration in ixisition " of the molecules of tha
iron, may bo understood from the following unexaggcrated sketch. It

is not the riding of a ship in a mere tide-way that usually tries a cable

to the utmost; but it is the tremendous sudden jerks which a oable

sustains when (as in fig. 7, c.) a ship is checked by her ground-tackle

when on the very crest of a wave. The moment tm wave has passed,

the weight and " elasticity " of the chain {if not deitrtiyed by oter-

testing), together witli the weight of the metal in suspension from the

shock, gives the ship an onward impulse which lessens the shook of the

next vrave (sailors believe in what they call " master-waves ") ; thus

the chain has time to partially recover its atomic equilibrium : this

may be seen in the altered angle at which the cable haofp from the
hawse, as shown in fig. 7 d.

It would seem from the above remarka that, to lessen the dangers

which at present affect ground-tackle, ao far as they result from the
breaking (or " i«rting," as it is called) of the chain-cable, the following

points (femand the deepest consideration :

—

1. Is it correct to test a chain to an amount far beyond 10 torn <• Ih*

inch sectional area t

2. Should a chain ever be tested a second time t
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3. Would not a suddenly acting teat be preferable to a prolonged tension,

at iiresent imtained oftm for iqmardi of a quarter of an hour f

Fig. 7.

V
v..

4. Might not a chain after (tiling he annealed mth adtantage 1

5. Are chaina of present dimenidons strong enough ?

But the subject of ground-tackle baa other important phases.

Question 5 suggests that there are times when a chain of sufficient

strength to meet an emergency would be far beyond all limits of

ordinary requirement, aurjiassing even the exigency figured above.

For many ships are lost on a lee shore, not so much from fairly riding

when at anchor, but from the iliockfdl in " bringing up " on first letting

go the anchor. Is it reasonable to supiH>se that a chain-cable manu-
factured with every possible care to bear a strain of (say) 95 tons,

could resist the violent and sudden shock of a mass like a line-of-battlu

ship of 120 guns, absolutely weighing above 4000 tons, and in a ttate

of motion, perhaps driving at Uie rate of 6 or 7 miles an hour, or

upwards of 10 feet in a second I

We naturally, from this view of matters, turn to look in-board, in

order to scrutimse the means used in cheeking a cable under such cir-

cumstances. But there are none—{xtsitively none ! The cable ia secured

by turns round solid bloclu of wood of huge scantling, or iron, and
which are firmly attached to the framing of the ship itself. It may be
supposed that veering, or letting go more chain, is the remedy, but it

has its dangers also : for if once the chain resiat the means of checking
its progress, it rushes with increasing force until, from the ship acquiring

velocity stemward, it is again suddenly checke<l by the clench of the

cable round the foot of the mast, and like packthread it parts, to the

most probable destruction of the ship. Another anchor may immedi-
ately be let go, but its chain too probably shares the same fate.

• Fig. «.

Stopper lanjrard

for securing

chain.

Tlie itopper is

shown as it ap-

pears vliile nip-

ping the chain.

A simple remedy has been proposed, and is at least worthy of con-
sideration. If A and B (in /jr. 8) be two weU-secured bitt-heads (they
need not be higher than 1 foot or 15 inches above the deck, as seen
at D)t the cable as brought in from the hawse-pipe (lassing round A,

and also round B with a contrary flexure, would, from the friction

exerted in letting go the anchor, be very much retarded. It is true
that an extraordinary strain might, in this case also, cause the cable to
nuh out with violence ; but if, in addition, there be inserted at o a
patent excentric stopper, snch as is figured above (and which has been
in use for five yean in some of the largest ships), the moment the
officer of the deck might see fit he might cause to let go the lanyard,
X, of the stopper, and allow the friction of the chain along the face of
the purpoaely-laahed-open stopper iltcif to dote and nip the chain

effectually, gradually or not as he might please. The nature of this

stopper admita of its being readUy opened to veer away : indeed nt^thing

yet known ia likely to be so efficacious. [Windlass.] The stopper
referred to is also peculiarly adapted for a position " chock-forward

"

near the h.iwse-pipe, for one placed there would prevent the fatal

accidents which frequently happen from a capstan " running back

"

while weighing an anchor, in consequence of a audden atniin coming
upon the cable. The stopper admits a chain or rope to pasa through
it in the direction of the arrow, but if the clwin slip back it is imme-
diately nipped by the excentric ; and with a great improvement on
every other method, inasmuch as it will be seen in fg. 9 the curve rests

OH three links of the chain, all others rest on one ; and again in other
stoppers a rushing chain can never be restrained with certainti/, for in

them, unless the link fall accurately into the " slot " prejiared for it, it

runs on, and even a (urn in the chain itself may cause this.

Fig. 9.

(One Bide is removed to sliow the action upon the chain.)

It is to Captain Thomas Brown, of the merchant navy, that we
owe gre,it improvements, so far as they go; but until some such
additions as above suggested are made to existing means for working
ground-tackle, the gales upon our coasts will yearly diminish the profits

of the shipowner ;ind underwriter, and hundreds of lives will be lost

in the moat frightful of all calamitiea, the total shipwreck.

GROWING CROPS. [Emblements.]
GROYNE, a timber estacade, or masonry bank, carried out from

the shore of a coast exposed to the action of a littoral current, for the

piu'poee of arresting, as far as possible, the onward progress of the

shingle transported by the current. If, indceil, the ahingle were allowed

to advance without impediment, it would itself, by the abrasion it would
produce on the coast line, aasist the encroachment of the sea ; but the

good effect of a series of groynes depends almost entirely upon their

being placed so closely to one another that no counter eddy can be

formed on the opposite side to the advance of the current.

Groynes are largely used upon the chalk shores of the British

Channel, and upon tbe more yielding strata of the German Ocean.

[Sea Defences.]
GRUS, the Crane, a constellation of the southern hemisphere,

introduced by Bayer. It is «ituate<l between Eri<laniiB and Sagittarius,

a Uttlo below Piscia Auatralis. There are no stars of conapiouous

brightness in this constellation.

GRUYERE. [Cheese.]

GUAIACENE. [Guaiacyl.]
GUAIACIC ACID. [Guaiactl.]
GUAIACUM OFFICINALE, a tree, native of the West Indies, of

which the wood and resin only are used in Britain, but the bark also

on the continent, in medicine. The wood should be procured from
the dmamen, or central part of the trunk, as being the richest in the

active principle. Thia wood should be very dense, heavier than water,

of an obscure greenish fawn colour : but the recent fracture is

yellowish, exhibiting an tmequal cleavage, with a fatty shining appear-

ance, if the specimen be good. The wood of the circumference ia

lighter, both in colour and weight, polo fawn, and opaque. In Guiana
the wood of the DSpterix odorata (Tonka bean) is used under the name
of guaioc-wood, which it greatly resembles ; hence probably the state-

ment of some writers, that the guaLic-tree is a native of America.

Genuine guaioc-wood is destitute of smell, but if rubbed, and still

more if set on fire, it evolves an agreeable aromatic odour. If long

chewed, the taste is peculiar, guttural, and bitterish. Trommsdorf
obtained from 100 parts 26 parts of resin of guaiac : one pound gives

two ounces of extract. The active principles are the resin and a
peculiar extractive. Ouaiac-wood is used in the form of raspings (chiefly

obtained from the ahopa of turners who make blocka for ships of the

lignum vita!, as they term this wood) ; but this ia a mixture of the wood
of the external and of the internal layers, of variable strength and
quality. The wood is less used than the reain. Guaiao-resin exudes

apontoneously, or in consequence of incisions, and hardens on the bark.

Resin obtained in this way is generally in spherical or long teai-shaped

pieces. It is also procured more abundantly by cutting the stem in

pieces of moderate length, boring a hole through it, then putting tlie

one end in the fire, and collecting the resin, which flows from the

opposite end, in cil.abashes. Another mode is to boil splints of the

wood in salt and water : ^lao, by digesting the rasped wood and bark in

alcohol.

There are some slight differences in colour, transparency, and other

points, occording to the method of obtaining it ; but these are of little

consequence, provided no accidental or fraudulent admixture of other
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mbitaiicM lure occurred, iiuch aa pieoM of wood and bark, nnd, or

amber. To ptirify it from theee, it ii oomauMiIy diaMdred in proof

qiirtt. B7 thia ineaai a lai^jer quantity of reain ia procurvd thaii was

origiuallr aubjeoted to the aolTent, owing to a hrdrate being formed.

Reain which haa been ao purified haa lost nearly all acrimony ; the

reain ii likewiae adultented with colophony ; and it is said to be odul-

t«ratad wiUi the reain or gum of the manohineel-tree, a most culpable

aubatitution, owing to it« (urmid.tM« powan.
According to Unverdorben, guaioc-renn conaista of two distinct

reaina : the one ia eaaily aoluble in aqua ammonite, which the

alcoholio eolation of acetate of copper precipitates ; the other forms

with «n>wmni« « tariT Combination, which is soluble in six thousand

parts of water, and which the alcoholic solution of acetate of copper

does not predpitata.

The resin of guaiao becomes blue by continued exposure to the air,

and also when in contact with many organic substances : many vege-

table substances, psrttctilarly Beveral contoiuiag gum and starch, turn

the tincture of guaiao blue ; a point of imiwrtauce, from the similar

effect of iodine on starchy substances.

The acrid taste of guaiac-resin ia owing to a peculiar bitter acrid,

ao-called extractive (or ^MOtaeiH), which is contained in much greater

quantity iu the bark than the wood. It is to this principle, accord-

ing to Buchner, Uiat goaiac-resin is indebted for its medicinal

powen.
Otiaiao ponesses the property of stimulating the system generally,

n«ii«ii»g increased vasctUar action, augmented heat of the body, and

promotes the secretions of the skin and lungs ; but in large doses it

produces nausea, anxiety, abdominal i^ains, and stupor. It is not

prized now so highly as on its introduction into European practice in

the 16th century, when it bore a most extravagant price, four ducats

being often given for a pound of the wood. It ia, however, a useful

agent in certain forms and stages of gout and rheumatism, and in some
cutaneous diseases, especially when iu the first set of disorders it is

combined with ammonia, and in the latter with mercurials and
diaphoretics or antimonials, as in Plummer's pills.

Its insolubility iu watery menstnu is an obstacle to its easy adminis-

tration, and even its alcoholic solutions are precipitated on the addition

of water. It is generally mode into an emulsion, or given in pills

;

but a so^> may be formed by means of heated oiiua potassa:, in which
the resin is to be dissolved, Uien evaporated, and a soft consistent mass
is obtained, which may be formed into pills or a bolus.

OUAIACYL (C„H,0.), the theoretical base of the resin called

giuiiocum. If this resin is distilled, an oily liquid is obtained, which
ia regarded as a hydride of guaiacyl, C,,H,Oj-<-H, although it has

been named pyrogualacu; acid.

Another constituent of guaiacum resin is guaiacic add (CuHjO,),
which crystallises in needles, and is freely soluble in water. By
destructive distillation the resin also yields guaiacene (CjoHgO,), a light

Volatile oil, which absorbs oxygen from the air, and forms a crystalline

Compound.
GUANINE (C,oN,H,0,), a compound discovered by Unger in guano.

It resembles urea in its properties, forming crystollisable salts with
hydrochloric, sulphuric, and nitric acids. It is a white powder, and
insoluble in water. Its salts are all neutral or acid, none basic.

QUANO (from the Peruvian word hwanu, which signifies dung) ia

the excrement of sea-fowl, and was used as a manure probably for ages

before Peru was visited by the Spaniards. It is spoken of by Herrera
in a work published at Madrid in 1601 ; by Oarciloso de la Vega, in

his' Hemoriales Keales,' publiahed at] Lisbon in 1609 ; and by UUoa in

his ' Voyage.' Garcilaso de la Vega says that " in the time of the
Incas th^ was ao much vigilance in guarding these birds (the sea-

fowl), that daring the rearing season no person waa allowed to visit the
islands which they frequented, under pain of death, iu order that they
might not be frightened and driven away from their nests. Neither
was it allowed to kill them at any time, either on 01 ofi' the islands,

tmder the sanie penalty. Each district or territory had a portion of

these islands allotted to it." Mr. Thairlwall, of liichmond, Yorkshire,

who has visited the western coaat of South America, describes a small
i4and, about three miles in circumference, in 13° 44' S. lat., on which
guano is deposited in a solid mass 200 feet in depth. The surface is

cost«d over with a thick incrustation of almost pure muriate of
ammonia ; and when the bulk is disturbed, the ammonia given out is

so strong as to aflect respiration, and to cause an unplcisant sensation

iu Um OTes. Peruvian giuno is imported into England only by the

rts of the Peruvian government, Messrs. A. Uibbs It, Co. About
commencement of 1843 guano was discovered on the island of

Icfaaboe, about two miles and a half from the mainland of Africa, in
88* 18* 8. lat. and 14° 15' E. long. The place soon attracted notice,

and by the end of 1844 the whole of the giiano had been carried away.
As many as 3fiO ships have been anchore<l otT the island at the same
time. The gtiano waa 35 to 38 feet in depth, and the deposit extended
to a length of about 1100 feet, with an average width of 400, feet.

Towards the cloee of 1844 another guano idand (Malagas) was dis-

ooTsred at the entrance of Saldanha Bay. The guano covers an extent
of about eight miles, and gradually increases in thickness from about
4 yards to 8 yards. It is obtained for shipment by a licence from the
collector of customs at Capo Town. In October, 1846,a cargo of guano
was brought to this country from Patagonia. It has been supposed

that the excrement of the sea-fowl which swarm on some parts of the

coast of Qreat Britain mig^t be used as a fertiliser with the same results

as Peruvian or African guano; but the quantity which could bo

oolleoted is comparatively small, as the aiiniuil accumulation is in most

runs washed away by the rains, and the valuable prn)KTti>'a uf that

whidi remains are dissipated by the chango-ible nature nf our climate.

In South America and Africa the drj'uess of the climate alluwa the

guano deposits of successive years to accumulate, and the heat of the

sun produces a coating of the surface which jN-eserres its virtue as a

manure. The superiority of the Peruvian over the African and

other guanos is owing chiefly to the greater dryness of the climate.

A guano has been found on the Kooiya Moorya lalands oflT the

southern coast of Arabia, and has been imported to some extent, but

its composition is very inferior to that of the Peruvian in all that con-

stitutes worth iu a manure.
The value of guano is to be estimated aecording to the proportions

which it contains of—1, ammonia ; 2, phosphates ; 3, organic matter.

The results of a number of analyses] of Peruvian and African guano

show the following variations in their composition :

—

Peruvian. African.

Water . . .. 13 to 16

Organic matter . . 60 to 80

containing ( ^ 'V° " :• parts of ammonia
rhosphate oflimo , . 15 to 26

Fixed salU . . —

26 to SO

26 to SO
6 to »

parts of ammonia
26 to SO

8 to 10

African guano had the largest proportion of soluble matter, and
that from Peru is remarkable for the quantity of uric acid that it

contains, an element which dissolves very slowly. African guano may
therefore have acted with greater rapidity, but the effect of Penivian

is felt for a long jieriod.

Good Peruvian guano sells now at ISi. per ton. The article is

extensively adulterated, and instonces have occurred in which the

adulterated matter prevailed to the extent of 97 per cent. Umber,
stone ground into a fine powder, various earths, old mortar, and par-

tially decomposed saw-dust, are empIoye<l for this purjjose. The
mixture is moistened with putrid urine and re-<lried. Even genuine

guano differs so frequently in quality, that it is never advisable to

purchase it without a satisfactory analysis. Purchasers are often

deluded with false analyses, and those who deal only with those who
profess to be importers are not always safe. Dr. Ure advises the

farmer before he buys to obtain an analysis from a competent chemist,

and then to cork up a sample in a bottle, and in the event of his crops

disappointing reasonable expectation he is in a better position for

obtaining satisfaction for any fraud which m.iy have been practise<l

upon him. Farmers' clubs might retain a respectable chemist at a

salary on condition that he should perform analyses for the members
at a moderate fee. This ia what in effect was done by the Agricultural

Chemistry Association of Scotland, and the consequence was tliat

scarcely a single sample of adulterated guano was offered for sale in

that country.

The easiest test of the purity of guano is its weight. It may vary

from 69 to 73 lbs. a bushel, and the lighter the bettor, provided on

throwing it into water some of it floats. If heavier than 73 lbs. per

bushel, it has been adulterated with earth. The following are the

common chemicU tests of its genuineness, as given by Mr. Nesbitt :

—

(1). Procure from any druggist a common wide-mouthed 6-oz.

bottle, with a tolid glass stopper. Let this bottle l>e filled with

ordinary water, the stopper inserted, and the exterior well drie<i. The

scales to be used ought to turn well with a couple of grains. In one

pan of the scales place the bottle, and exactly counterpoise it in the

other by shot, sand, or gravel. Remove the bottle from the scale, \w\xr

out two-thirds of the water, and put iu 4 oz. avoirdupois of the guano

to be [tested. Agitate the bottle, adding now and then a httle more

water; let it rest a couple of minutes, ami fill with w.'jter so that all

the froth escapes from the botUo. Insert the stopper corefully, wipe

dry, and place the bottle in the same scale from which it was taken.

Add now to the counterpoised scale 1 4 oz. avoirdupois and a fouri>enny

piece ; and if the bottle prove the heavier, the guano is in .ill proba-

bility adulterated. (2.) Place 10 grains of the guano in a platinum

capsiUe, which is held by the tongs in the flame of a spirit lamp for

several minutes, until the greater jmrt of the organic matter is burnt

away. It is allowtnl to cool for a short time, ^lul a few drojw of a

strong solution of nitrate of ammonia is added, to assist in consuming

the carbon in the residue. The capsule is again gently heated (taking

care to prevent] its boiling over or losing any of the ash), until the

moisture is quite evaporate<l. A full red heat must then be given it,

when, if the guano be pure, the ash will bo i)early white, and >vill not

exceed Z{ grains in weight. If adulterated with sand, marl, &c.,tho

ash will always be ooloiu-ed, and will weigh more tlian 34 grains. (3).

Dissolve in a quart of water as much common salt as it will take up,

and strain the solution. Pour a quantity of it into o saucer or basin,

and sprinkle on the surface the guano to be tested. Good guano sinks

almost immediately, leaving only a very slight scum. The adulterated

leaves the light materials floating on the water. (4.) If chalk or

ground limestone has been used in adulterating guano, it may be shown

by pouring strong vinegar over a tea-spoonful of the sample placed in a
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wine-glass. On stirring, effervescence shows its presence. Genuine

guano, under the same circumstances, merely allows the escape of a

few air bubbles. We add here the method suggested by Dr. Cameron

In his recently published lecture on agricultural chemistry, for the

detection of spurious guano. By drying and burning, Penivian guano

should lose from 55 to 60 per cent, of its weight. Its ash should be

white, and should dissolve readily, and without effervescence, in dilute

muriatic acid, 'leaving insoluble residue, which should not amount to

more than 2 per cent, of the weight of the guano. Mixed with quick-

lime it should give a strong ammoniacal odour. A bushel of guano if

pure weighs almost exactly 70 lbs. ; if adulterated with clay, marl,

sand, &c., the weight will be materially increased, and so farr as thw

test applies grosa adulterations wUl be easily detected.

The great cost of guano has materially checked its consumption, and

it will be seen from the following table how much during the past

year its consumption has fallen off. The fact is, that at the price of

13/. per ton many other manures are cheaper.

The following is a table of the imports since its first introduction :

—

'ears. Tons. Years. Tons.

1811 . . . 2,881 1851 , 243,014

1842 20,393 1852 . . . 129,839

1843 . . . 30,002 1853 • 123,166

1844 . 104,251 1854 . . . 235,111

184S . . . 283,300 1855 , 305,061

1846 . 89,203 1856 . • • 200,000

1847 . . . 82,392 1857 , 288,362

1848 71,414 1858 . , , 353,541

1849 . . . 83,438 1859 (10 montlu] 73,647

1850 . 116,925

The subject of the relative value of fertilising ingredients in guano,

and in other manures, has been largely discussed. Professor Anderson

of Glasgow, at a meeting of the Highland Society, stated the following

figures to indicate, according to the authorities named, the value per

ton of the principal ingredients as obtainable in guano :

—

Way. Hodges. Mesbit. Anderson.

£ .. rf. £ M. d. £ i. d. £ >. d.

Ammonia . . • 56 56 60 56

Imoluble pbo<phatea 7 7 8 7

Solnble pboaphate* . . 32 IS 25 24 28

Fotaab .... 30 16 20 ,, 20

Alkaline salts . . . 1 1 I 1

Organic matters 1 10 1 ••

apply 4 cwt. of nitrate of soda and 1 cwt. of Peruvian guano per acre

broadcast, in shower}' weather if possible.

On the application of guano to the soil, Mr. Nesbit gives the foUow-
uig instructions :

—

(1.) Guano is best applied in damp or showery weather.

(2.) Guano should not generally be put on grass land iu the spring

later than April.

(3.) When guano is applied to arable land, it should immediately be
mixed with the soU, either by harrowing or otherwise.

(i.) When wheat is sovm very early in the aiitunm, a less than usual
amount of guano must at that time be applied, and the rest in the
spring. The wheat otherwise might become too luxuriant, and be
injured by subsequent frosts.

(5.) Guano, and artificial manures in general, should be put on the
laud only in quantities sufficient for the particular crop intended to be
grown, and not with the intention of a.ssisting the succeeding one.

Each crop should be separately manured.

(6.) Guano, before application, should be mixed with at least from
five to six times its weight of ashes, chaYcoal, salt, or fine soU.

(7.) Guano should on no account be allowed to come in direct con-

tact with the seed.

An artificial guano may be easily compounded by an admixture of

the constituents of natural guano, all of which, with the exception of

bone-dust, may be procured of any druggist. Professor Johnston gives

the following recipe for an artiUcial maniu-e which will produce an
effect about equal to 1 cwt. of natm-al guano :—781 lbs. bone-dust,

25 lbs. sidphate of ammonia, \\ lb. of pearlash, 25 lbs. common salt,

24 lbs. dry sulphate of soda ; total, 1324 l'^*- The following artificial

substitute for guano has been successfully used, at the rate of 5 cwts.

per acre ;

—

These are the prices at which these several ingredients are purchased

in guano at present prices. Can they be procured elsewhere at a

cheaper rate ? The ammoniacal Uquor of the gas works, after having

been once distilled, can be obtained containing 20 per cent, of ammonia
at a price which gives that substance at from Zd. to Z^d. per lb., or

about 28/. per ton. The objection to its use is, that the ammonia
exists there chiefly as carbonate, and in that state is peculiarly liable

to loss by evaporation. It is clear, however, that if concentrated gas

Uquor were applied to the soil, the fanner could afford to lose one-

third of it, and still have his ammonia cheaper than in the state of

sulphate. The application should be of 2 to 3 cwts. per acre on grain

crops, both alone and mixed with a certain quantity of bone ash, and
the land should be made up in ridges, and the solution, diluted to a

proper extent, poured into the bottom of the furrows, while the

plough, unmediately following the apphcatiou, shoiUd be made to

divide the ridge and cover the ammonia. This should be done several

days before sowing, for it would not answer to put the seed near the

strong ammoniacal fluid, and a few days should be allowed for it to

disseminate itself through the soil. One hundredweight and a half

of the ammoni.acal fluid, and the same quantity of bone ash, might also

be tried on turnips, and should these applications prove successful, it

will be possible to make a mixture as good as Peruvkn guano at a

cost of not more than 8/. per ton.

Mr. Finnic, of Swanstone, has recently called attention to the
existing wastefulness in the use of guano. His advice included the

following particulars :—Government should investigate every source

from which a supply of guano can be obtained ; we should encourage
manufacturers by making trial of other portable manures ; we should

turn our attention more than ever to the dung heap at home ; and,

lastly, instead of employing guano by itself as formerly, for turnips

and barley, on the lighter and weaker description of soils, let farmers
ns« along with it an admixture of other manures, such as bone meal,
dis&lved bones, or even guano of a secondary class ; and for turnips

and pot-itoes on the heavier character of soils, employ along with guano
some other nitrogenous manure, such as rape dust, blowl maniu'e, &c.
Thus :—Superphosphate, along with farm-yard maniu'e, is quite a

sufficient substitute for guano for Swedes. Apply 3 cwt. per acre,

along with 10 or 12 tons of dung. Nitrate of soda, 1 or I4 cwt., is

better applied to com crops, if used in place of guano. 1 4 or 2 cwt. of

sulphate of ammonia per acre is a good dressing for an acre of wheat.

If you can buy good soot at 6d. to 8rf. a bushel, you can find no chtoper
dressing than 40 bushels of that per acre. If you cannot get that,
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lbs.Bones, dissolved in spirits of salt instead of oil of vitriol 18;

Charcoal powder . . .... about 18|
Sulphate of ammonia (gas salt) . . . . about 9t
Common salt about 9|
Gypsum 9|
AVood asbes about 46
Nitrate of soda (cubic petre] 28
Sulphate of soda (Glauber salts) . . . . . 10
Sulphate of magneaia (Epsom salts) . . . .10

100 lbs.

Three or four cwts. of guano, which is the usual quantity applied
one acre, have often proved equal in effect to fifteen tons of farm-yard
dung. Mr. Lawes, an experienced .agricultural chemist, gives the fol-

lowing table of the constituents of these two quantities :

—

Foua Cwts. op Guaso contain

Phosphate of lime 112 lbs.

Ammonia •••••...54
Organic matter 171
Potaib, soda 30

FiPTMCN Toss OF Dqko contaix

rhospbate of lime 100 lbs.

Ammonia 195
Organic matt-::r 8505
Totasb, soda, and silica . .... 1339

Experiments have indeed been made, the results of which showed
that 3 cwts. of good Peruvian guano were equal in theii- immediate
effect to 20 tons of good farm-yard dimg ; but much is required to be
known of the composition of a soil, and of the crops which it is to
yield, before the exact value of any manure for that soil and crop can
be fully settled ; and this can only be ascertained by extensive experi-
ments under every variety of local circumstances. The question may
also arise, whether guano and other stimulating fertilisers do not
exhaust the land while they produce great immediate results. They
may, by supplying ingredients in which the soil is deficient, enable the
plant so to use up others present in the land, that the soil shall be
poorer after the crop has been removed than it was before the manure
was applied. In this way it is that certain " artificial " fertilisers

are called stimulating, and that farm-yard dung is alone a complete
manure.

For various crops the gtiano answers best after vegetation has com-
mence<l ; and it is useful in some cases to apportion the quantity
intended to be used per acre into two or three portions for sowing at

intervals, but the intervals most favourable are not fully determined.
For small allotments or gardens it is often most convenient to use
guano in a liquid state, in which case 4 lbs. of guano may be mixed
with 12 gallons of water, and used after it has stood twelve hours, and
the proportion per acre may be from a half to one cwt. of guano to

IfiO gallons of water.

GQARANINE (C,„N,Hi„0,), a substance identical with theine and
caffeine, and found in the Uuarana officinalis. [Caffeine.]
GUARD is a detachment of troops appointed to watch a position to

prevent surprise, or to take care of stores, baggage. &o.

GUARDIAN, one who has the care of a person and his property,
who, by reason of his imbecility or want of understanding, is in law
considered incapable of acting for his own interest. Guardians in the
English law are appointed only to infants, though under the civil law

N U
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tiiajr w«ra aUo aoigned to idioU, lunatics, women, uid lometimes

prooi^tU. The Uwb of Eugland indent provide for the proteotion of

idiobi and luoktioa, knit the rules relating to them will be more cou-

veniently oonaidered under those hi>.-u)8. luid thervfora we tball here

conrtne our remark* to guanliaiu of iufouta. The guardian undvr the

ciril law wai either a tutor or a curator. [Curator.] Ouardiniu

were appointed either by the will of the father, by the oiipoaition of

the law, or by the magistrato ; and aooordingly, with refereoM to itx

origin, the guardianship wu styled Uttamenlaria, Ugitima, or dtittra.

The nature of guardianship under the civil law is fully explained in the
' System dea Pkndekten-Kuchts ' of Thibaut. i., p. 377.

The usual division of gtumliaus, according to the English law, and
therefore the most convenient unler in which to explain their oQice,

is:— 1. Guardians by the oommon law. 2. Guardians by custom.

8. GuardiaiM by statute.

1. Guardians by the common law were of four kinds : guardians in

chivalry, in socoko, by nature, and for nurture.

Guardianship in chivalry is now nboliuhed by the statuto of 12 Car. II.,

e. 84, which extinguished the onerous portions of the feudal system.

This guardianship arose wholly out of the principles of tenure, and it

coulil only take place wliere the estate vested in tlic infant by descent.

All tenants by knights' service, being males under 21, or females imdor

14, at the ancestor's death, were liable to it ; and it continued over

males till 21, over females till 16 or marriage. It extonde<l over tlie

eetate as well as the person of the infant, and entitled the lord to make
sale of the marriage of the infant under the restriction of not making
it a marriage of disparagement, and to levy forfeitures if the infant

refuaeil the marriage, or married, after tender of an alliance by the

lord, against his consent. The lord was bound to maintain the infant,

but subject to this obligation he was entitled to the profits of the

estate for bis own benefit. This guardianship, being considered more
an interest in the guardian, than a trust for the ward, waa siileablo

;

and if not disposed of, passed at the lord's death to his personal

representatives.

2. ijuardiau in Socage.—This also, like the former, is a consequence

of tenure, and takes place only where lands of socage-tenure descend
upon an infant under the ago of 14. U}iou attaining that age, the

guanlian.«hip in socage ends, and the infant may appoint his own
guanlian. The title to this guardianship is in such of the iufant's next

of blood as cannot have the estate by descent in respect of which the

guardianship arises, lest, it is said, the Iamb should be delivered to the

wolf to be devoured. This precaution springs perhaps from too great

a mistrust of human nature, and it seems that in the early period of

the Roman republic no such distinction was made. No provision upon
the subject exists in the laws of the Twelve Tables—the lawgiver did

not imagine that the life of the heir was in danger, though it was put
in the bands of the person who would reap a beneSt by his death.

(Honteaq., b.'19, a 24.) And even at a suLisequent period no such
rule was known to the civil law ; and indeed such a rule could have no
place in the Roman system of succession. By the laws of Solon, no
one could be a guiu-dian who was to enjoy the estate of the ward after

his death, and such it has been shown is the law of England with
regard to guardians in socage. The laws of Scotland and the old Laws

of France prescribe a middle course : the estate is entrusted to the

next in succession, because he is most interested in preserving it from
waste, but he is excluded from the custody of the person of the ward.

This is the principle upon which the Court of Chancery proceeds in its

management of lunatics and their estates. [Lunacy.] The ' Code
Civil ' of France, b 1, tit. x., ch. 1, 2, '6, has many provisions relating

to guardianships, too numerous to mention here. The guardian in

•oeage is entitled not only to the custody of the person and socage

•states of the infant, but also to his hereditaments not lying in tenure,

and even bis copyhold estates, where no custom to the contrary exists

in the manor of which they are held, and also his personal property.

Tlia guardianship in socage i« regarded as a trust wholly for the
infimt's benefit, and is not saleable, or transmissible, but in the event

of the death of the guardian the wardship devolves' on the person next
in deRree of kindred to the infant, not being inheritable to him,
•ad the guardian is accountable to the infant for the profits of his

Otiardianship in socage is, however, superseded both as to the person
and estate of the infant, if the father appoints a guardian according to
the statute, ai will shortly be mentioned.

3. (luanliaH by Naturt.—This specie* of guardianship has no con-
nection with the rules of tenure. It extends only to the custody of

the infant's person, and lasts till he attains 21. Any ancestor of tliu

infant may be such a guardian, tho first right being in tlio father, the
next in the mother, and if they bo dea<l the ancestor to whom the
infant is heir h.u a right to the custody of bis person. Until 14, it

Menu the guardian in socage is entitled to the custody of the person.

Mid after tliat a^o the guardian by nature.

4. Ouardiant/or nurture are the fither and mother of the infant

;

in default of father or mother, the Ordinary, it is said, may appoint
some person to take care of the infant's )>ersonal estate and to provide
for hi* maintenanoe and education, though this has been doubted.
This spaoias of guardianship extends only to the age of 14, in males
and female*. Both these la«t de*criptions of guardianship are also

aupeneded by the appointment of a guardian by statute.

Where an infant i* without a guardian tiie Court of Chanoary haa
power to appoint one, and this jurudiotion aeem* to have veited m the
king, in his Court of Chanoery, a* Paretu Palriir, ujton tlio abolition of

the Court uf Wanls. [Chakcellok.] And where a pro|>vr case exist*

for the jurisdiction of this court, it will, treating all guardians a*

trustees tor their wards, interfere not only with the ]>rop«rty of the
infant, but also with the custixly of his person, and will, in case of any
misbehaviour, remove a g\iardiaii, however he may have been ap|Kiintvd

or constituted, and will appoint a proper guardian to tho infant in his

room. Of this jurisdintiuu an instance is afforded by the oaae of the

Duke of Beaufort v. Wellesley—where, the father being alive, Lonl
Eldon u|X)n moral grounds deprived him of tho custody of his cliildren

—and this power of the Court of Chancery is now firmly establislieil.

And though the infant may have elected and appointed a guardian,

tliis will not exclude the j urisdiution of the Court of Chancery, but
upon the case being brought before the court it will order an
inquiry as to the fitness of the guardian appointed. All courts

also have power to appoint a guardian ad liltm, that is, to defend a
prosecution or suit instituted by or against an infant. (' Co. Litt.,'

88 b, Hargr. note.)

II. Guardiam by Ciulom.—By the custom of the city of London the

guardianship of orphans under age and unmarried belongs to the city;

and in many manors particular customs exist raUtting to the gu.ardian-

ship of infautfl ; but in the absence of any such, the like nUca prevail

OS before mentioned of guardians in socage.

III. Cluanliam by Statute.—At common lawno person could appoint

a guardian, because the law appointed one in every case. Tho statute

4 .and 6 Phil, and Mary, c. 8, seems to have given some powers to the

fathers of infants to .api>oint guardians ; but guardians by statute aie

now appointed by virtue of 12 Ch. II., c. 24. Under this statute

fathers, whether under age or of full age, may, by deed or will atte«te<l

by two witnesses, appoint any person or persons (except Popish
recusants) guardians of their unmarried children until they attain

21 , or for any less period. A guardian appointed under this stituto

supersedes all other^uardians, except those by the custom of London,
or any city or corporate town in favour of which an exception is made,
and is entitled to the custody of the infant's person, and his estate, real

and personal. If two or mora persons are appointe<l guardians under
the provisions of this statute, the guardianship remains to the survivor.

By the wording of the statute & father alone is empowered to appoint a

guardiiin, and consequently, though the omission was probably imin-

tentional, it has been decided that neither a mother, nor grandfather,

nor any other relation, can make such an appointment. Neither can a
father appoint a guardian to his natural child : but in all these cases

the Court of Chancery will appoint the persons n.amed to be guaniians

if they appear to bo fit persons to exereise the trust reposed in

them.
Guardians are rarely now appointed by infant* themaelva*, the

jurisdiction of the Court of Chancery providing far safer and more
effectual metms for the management and control of their property ; and
since in many cases the Court will interfere by petition without the

institution of a suit, a cheap and speedy mode of procuring its inter-

ference is afforded. The guardian is considered a* a trustee for his

ward, and is accountable for the due management of the infant's

property, and is answerable not only for fraud, but for negligence or

omission.

IJuardiait of the SpiritualiHes i* the person to whom the spiritual

jurisdiction of any diocese is committod during the vacancy of

the see.

Guardian of the Tempon^iet is he towhom the temporal jurisdiction

and the profit* of the see are oommitted during the like period.

The words guardian and warden are of the same signification : indeed,

they were formerly used indifferently. Thus the warden of the Cinque
Ports was styled guardian, or in the old French, gardeyn, and church-

wardens, gardeyns del Eglise. The Welsh word qward is the same as

the English guard.

OUELPHSand GHIBELLINES, the names of two great political

parties which divided Italy and Qermiuiy during the middle ages,

became first knowTi as the watchwords of their respective adherents at

the battle of Winsberg, in Suabia, between two rivals for the Imperial

throne, Conrad, duke of Franconia, and Henry the Lion, duke of

Saxony, of the house of Guelph, Welf, or Wiilf. Welf, who was
young Hcniy's imcle, fought on behalf of his iie|ihew, and his name
was the war-crj' of his followers ; whilst those of C<mra(l took for their

rallying word tho naiue of Waiblingen, a town of Wilrtemberg, and tho

patrimoniid seat of the Hohonstaufen family, to which Conrad be-

longed. [CuNliAD III. in Bioo. Div.] In course of time the name of

Guelphs was given to all who were disalTected to the Emperor, oud that

of C^ibtillines (which tho Italians h.wl forme<i from the German
Waiblingen) to the supporters of the Imperial authority ; and as the

po|>es, reviving their old rivalry with the empire, encotiTagcd and
sup[H>rte(l the <Uwiircctcd Ouelphs, they became at last the leaders of

that liarty, and the Italian cities were divided between the adherents

of the pujies and those of the emperors. The names of Ouelphs and
Ghibellincs were not however generally adopted in Italy till the reign

of Frederic II., when Italy was divided, as it were, into two camps;
some cities, such a* Florence, Milan, Bologna, ranging themselves on

the Guelph aide, while Pisa, Areizo, Verona, and others, remained
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Ghibelline. The OhibeUines adopted as a symbol a white rose or a red

lily ; the Guelphs chose the eagle, already the arms of the Guelph
family. But in the long struggle that ensued many alternate changes

took place in each city, where sometimes the Guelphs, and sometimes

the Ghibellines, gained the upper hand. [Flobexck ; Genoa, History
OF, in Oeoo. Drv.] Most of the powerful nobles in Northern Italy,

the Viaconti, Doria, Delia Scala, Pelaviciuo, were Ghibellines; the

Anjou dynasty, which the popes had called to the throne of Naples,

were the main support of the Guelphs. As the emperors, engrossed by
their German alfairs, neglected and dropped their hold upon Italy, the

names of Guelph and Ghibelline lost their original meaning, and the

struggle became one of personal or municipal ambition among the

Italians themselves, the Ghibellines being for the most part animated

by a spirit of aristocracy, the Guelphs professing to be favourers of a

popular form of government. [Daste, in BlOG. Dr\-.] But even this

distinction was often belied by facts, and the leaders of the Guelphs

in some towns tyrannised over their countrymen ; whilst in some
instances, as at Genoa, the Gliibellines formed really the popular party.

In the 15th century the names of Guelphs and Ghibellines had become
a mere traditional shadow, and at last the popes themselves united with

the emperor in extinguishing the independence of the Italian republics,

without distinction of parties. (Sismondi, ' History of the Italian

Bepublics ;' Rauraer, ' Geschichte der Hohenstaufen.)
The House of Guelph, originating in Italy, settle<l in Germany In the

11th century, and very shortly acquired large territorial possessions.

From this family has proceeded both the lines of Brunswiek-Oels and
Luneburg ; it gave emperors to Germany, dukes to Saxony, Carinthia,

and Bavaria; one branch became also Dukes of Este in Italy, and the
House of Hanover clxiims descent from both branches. [Brunswick,
Bistort op, in Geoo. Div. ; Este, in Bioo. Div.]

GUERITE is the term applied in fortificition to the projecting

masonry sentry boxes to be seen in many old fortresses, at the salient

angles of works on the top of the revetment. They are provided with

loop-holes, so as to enable a few men in them thoroughly to command
the foot of the escarp along the whole extent of the face. They have,

however, the disadvantage of enabling an enemy the more easily to

take up the prolongation of works to place his enfilade batteries, by
giving well marked points at the extremities of the faces : they have,

therefore, not been much used of late years.

GUILDS. [MuMciPAL Corporations.]
GUILLOTINE, an instrument for the infliction of capital punish-

ment, proposed to the National Assembly of France by Joseph Ignace
Guillotin, a physician, a native of Xamtes, and a member of the
Assembly ; and which from him took its name. It was adopted by a

decree of the 20th of March, 179*2, and used for the first time on
April 25tb.

This instrument, under other names, bad existed as a means of

public execution long before, in Germany, Bohemia, Italy, Scotland,

England, and even in Persia and India.

Crusius in his ' Annales Suevici,' fol. 1595-6, torn, ii., p. 296, says,
' Antiquis autem temporibus, in Oermania etiam, decollatiu non gladio

fiebat, »ed quemo ligno, habente scindeus acutiasimi ferrum. Addit
Widemannua, se vidisse tale instruraentum Ualsc in vetere Nusodocheo
(Siecbaus) priusquam id destrueretur : et hodiemum ibi scdilicaretur.

EOerebatur inde ilia machina, si quis plectendus esset : siipplicioque

peracto, eodem referebatur."—" Postea usus gladii successit.

In German this instrument was called der Planke der IMil (the plank
of wood), and in older language PaltiM (the fulling hatchet). In Bohe-
mui it was called llagtr, something akiu to the plank. In Italy it was
known by the name of Mannaia, and an engraving of it may be seen

in ' Achillis Bocchii Bonon. Symbolicarum Questionum,' lib. v., 8vo.,

Bonon, 1555, p. 36. There is a very beautiful engraving of the
(lerman instrument in a representation of the beheading of the son of

Titus Hanlius, by Henry Aldegrevers, dated 1553. Evelyn, in his

'Memoirs,' vol. l, p. 170, states that he saiy a similar instrument at

Naples.

Pennecuik, in his ' Description of Tweeddale,' pp. 16, 17, speaking of

tbo Regent Morton of Scotland, says :
" This mighty earl, for the

pleasure of the place and the salubrity of the air, designed here a noblo
recess and retirement from worldly business, but was prevented by his
unfortunate and inexorable death, three years after, anno 1581, being
accused, condemned, and executed by the Maiden at the Cross of
Ediuburgh, as art and part of the murder of King Henry, earPof
Damley, father to King James VI., which fat.il instrument, at least

the iKittem thereof, the cruel Regent had brought from abroad to
behead the Laird of Pcnnec<iik of that ilk, who notwithstanding died
in his bed, and the unfortunate earl was the first himself that hand-
selled that merciless Maiden, who proved bo soon after his own
executioner."

In England, what has been since called the Guillotine was used
only at Halifax in Yorkshire, and confined even there to the punish-
ment of felonies committed within the forest uf Hardwick. Its use at
llaUfax is traced as far back as the time of Edward III. It was in

1 ti50 that the last malefuctoni there suffered by it. (Watson's ' Hist,
of HaUfax,' p. 2U-239.)

Joseph Ignace Guillotin, who revived the use of this instrument, in

France, is supposed, by many, to have perished at a later period of the
Serolution, luce the Regent Morton, by his own invention. But this is

not correct. He died a natural death, 26th May, 1814, at the age of

76. {' Biogr. Uuiverselle.')

GUINEA. [Money.]
GUITAR, a musical instrument which, in various shapes, may be

traced to the remotest periods of antiquity. The word is derived from
the Greek (tiflipa, and comes immediately to us through the French
Guttare, though it is nearly the same in the Italian, Spanish, and
German languages. The terms Cittern and Gittern, used by the old

English poets, are but corruptions of the primitive word.

"The English and French guitar of the last century was wide and
thin in body, short in the neck, and strung with wire. The modem
guitar, which is of the Spanish kind, and dilTering little from the lute,

consists of a body from seventeen to eighteen inches in length, four in

depth, and of a neck of about sixteen inches, the latter carrying a

finger-board divided by seventeen frets. It has six strings, tlu-ee being

of silk covered with silvered wire, and three of catgut.

The compass of this elegant instrument is from E below the base

staff, to A above the treble staff, including all the intermediate tones

and semitones. The best and cheapest guitars are made in Germany,
and may be purchased in London at a moderate price.

GUM is a proximate principle of vegetables, of more universal occur-

rence than any other secretion by plants. It is in reality the material

generally prepared by them for their own giowth and nourishment,

and is at first always in a state of solution, in which condition it mostly

remains so long as it is contained in the internal titsues of plants ; but

when it escapes to the exterior of the bark it frequently becomes

thickened, and even solid and pulverisable. It is probable that it

never escapes to the surface unless some wound of the bark has been

made, either by disease, the punctures of insects, the agency of fungi,

by the knife, or by the more rapid growth of the inner wood, pro-

ducing by its distension a rupture of the bark. The escape of the

gum termed cerasin from plum and cherry trees may alw.ays be

regarded as an indication of unhealtlainess ; the immediate cause of

escape is the presence of a small corkscrevv-like fungus termed
Nwmaspiira crueea.

Gum is known in commerce only in the solid state ; the term is

often erroneously applied to substances which are a mixture of gum
with resins, and which are properly yum-re»int, such as ammoniacum,
asafoctida, and the Uke, and even to substances which contain no portion

of gum, such a4 euphorbium.
Arranging the gums according to the facility with which they are

acted upon by water, we have at one end of the list gum-acacia, or

gum-arabic as it is most usually called, and at the other end guni-

tragacanth. Gum-arabic foi-ms a perfect solution with even cold water,

and to this variety of gum the tei-m anibin is given
;
gum-tragacauth

on the other hand, though swelling up uumensely when digested in

water, and at first sight appearing to form a solution, does not really

dissolve, but forms a thick mucilage, and to this modification of gum
the term bmtorin is applied. The derivation of the name arabiu is

obvious, that of bassorin is obtained from Iximora gam, a variety of

tragocanth that comes from Bassora, and which contains scarcely a

trace of arabin. Other members of the series of true gums are

mixtures in variable proportions of these two gum modifications.

ilraiin (C,,H,,0„) is colourless, tasteless, and inodorous. Specific

gravity, from 1-3 to 1 -5. It is uncrystallisable. Its solution slightly

reddens litmus-paper, and rotates to the left a polarised ray. Dilute

sulphuric acid converts it first into dextrin and then into gi-ape-sugar
;

strong sulphuric acid carbonises it : nitric acid converts it into luucio

anil oxalic acids. It forms soluble compounds with the alkalies and

alkaline earths. It is precipitated from solution by persalts of iron,

proto-salts of mercury, and subsalts of lead. The reaction with per-

salt of iron is characteristic of arabin ; if the solutions are strong,

a brown gelatinous precipitate is formed, soluble with difficulty in

boiling water; if the solutions are weak, a yellowish precipitate is

produced only after the lapse of some time ; thus one part of gum-

arabic in 100 parts of water gives a precipitate with persulphate of

iron after the mixture has stood for twenty-four hours.

Bassorin is soluble in dilute acids or alkalies, and by very long

boiling even in water, but in each case it is prob;ibly converted into

arabin. Like arabin it is insoluble in alcohol or ether, and is o.xidised

by nitric acid to mucic and oxalic acids. The presence of bassorin

gives the peculiar muoikginous or viscous consistence to the decoctions

of linseed, quince-seed, marsh-mallow root, &c.

Most of the commercial gums are obtiiined by incisions miule in the

bark of several species of acacia growing in Arabia, India, Upper

Egypt, Senegal, &c. The specimens difler considerably in colour, even

when obtained from the same species. Genuine gum-arabic occurs in

pieces from the size of a pea to that of a walnut, or larger, which are

irregular in shape, or roundish or angular ; either white, yellowish, or

dark wine yellow ; scarcely any odour ; taste mawkish, glutinous.

Sp.gr. 1-316 to ViU'i. It breaks easily into suiall irregular pieces;

fracture uneven, vitreous; dissolves .alniost completely in water ; 100

parts of water at 212° of Fahr. take up 10 parts of gum. The solutiou

is almost transimrent when made with cold water. Gum, when in

powder, is often adulterated with starch, the presence of which is

detected by tincture of iodine j or when cold water is used f(jr the

solution of the ginn,the starch will remain imdissolved. The mucilage

made with ould water is not only purer, but keeps better, and for ill
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puipoMt for wbidi it can be uaed is preferable to Uut nude with warm
water, whicb is thv common method.
Qum ia not very eaailjr digested when taken alone, and will often

paai through the atomaoh nearly unchanged, if not aaooiated with

•ome bitter or actringent principle. Mence the advantage of houic

bitter extnotive or astringent principle, either in the graaKi* thi<m-

dvea or in other planta, such as lormeniil or lesaer cattaun/, inter-

mwed in the pastiue landa of cattle. (See Davy, 'Agricultural

Chemistry;' or Sinclair, 'Hortus Oramineus Wobumensia.') This

property, however, renders it demulcent in affections both of the

throat and also of the intestines, by sheathing the membrane from air

or the irritation of acrid secretions. Hence allowing a portion to dia-

soIt* alowly is often useful in common colds. Mucilage is also used to

aoapend many insoluble matters in water. Its aggluUnatiug properties

render it valimble in many of tlio arts.

OUM'RESINS are sea-etiuns of planta which are produced in the

greatest quantity, and most ]ierfectly elaborated, in warm coimtries.

They are obtained chiefly from trees and shrubs of ]>articular tribes of

jdaots, rarely from herbaceous planta, except the large herbaceous
VwtbeUi/ertT, which yield the fojtid gum-resins. They either exude
spontaneously, or are procured by incisions of the stem and branches.

Wheu they first escape to the surface they are fluid, and of a light

colour, but gradually harden, and become of a deeper hue, either by
the evaporation of some of their volatile oil, or by the absorption of

oxygen from the air, and the conversion of the oil into a resin. Some
remain in a semi-liquid, viscid state, such as sagapenum and galbanum,
which are only ptilverisable in winter. Host gum-re^iim possess a

strong odour, which in many instances is disagreeable, such as that of

•safoctida, with a warm acrid taste, and by applicition to the skin for

•ny considerable tuue they cause redness and inflammation. Owing
to their composition being a mixture of gum and resin, they are not
completely soluble either in water or absolvite alcohol, but are perfectly

dissolved in proof-spirit, which is much employed to prepare tinctures

of this class of substances. The gum being soluble in water is capable

for a time of holding the resinous portion suspended in water, thereby
forming an emulsion,—a state which permits of their administration,

if used soon after being prepared ; for by rest they separate. Many of

them are soluble to a certain extent in acetic acid, especially when
assisted by heat. The strong mineral acids char them and produce
chemical changes. Many gum-resins are popularly termed balsams, a
designation to which they have no title, as they do not contain benzoic

acid.

Gum-resins are with difficulty soluble in the animal juices, yet, as

they m<ist be assimilated before they produce their characteristic

effects, they require to be used for some time before the secretions of

the body acquire their peculiar odour. They influence the secretory

and excretory processes, which they rouse to coutinued actiou. They
also act upon the skin as sudorifics, and more permanently than the
volatile oils. They manifest their beneflcial effects chiefly when the

skin is cool, pale, and in a state of atony ; and they can even check
profuse perspiration, when this is caused by the lax state of the

cutaneous tissues. They are likewise possessed of considei^ble anti-

spasmodic powers, and hence are much used in nervous complaints.
They greatly promote digestion when the stomach is feeble, owing to a
defective supply of nervous energy. Their utility in the treatment of

hysterical and other paroxysms is very much increased by adminis-
tering them in a state which ailniits of ready solutiun in the gastric

fluiils ; hence the acetous preparations of them are much more potent

than any other form. They may be administered either by the moutli,

or, in case of spasm closing the teeth, or the patient being refractory,

in the form of clyster, the dose being doubled in the latter instance.

Oum-rcains are likewise appUed externally, owing to their rube-

fadeiit powers, in the form of liniments or plasters, in sp-ismodic and
rheumatic affeetions,and also to assist in dispersing indolent tumours.

Qum-resins should be kept in cool well-closed places, to prevent the
evaporation of their volatile principles.

GUMS AND OUMTKAUE. Professor Solly, in a paper on the
subject of Gums, read before the Society of Arts, recommended to

drug-brokers the adoption of a more exact chissification than at present
prevails, between gums, resins, and gum-resins. Dealers and brokers
know very well wh.it they mean ; but they arc not so precise as

chemists in the nomenclature adopted. The distinctions recommended
are as follow. O'umt to cum|>rise those natural vegetable exudations
which soften or dissolve in water, and yield a more or less perfect
muciUee, but which are wholly insohi)>le in spirit ; mint to comprise
those fusible and combustible vegetable substances which ore (juite

insoluble in water, but which soften and dissolve in spirit, ether, or
essential oil ; and gum-retim to comjjrise those natural products which
are intermediate in properties, and partake of the nature both of gums
and resins, being partially and imjicrfectly soluble both in water and
in spirit.

Different kinds of gum, llmituil and defmed as above, are extensively
used in the arts, especially in finishing and giving lustre to crape and
silk gowia, and in numerous pn>cesses of calico printing. One kind
alone. Gum tkm'jat, has been imjiorted by a, single Liver|>ool firm
to the value of 1 OO.OUO/. in three yearn ; and the export of gum
from Alexandria has often reached 140,000/. per annum. The Cape
colonists estkblished a trade with the Kaffirs, a few years ago, for gum

which was obtained from the suaieM tree, and which was sent to

England for the uss of ealioo printen, ealsoderers, envelope makers,

&0. ; the trade afterwards fell off, through the invention or discovery

of BritUk .'/nm, presently to be described. Ths east and west shores

of the Red Sea are the chief sources for ffum arabie (which sosroaly

differs from gum Senegal) ; from two to three hundred tons pass

annually through the Custom Hoiue of Aden alone. Lduge quantities

are collected by persons in the employ of the Egyptian government,

and brought in caravans to Cairo to be warehoused ; in recent years,

the quantity has averaged about 20,000 packages of 78 lbs. each. The
produce of Morocco is packed in very large leather sacks, and conveyed

on the backs of camels and bullocks to the ports, where it is solil to

English and French merchants; during the whole time, from the

collecting to the sale, including the land journey, the natives hve

almost wholly on the gum, a few ounces being sufficient to support a

man for twenty-four hours. A gum exuding from the Macarang or

Indica in Travancore, is oocaaionally used for taking impressions of

leaves, coins, medaUions, 4a ; when this gum is pure and carefully

prepared, the transparent casts are as sharp ss those of sulphur,

without its brittleness.

The gums proper are most hugely used in the stiffening of textile

materials ; the resins proper are, for the most part, used in the making
of varnishes and lacquers, in dyeing, in p^>er-msking, and in making
sealing-wax. The gum-resins are mostly used in medicine. Many
of these substances are of sufficient importance to occupy separate

articles in this diviraon of the CyclopiiKlia ; while the general cha-

racter of the uses of others can be inferred trom the observations just

made.
For some delicate processes in the arts, gum arable and gum Senegal

require to be purified. The following is one mode, patented a few years

ago, for effecting this :—A solution of purified sulphurous acid gas

being prepared, the gum is dissolved in it, with exclusion of atmos-

pheric air. The earthy and ligneous impurities fall to the bottom ; the

colouring matters combine with the gas ; and the carbonic acid is

driven off by the application of heat. Carbonate of baryta, or some
other soUdifiable base, is added ; this combines with the sulphurous add
and forms a neutral salt. The solution is then filtered through a pure

gelatinous hydrate of alumina ; and is finally dried by heat, either in

the open air or in vacuum pans.

Mention was made above of Brituh mm, as a substance which has

lessened the use of foreign gums in this country. According to an

account given by Mr. Simmonds, a fire on one occasion broke out in a
potato-starch manufactonr in Dublin. The burning building was
deluged with water by the fire-engines, and the starch was washed
about in every direction. One of the workmeu fell down, and had his

clothes soaked with the calcined starch and water. He thought no
more of it till the next morning ; when, upon dressing himself, ho

found the sleeves of his coat, the legs of his trousers, and the linings

of his pockets, glued up so that he could with difficulty oi%n them.

On revisiting the scene of the fire, he discovered that the glutinous

properties were possessed by the potato starch ; and by a few simple

experiments, a discovery was completed which has resulted in large

profits. Uuder the names of Jiridth guvt, iltxtrine, and yum-tabtiitule,

a new substance appeared in commerce, and became largely employed

in the arts. It is nearly equal to gum arable in adhesiveness, less

affected by climate, and less than one-fourth of the price. It forms

the main ingredient in the adhesive composition for envelopes and
postogC'Stsmps. For the chemical qualities of this substance, see

Dextkixe.
It is not easy to state the quantity and value of gums, resins, and

gum-resins imported into this country, and mostly used here in

manufactures and in medicine. They are scattered about under so

many headings in the official lists, and are entered under such diflcrcnt

forms, that they can scarcely be recorded collectively. The Liverjiool

importation amounted, a few years ago, to 2200 tons annually, including

the heavy items of turpentine, resin, caoutchouc, and gutta-percha;

but the importation of the last two substances has sinoe prodigiously

increased. [Caoutchouc; Gutta-Pkbcha.] Four of the most costly

substances in the above list, those which present the most value in the

smallest space, were imported into the United Kingdom in the

following quantities and values in 1856 :

—

Cwts. £.

Gum copal . . .

Gum arabie . . *

I.ao dye .

Shell lac .

Many varieties of gum are included in the official entry, Qum
arable.

GUN is a term now generally applied to the larger description of

firearm, but as a description of the principal varieties of fire-arms,

both large and small, with notices respecting the dates of their inven-

tion, Ih given un<ler Abmh and Autili.eiiv, ami under Cannos is an

account of the manufacture of great guns, we shall hero supply a
notice of the manufacture of the smallor kinds of fire-arms, to which

the names of musket or uiusquet, fowling-piece, &o. are appUed.

The rise of the gun-iuanuf.icture in binningham, which is its prin-

cipal seat iu this countiy, appeors to date from about the commence-

6,300 16,700

70,900 130,800
11,000 37,800

14,800 34,700
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ment of the 18th nentury. Hutton, in his 'History of Birmingham '

(pp. 78, 79, of the edition of 1781), relates that, according to tradition.

King William III. was once lamenting that guna were not manu-
factiu-ed in his own dominions, but that he was obliged to procure

them, at great expense, and "with greater difficulty, from Holland

;

when Sir Richard Newdegate, one of the members for the county,

who happened to hear him, observed that genius resided in Warwick-
shire, and that he thought his constituents would answer his majesty's

wishes. The king being pleased with the remark, the member posted

to Birmingham, where the pattern was executed in such a manner as

to give entire satisfaction. Large orders were immediately given, and
these were so frequently repeated that, to quote Button's quaint

expression, the manufacturers never lost their road. From notices in

Macpherson's ' Annals of Commerce' it appears that about 1787 the

manufacture was prosecuted with great activity for the supply of

foreign markets, the manufacture of Birmingham guns for the African
market being estimated to give employment to between four and five

thousand persons. By one of the strange perversities of tafste, of

which many examples may be foxmd in the history of maniifactures,

guna marked " London " were long preferred to those marked " Bir-

mingham," not«-ithstanding the well-known fact that Birmingham
was the chief seat of the manufacture. The Birmingham manufac-
turers were thus induced to stamp their goods as if made in London ;

and when, in 1813, a bill was brought into the House of Commons to

compel every manufacturer of Bre-arms to mark them with hia real

name and address, they took the aUrm, petitioned against the bill, and
instantly subscribed a large sum to defray the expense of opposing it,

urging that they made the component parts of the London guns, wliich

were, in fact, only put together and marked in the metropolis. The
bill was defeated, and shortly afterwards the Birmingham gun-makers
were allowed to erect a proof-house of their own, and to mark their

guns, after being subjected to the proof required by the Board of

Ordnance, with a distinguishing stamp. Holland, in the work referred

to at the close of this article, gives some curious information respect-

ing the extent of the gun-manufacture of Birmingham, both during
the protracled war in which England was involved at the commence-
ment of the present century, and more recently, when English
artisans have been employed to meet the demands of foreign states.

From his statements, founded upon authorised retunu, it appears that
more than two-thirds of the firearms made for the Board of Ordnance
were svipplied from Birmingham, and that the stands of arms fabricated

there for the British government in the years 1812 and 1813 ainounted
resi)ectively to '288,7-41 and 320,643. During the period of greatest
activity it is said that the Birmingham manufacturers produced a
musket per minute, which is not an extravagant assertion, seeing that,

supposing the work to be carried on for sixteen hours every day in the
year, Sundays excepted, the number produced at that rate would be
300,2J0, or rather under the number supplied to the government alone
in 1813. The contract price at that time was 36«. a gun ; but with
the i)eace came a great falling off in the demand, which led many gun-
smiths to abandon the trade, and caused a great reduction of price.

In 1830 the Birmingham gun-makers contracted with the French
government for the supply of 140,000 stands of arms at the price of
about 28 francs, or rather under 23«. per gun, and even that price,
Holland states, waa considered Uberal. It has been repeatedly stated
by M'Culloch and others, that between the years 1804 and 1818
Birmingham supplied to government and- the private trade nearly
6,000,000 fire-arms; and Barlow, quoting from authentic documents,
ahowB that between 1 803 and 1818, the mmiber of fire-arms received
and issued by the British government amounted to 3,227,716 muskets,
118,103 carbines, 27,895 rifles.and 203,266 pistols. In 1813 our allies

alone were furnished with 500,000 muskets.
The meet essential part of a gun is the barrel, or cylinilrical iron

tube, closed at one end, in which the explosion of the gunpowder is

produced, and through which the ball or shot is projected. The
interior of the barrel, which is technically calle<l the bore, is in the
musket a perfect and smooth cyUnder, but the exterior is maide slightly
conical ; that Is, roughly proportionate at each point to the disruptive
force of the gunpowder, thicker at the ftreecA, or closed end, where this is

greatest, and tapering to the muale where it is least The very severe
trials to which the barrel of a gun is exposed in use, and the fearful
results which attend its bursting, render it in the highest degree
important to use none but iron of goo<l quaUty in the manufacture,
and to work it in such a way as to render the chance of failure as
remote as possible.

Military muskets generally, and the cheaper descriptions of other
gun«, have their barrels formed of tenacious soft iron, which is wrought
or rolled into the form of flat bars, called sk-elpt, each of which is sufli-
cieftt to form a single barrel. The length of a skelp is usually about
three feet, and the breadth about four inches at one end, where also it
has increased thickness or substance to form the breech of the barrel,
but gradually tapering to about two inches and a half at the other end',
which is to form the muzzle. Until about the year 1811, skelp.i were
usually manufactured by means of the forge-hammer ; and .is consider-
able skill was required to ensure the regular gradation from the thicker
to the thinner end, the workmen employed in forging them were able
to command good wages. In the above year, however, in conseqaence
of a strike among the »keli)-forgerg for what was consideied an exorbi-

tant advance of wages, a method of fashioning them by rollers was
introduced, it occurring to the inventor, according to Babbage's account,
" that if the circumference of the rollers between which the bar-iron

was rolled, were to be made equal to the length of a skelp, or of a musket
barrel, and if also the groove in which the iron was compressed, instead

of being of the same width aud depth throughout (as in the ordinai-y

manufacture of bar-iron by rolling), were cut gradually deeper and
wider fi-om a point on the rollers, until it returned to the same point,

then the bar-iron passing between such rollers, instead of being uniform

in width and thickness, would have the form of a skelp." The experi-

ment succeeded, not only in effecting a gie.it saving of labour, and
rendering the manufacturers independent of the refractory workmen,
but also in producing skelps of superior quality. " The pure metallic

jxirticles," according to Holland's accouilt of this invention, for which

a jiatent was obtained by a Staffordshire ironmaster named Bradley,
" being compressed by the rollers both edgeways and flatways at the

same time, cohere more closely together ; nor are the skelps so liable

to veins or flaws as those which are edged up in a less hot state under

a forge-hammer." The barrels made of them are said also to turn

clearer aud sounder than those forged by hand.

In the old method of welding the skelps into barrels, the thicker

end %vas first heated to redness, and then hammered upon a groove or

hollow cavity in the anvil imtil the edges were turned up. A mandril

being then inserted in the concavity between them, the edges were
turned over aud welded together by the hammer. By the repetition

of the like process upon a length of two or three inches at a time, the

skelp was gradually converted into a tube or barrel, each of the lengths

thus separately welded being exposed to two or three welding opera-

tions, with alternating high and low h&its, the latter being intended

to correct defects occasioned by the former. Several attempts were
made to substitute the action of machinery for this tedious aud
latiorious process, in one of which, pateirted in ISll by Messrs. James
and Jones, and described by Holland, the power was applied by a

series of automatic hammers. Little, however, was done in bringing

any such process into operation until a combination was formed among
the welders, similar to that above referred to among the skelp-forgers,

and which, if successful, would have caused the completion of a large

contract which was then being executed to be attended with a very

hea^-y loss. A method which had been patented some years before by
one of the contractors, but which had not then been brought into

satisfactory operation, was resorted to under this difficulty, and the
resiJt was, that barrel-welding by rolling machinei-y soon, in a great

measure, superseded the old process ; and the manufacture of iron

tubes of lighter character, suitable for gas or water pipes, by a similar

process, was subsequently commenced. " Babbage, whose account of

the introduction of this process we have quoted, observes that the
combining workmen were thus permanently reduced to a lower rate of

wages, and that as the new method of welding was far less injurious to

the texture of the iron than the old, in consequence of the iron being
exjjosed only once, instead of three or four times, to the welding heat,

the public derived advantage from the superiority as well as from the
economy of the process. Babbage does not mention the name of the
person to whom the introduction of this improvement is due; but
Greener, in his account of the same circumstances, attributes it to the
late Mr. Clive, who was an extensive manufacturer of iron for gim-
barrels, and states that the jealous opposition of the trade to his

innovation led the Birmingham gun-makers to combine not to use
his iron.

The most recent and authentic account we have seen of the modem
improved method of barrel-welding is that communicated by Mr.
Lovell, director of the royal anns nmnufactory at Enfield Chase, to
Ur. Ure's ' Dictionary of Arts, Manufactures, and Mines,' imder tho
title ' Fire-Arms," where this method is said to have entirely super-
seded that of skelp-welding by hand. From this article it appears
that, instead of being formed of skelps forged nearly to the intended
length of the barrel, barrels are now made from flat bars of thoroughly
refined iron, cut by shears into slabs ten or twelve inches long, and
weighing from ten to ten and a lialf pounds, or less, according to the
kind of barrel to be made. " These slabs, after being cut from the
bars, are heated, and, to adopt Mr. Lovell's langu<tge, ' bent in their

whole length, by means of conveniently grooved bending rolls, until

they assume the form of rough tubes,' their opposite edges being
brought to meet without overlapping. These tubes are then laid upon
the hearth of a reverberating furnace, and brought to a full welding
heat ; and aa soon as the edges come to a semi-fluid state, they are

taken out and passed between grooved rollers, the grooves of wliicU

are rather smaller than the exterior of the tube. By this means the
tube is perfectly welded from end to end, and if the heat bo properly
managed, and the juncture kept clear of dirt and cinders, the iron will

become perfectly homogeneous in every part, without any apjwarauco
of the seam where the edges come together. The tubes are repeatedly
heated, and passed through gradually decreasing giooves in the rollers

;

.and to preserve their tubular form aud ensure regularity in tho hore,

or interujU dimensiou, during the welding proces.s, they are tixkfu out

of the furnace .and applied to the rollers, by means of a ni.iudiil con-

sisting of a long iron rod considerably smiUler than tho bore, but
having at the cud a short steel treblett made exactly the size that tho

barrel is intended to be. By a simple contrivance it is arranged that.
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while the tube ! pwaing between the roUan, the treblett shall alwan
be immiMlUUily between them, lo u to keep the bore open. The
adhesion of the hot metal to the nu-faoo of the roll* or rollers U aufli-

<ient to draw the tube off the maoilriL By a luoaeaaion of rulUngs the
barrel is aloDgkted to the requirud length, and brutigbt down to the
required dagrae of tenuitr ; and if there bo any iiurpluii metal, it ia cut
off from the munia end. Uun-batrela formed in thii way are found
to stand proof better than thoie wrought by band, baoauM the hbat u
more equaliaad, and, in conaequenoe uf the great elongation between
the nllen, any Imperfectiona in the original maaa of iron are diipersed
over a graater aurfaca."

All the proceMM hitherto deioribed relate to the manu&cture uf
what are termed plain barrels ; but some of the moBt curious o]>era-

tioni in the gun-maker's art relate to the manufacture uf the superior
kind of barrel c.illed ltei$ted, of whioh there are many varieties. In
all of these the material of which the barrel is composed is ruUed or
foiged into narrow bars, about equal in thickness to tbo iutendtxl
substance or thickness of the barrel, and varying in width from about
thrae^ighths of on inch to an inch or more. One of those narrow
rods or ribands of metal, being modemtely heated to increase its

pliancy) is wrapped spirally round a oyliudrical mandril about the size

of the bore of the intended l>arrel, in such a way as to form a tube,
which may be slipped off the mandril at pleasure. As the rods are not
usually made of sufficient length for one to form a barrel, several are
usually joined end to end, those which form the breech being thicker
than those at the muaale end. In this state the barrel is a coil of
metal somewhat resembling, on a large scale, the kind of spiral spring
employed by bell-hangers as a chuck-spring. It is then heated to
welding heat, and forged into a solid or continuous tube, partly by
hammering upon a mandril, and partly by what is termed yiim^ini/, or
striking the eml of the barrel upon the floor, by whioh the edges of the
helical or sjiiral rod are brought into very close contact, and eventually
incorporated together. Many successive heats are, of course, necessary
in this operation, and the welding proceeds only two or three inches at
a time.

The manufacture of the numerous varieties of twisted barrel ia very
minutely described in Greener's works, entitled ' The Gun ; or a
Treatise on the various descriptions of small fire-arms,' and ' The
Science of Gimnery, as applied to the use and construction of fire-arms,'

especially in the first meutioned, which contains many curious details

upon the various kinds of iron employed. From these it appears that
considerable difficulty has arisen from the circumstance that, as the
progress of science has enabled manufacturers to produce articles of

common use of very inferior (|u<ilities of iron and steel, the common
scrap iron and steel, which consists of fragments of such articles when
broken or worn out, and which is much sought after by the makers of
gun-barrel iron, is verj- inferior to what was procurable a few years
since. Even horse-nails, that is to say, the nails employed for fi.xing

horseshoes, and which when worn out are collected with avidity as

furnishing one of the best descriptions of scrap-iron, under the name
of hoTK-nail itubi, are now difficult to be procured of the quality
required for making gun-barrels, since many of those usetl in this

country are now made of malleable cast-iron, and a few such mixed
with others would spoil the iron for the purposes of the gunsmith.
Wirt-itcut is the technical name given to an excellent kind of twisted
barrel, which by some ignorant dealers is supposed to be really

fabricated of wire. Such barrels are formed of very narrow rods of

compound metal, composed of alternate bars of iron and steel forged
into one body, and then rolled out to the requisite tenuity, when the
edges of the rods, which are brought to the surface of the barrel, will,

on the application of a corrosive liquor, which acts differently upon
the two metals, present a fibrous or wiry appearance. In forming a
barrel of such rods care is taken that the adjoining edges of the spiral

ba alternately composed of iron and steel, so that the pattern may have
a uniform appearance, although the difficulty of welding is thereby
increased. Oamatcm barrels, or rather such as are manufactured in

this country under that name, are composed of similar metal, but the
rods ore twisted upon their own axes uptil their component fibres or

UminiD have from twelve to fourteen tui-ns in an incli, and the rods
are thereby doubled in thickness and pro[>ortionately reduced in

length. Two such rods are welded together side by side, their respec-

tive twists being reversed. Barrels made of rods of Damascus iron
have a very pretty appearance ; but, as Greener observes, the metal is

ooDsiderably weakened by the excessive twisting of its fibres, on the
soma principle, though not to the same d^ree, as a rope is impaired

by over-tMisting. Uf this point Greener gives illustrations in the
results of numerous experiments ma<le by him on the cohesive strength

of various kinds of iron. Stult barrels are formed of horsunail stubs,

olaaoad to brightness by friction in a machine, and mixed with
fragments of steel, usually of old coach-springs cut up into little bits

raaembling the stubs. These stubs and scraps are wedged comjnctly
into a hoop or ring, which holds them together while they are exposed
to welding heat in a furnace, and welded into a compact mass called a

bloom, which Is drawn out by rollen into the narrow striiM required

for making twisted barrels. Greener states that the usual proportions

of this compound metal ore fifteen pounds of steal to twentv-five
pounds of ironnrtubs ; but he thinks the proportion ci steel might be
increased with adrantage. Attempts to moke barrels of steel alone
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have frequently foiled owing to its hardness. " It Is not," he obaervaa
in ' The Gun, " sufficiently tenacious of itself, from its fineness of
grain, to resist the sudden explosion of guuiH>wder." He states that
when steel barrels hare been found to stand jiroof, their shootimr
power* have been foun<l very great, a circumstance which
encouragement to effurto fur introducing them. Some nukei
tried to make iron barrels with an inner tube or lining of steel ; but
this appaon objectionable, beoauae the two metals thiu used, do not
spring together, although when combined as in vrirc-twist and stub-
iron they may be considered to act sa one substance, uniting the hard-
ness of steel with, and compensating for its brittleiiess ))y, the tenacity
of the suft iron. These remarks were publialied in 1835, and in the
second work above mentioned, published in 1841, Greener states that
much progress hod been made in the use of steel since ' The Gun ' wsa
published ; and of late years steel has been much used in rifle b.'urels,

especially in America, where most of the rifle barrels arc made from
the solid bar of steel bored out. The same thing is now projwscd by
Mr. Burton for the military rifles, the difficulty however lies in

weUling on the cone seat. StH,b JMmtucui ia a very beautiful kind of

iron formed like the Damascus iron above described, but uf stub-iron

instead of wire-twist, but it is open to the same objection on the
ground of over-twisting.

We may here refer to a l>aper communicated to the Society of Arts
in 1826, and published in their ' Transactions,' voL xliiL pp. 105108,
which contains an account of the process employed at Bombay in

making gun-barrels and sword-blades in imitation of those made at

Damascus ; from which it appears that these barrels are manufactured
of iron hoops, obtained from Eitropean and chiefly from British casks.

The more they are corroded by rust, the more highly are they valued

;

and if they are not sufficiently oxidised they are exposed to moisturo
imtU they become so. Being cut into lengths of about twelve inches,

they are formed into a pile an inch or an inch and a half high, the
edges being laid straight, so as not to overlap each other, and a longer

piece is so fitted as to return over each end, and hold the pile together

while in the fire. After being heated the pile is drawn or foi^d out
to a bar about an inch wide and one-third of an inch thick, which is

doubled up in three or more lengths, welded together, and again drawn
out as before, this operation being repeated three or four times
according to the degree of fineness reqiiired. The bar is then heatctl,

a small portion at a time, and hammered on the edge so as to flatten it

out the contrary way to that of the stratification, by which operation

the wire or vein is brought out on the face of the strap or riband of

iron. " The barrel is then fot^d in the usual way, but,"' Captain
Rignold states, " much more jumpiny is used than in the English

method, in order to render the twist finer." " The most careful

workmen," he adds, " always made a practice of covering the j)art

exposed to the fire >vith a lute composed of mud, clay, and the dung of

cows or horses, in order to guard against any unnecessary oxidation of

the metal. When the barrel is complete, the twist is raised by laying

the barrel from one to five days either in vinegar or a solution of the

sulphate of iron, imtil the twist is raised ; this process is called the

wire-twist." " To produce the carl" he further states, " the bars or

straps are dra^vn out to bars abo\it three-quarters of an inch square,

and twisted, some to the right and others to the left ; one of each sort

arc then welded together, doubled up and drawn out as before ; and
vipon the experience of the workman, any intricacy of twist is produced
by this drawing out, doubling, and twisting." This latter process, it

will be observ^, resembles that of English workmen, as also does a

piece of trickery which Captain Biignold mentions, consisting in rough-

filing a common English barrel, and welding a strap of Damascus iron

spirally round it, or applying several such str-tpa longitudinally, and
welding them on ; a fraud which must l>e severely condemned as

impairing the Ijorrel iu a similar way to the attempted uuiun of iron

and steel above alluded to. It is impurtaut to notice, that the native

Indian artists never work with coal under any consideration, but use

solely charcoal from light woods. Coal, from its always containing

ti-aces of sulphur, is highly injurious to the tenacity of the iron.

Greener descriljeti miuiy other varieties of gun-barrel iron than are

meutioned above, but these need not be further noticed, except to

remark that the inferior twisted barrels are usually formed of wider

rods than the better sorts, and are consequently weaker from the

neoaaaarily oblique direction of the twist, and from the circumstance

that large ro<ls do not get so thoroughly rolled as small ones, as well

as from the inferior quality of the metal itself. He also describes

numerous ways, often very ingenious, in which frauds are committe<l

by unprinciple<l gunmakers, to avoid not only the increased cost of the

superior kimls of metal, but also the increased charges for lalwur in

almost every department upon barrels of the best qu-ility. In some
cases a strip of inferior iron will oven be introducwl iuto the be;ut of

rods or bars of Dam.tscus iron, by which, owing to the different

expansive powers of the two metals, the gun will be impaired mora
than by the diminution of strength and intrinsic value.

The great amount of welding required in twisted ban-els rc<iuirca a
very largo fire, and Greener states thatseveral hours should bu spent in

forging inferior barrels before the fire can be brought to a fit state for

those of the best quality. Hence, he otmsiders, the London barrel-

forgers do not attain such perfection in this operation as those of

Birmingham, because they do not generally make the inferior barrels
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necegaary to bring the fire into a good state. The junction of the

Beveral lengths of rod necessary to make a twisted barrel is often

effected by cutting each off in a sloping direction, and leaving them to

be joined in the general welding operation ; but it is better to weld

them together before the twisting is completed. After welding, the

barrels are re-heated to a welding heat, a few inches at a time, and
hammered in a groove to the required size. Sometimes they receive

a subsequent hammer-hardening in like way, when cold ; but though
this improves them much, it is often neglected.

After welding, the barrels are very carefully examined, and if needful,

straightened by a few blows of the hammer. Holland states that their

soundness is tried also, by placing one end in a bucket of water, and
sucking with the mouth at the other end, until the barrel is full of

water, when, if there be any crack or flaw extending through the

substance of the metal, it may be detected by the appearance of

moisture on the outside. They are then bored in a machine with an
angular plug of tempered steel [Bobinu iNSTiinMEXTs], which is

caused to revolve rapidly within the barrel, ft stream of cold water

being directed upon the outside to check the heat generated by the

excessive friction of the tool. Greener states that the barrels are not

annealed for this purpose, as Dr. Ure has represented in the * Dic-

tionary of Arts.' The outside of the barrel needs also to be made
smooth and even, which was formerly done by applying it to the

surface of a large grindstone, the workman allowing the barrel to roll

slowly through his hands, so as to present every part of the surface

successively to the stone ; but this process is now in a great measure
superseded by turning in lathes, a method which claims great economy,
as well as superiority in point of accuracy, and the advantage of doing
away with a moat unwholesome business, and one by no means un-
attended with danger. In a lathe it is easy to ensure the perfect con-

centricity of the inner and outer surfaces of the barrel, and the perfect

rotundity of the exterior surface, whereas, under the old plan of

grinding, the sides of the gun were often very unequal in thickness, one
side being in some instances nearly twice as thiok as the other. In all

cases it is advisable to forge the barrels as nearly as po8.sible to their

intended dimensions, in order that as little as possible of the surface,

which has been condensed by hammering, may have to bo removed.
After the first or rough boring the interior is fine-bored with an instru-

ment h.iving but one cutting angle, which is kept to its work by strips

of soft woihI attached beside it. Generally speaking, barrels are bored
with a perfec-tly equal cylindric.iI bore ; but some gun-makers prefer

enlarging the bore a little towards the breech, under the idea that the
consequent contraction of the muzzle will cause the shot to fly more
closely. The breech end of the barrel is then tapped with a screw-thread,

to receive the breech-plug, which closes it at that end, and forms the
abutment for the explosive force of the powder, and in which, in many
cases, is formed the chamber to hold the powder, and the narrow-

passage by which that chamber b connected with the touch-hole. The
liest form of this chamber, and of the connection with the touch-hole,

is a matter upon which gim-makers differ widely.

The Ijarrels are then ready for prnring, which consists in firing them
in a building in which their explosion can do no harm, with a charge
four or five times as great as they will have to bear when in use. A
great number of barrels are fired at once, by laying them upon a strong
framework of woo<l, with their touch-holes downwards, and connected
with a train of powder which is conducted outside the building,

within which is laid a heap of sand to receive the bullets. Common
barrels are allowed to Ue twenty-four hours in the proof-house im-
touched, in order that, by the action of the nitre in the gimpowder,
any crack or flaw may be rendered visible. They are then carefully

examined, and such as show any defect, or have bulged with the
explosion, are returned to be reforged, after which they must be
proved again, while such as have stood the test satisfactorily arc
stimpcd with a distinguishing mark. Notwithstanding the strict

regulations which require every carrel to be thus testetl, Greener thinks
that in many cases the proof-mark is forged, and states that some-
times a cheat is committed by welding unproved tubes on to pistol

barrels which have been proved, so as to convert them into gun-
l>arreU, for the sake of saving the difference of a few pence in the cost
of proving.

Sporting guns are very ofton made with two barrels fixed side by
>"ide upon one »t(«k. Such barrels are made separately, and have their
adjacent sides filed flat in order that they may lie close together.
They are secured tfigether by ribs running between them from end to
end, and filling up the spandril-shaped grooves formed by their contact.
For general sporting Greener says that they should not be niomited
with the bores j«;rfectly parallel with each other, but slightly con-
vewng, so that their line of fire may meet at a given distance ; but
opimons differ as to the best inclination or degree of convergence.
The wooden ttriclt upon which the barrel or barrels .ire mounted is

most comuionly uvule of walnut-tree, though bird's-eye maijlo and a
few other wood.s are occasionally used. This is fitted to the barrel so
accuratoly as to leave as little as possible to depend upon the metal
fastenings by which they are connected together. Great care should be
taken to adapt the weight, length, and curvature of the stock to the
person for whose use it is intended. Greener observes that it is very
common to make the stocks of sporting guns too short and too crooked

;

and Colonel Hawkar, in a passage quoted by HoUand, says that " the

length, bend, and casting of a stock must, of course, be" fitted to the

shooter, who should have his measure for them as carefully entered in

his gunmaker's books as that for a suit of clothes on those of his

tailor." " He has then," the colonel adds, " only to direct that his

guns may be well balanced, to do which the maker will introduce lead

in proportion to their weight ; so that, on holding each of them flat on
the left hand, with the end of the feather-spring about half an inch

from the little finger, he will find a sufficient equilibrium to make the

gun rest perfectly steady on the hand." When the shaping of the

stock is completed, it is shod with steel for fowling-pieces and rifles

and brass for muskets, the trigger-guard and other metallic fittings and
ornaments are let into the wood, and every part is fitted with suitable

screws and fastenings, after which the whole is taken to pieces ; the

woodwork is finished by staining and polishing, the metalwork is filed

and blued, and the barrels are sent to be finished, which is done in

various ways.

When intended to be bright externally, barrels ar& filed all over with
smooth files, and then polished with a steel burnisher. Military

muskets were formerly polished in this way, but the time and labour

required to maintain the polish proved so harassing during service,

that the Duke of Wellington, during the Peninsular war, dispensed

with it, and allowed the muskets to be browned. Of the various

methods of browning or staining barrels, of which every gun-maker has

his own, we may notice two, in the first of which, described by Holland,

the solution employed consists of half an ounce each of nitric acid and
sweet spirits of nitre, one ounce of spiiits of wine, two ounces of blue

vitriol, and one ounce of tincture of steel. These ingredients are

mixed, the vitriol being previously dissolved in sufficient watoi' to

make, with other fluids, a quart of mixture. The barrel, being first

thoroughly cleaned from grease and dirt, and having the muzzle and
vent stopped up with wood, is wetted all over with this mixture,

applied with a sponge or rag, and thtn exposed to the air for twenty-

four hours, after which it is rubbed with a hard brush to remove the

oxide formed on the surface. These operations may, if requisite, be
repeated two or three times, until the barrel becomes perfectly brown.
It is then carefully brushed, wiped and immersed in boiling water
which holds a quantity of alkahno matter in solution, in order that

the further action of the acid mixture may be prevented. The barrel

is then dried, rubbed smooth with a burnisher of hard wood, and
heated to about the temjxirature of boiling water, after which it is

coated with a varnish composed of spirits of wine, one quart
;
pulve-

riiied dragon's blood, three drachms ; and bruised shell-lac, one ouuce.

When this is dry the barrel is finally rubbed with the buruLsher to

give it a smooth glossy face. The second method we shall allude to is

called tmokt bromn or stain, and is recommended by Greener as one of

the best preventives of fraud in the manufacture of twist barrels,

since it brings out the grain or pattern in a way which, to say the
least, it is not easy to imitate. For producing it, the barrels are

.mointed with a Uttle vitriolic acid, which is washed off, and the
surface rubbed dry. A forge fire is then lighted and blown up, with
coals containing as much hydrogen gas and as little sulphur as pos-

sible. When the coals are burnt until they give out a clear white
flame, without any blaok smoke, the barrels are passed gradually back-

wards and forwards through the flame until they are covered with a
black sooty covering. They are then placed for eighteen hours in

a damp cool cellar, by which the iron particles will become coated
with a red rust, while the steel retains its original sooty coat. The
rust and soot being brushed off with a brush of steel wire, the barrels

are washed and polished with a linen cloth dipped in water and fine

washed emery, by which the two metals become very distinct, the
iron being dark and the steel bright and polished. After drying, the
smoking is repeated, and the barrels are left in the cellar for twelve
hom-3, and treated as before ; aad thus the process is repeated until

the larrel becomes as dark as may bo wished, the darkest colour

attainable being a fine purple-black on the iron, with a copper tinge on •

the steel.

The jirogressive steps in the invention of the fire-lock, or that con-

trivance attached to the breech of a gun by which the powder in the
touch-hole is ignited, are noticed imder Anus. The essential cjualities

of a gim-lock are, first, that it should work easily and efficiently, so

that the force required to move the trigger and release the spring by
which the hammer, or striking part of the lock, is moved, shall not be

sufficient to interfere with accuracy of aim and rapidity of firing
j

secondly, that it should not be liable to go off at half-cock (a position

in which the lock should always be kept until actually prejwring to

fire, and in which even the application of force to the trigger has no
effect upon it), or in any other way accidentally ; and thirdly, that

when the piece is on full cock, the pulling of the trigger should cause

the gun to fire with certainty. The delicate workmanship of modem
locks, the manufacture of which forms a distinct trade, which is carried

on chiefly at and in the neighbourhood of Wolverhampton, leaves

nothing to be desired in etticiency and ease of working, wliile the

ingenuity which has been devoted to this branch of mechanical science

has provided numerous admirable plans for lessening the risk of acci-

dent by means of tumblers or other contrivances for securing those

parts of the lock which might occasion danger by their accidental

removal. Some such contrivances, to give a fair account of which
would require too much space in this article, are illustrated by
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Holhad, and in Dr. Ure's ' Dictionarr of Arts.' Until • oomiiu»t!TeIy
rMMit period all military gum, «nd mort of thoM u«ed for sporting
purpoMi, wera made with flint-looka, in which the ignition of the
priming-powder waa effisoted by the nidden stroke of a wedge ahaped
flint againat a pieoe of ateel, by which a afaream of aparlu waa directed
into the pan oonlaining the priming ; and the greater number of SinU
required for thia use caused the cutting, or mtlior breaking, of them
to be a oonaiderable branch uf induntry. Wlien the firat attempt
waa made to aubetitute for this contrivance the use of a fulminating
or detonating powder, which, being ignited by simple percumion,
ahould aet fire to the ordinary gunpowder in the touch-hole, we are
not aware ; but, according to the work just referred to, the first per-
cussion-look was invented by the Rev. Mr. Forsj-th, of Belhelvie, in
Scotland. The improveniout bos, however, led to alterations in the
ooDstructiun of gimluckH which, as HolLuid obsen-es, are hardly infe-

rior to that which took place ou the suUatitution of the modem flint

for the ancient fire-match. The pan which contained the priming-
powder, and the cover which shielded it until the moment of preparing
to~fire, are rendered unnecessary, their place being supplied by a small
upright nipple, the perforation of which coincides with, and forms a
continuation of, the touch-hole of the barrel. The cock, or striking
part of the lock, instead of carrying a clamp to hold the flint, becomes
a simple hammer, with a snout adapted to fall exactly upon the top of
the nipple. The fulminating subeiance is usually placed, for conve-
nience, in a small copper capsule or cap, resembling a thimble in shape,
which fits on to the nipple, and, if not blown to pieces by the explo-
sion, is removed previous to reloading. The hammer is provided with
a shield to prevent any fragments of Uie copper cap from flying against
the face of the shooter. The great superiority of the percussion prin-
ciple in safety and cert^ty of action led to its adoption, after expe-
riments most decisive as to ito superiority, especially in wet weather,
over the flint-lock, both in the arms of the British and all Continental
armies. A long article relating to the compounding and use of
percussion-powders made with fulminate of mercury, which forms the
base of most such compositions, is given imder " Fulminates," in Dr.
Ure's ' Dictionary of Arts.'

^fled gtms are described under Rifle.
(Greener, 7%* Gun, and Treatae on (iiinnery ; Holland, ifanufaclum

M Metal, in Lardner's ' Cabinet Cyclopa-"dia,' vol. ii., pp. 94-123

;

Barlow, Tnatite on Machintry and Manufactura, in the ' Encyclop^ia
MetropoUtana ;

' Dodd, Bntidi Manufacturtt—Metalt, in Knight's
'Weekly Volume,' pp. 102-107; Dr. Ure, Dictionary of ArU, Manu-
faeturt$, and Mining ; Babbage, Economi/ of Machinery and Manu-
faetiire; sec. 362, 363.)

GUN-BOAT. This term has for many years been applied to small
craft, mounting usually a single girn, when employed in the defence of
ooasta ; and until very recently it indicated ressds of no peculiarity of
construction, strength baring been considered the mjun qualification,

such as sufficient to sustain the continued working of a gun of light
caUbre.

Change in naval tactics has, however, from improvements in pro-
jectiles, made such progress, that a totally new class of vessels has
been called for. They are still further in request from the facilities

afforded by progress in the art of propulsion. For a long period the
collecting of a Urge number of guns in one ship had been thought the
perfection of a floating battery ; but the experience of the last Russian
war established the importance of having a part of the armament of a
fleet detached in small vessels, calculated from their light draught of
water to navigate estuaries and parts of the coast which had hitherto
been protected by their shallows.
Xor is it to thia alone that the gun-boats of the present day owe

their origin. The use of steam has so changed the features of naval
warfare, that henceforward they will resemble more and more the evo-
lutions of an army in the field ; and, above all qualifications, rapidity
in mawrurrin;! must be p-iniraount ; and such is not so easily attained
in lar>?e, long, licavily-iirnicd ships, which, wliatevcr may be the weight
of metal thrown by their broadsides, cannot be turned to an opposite
direction except within a considerable area of space and without the
Upee of MveraJ minutes. Hence the attention of government h.i8 been
diraoted to the building of the modem "gun-boat
The ewe with which a small vessel of about 100 feet length and

22 feet beam, having a light draught of about 64 feet at the load
water-line, could be manoeuvred under the agency of steam as applied
to the screw, even when armed with a heavy pivot-gun equal to the
largest used on board the longest three-decker, was at once apparent to
the Admiralty ; and, accordingly , about 160 had been constructed by the
Ijeginning of 1860, 38 of them being actually on foreign senrice, some
in the remotest parts of the globe ; and before many months the mmi-
ber will in all exceed 200. These are generally armed with one
68-pomider gun of 96 cwt., so fitted aa to be used either a-head or
•>«tem, or in any du-ection ; while the veeael may be turned roimd
•Imoct in her own length, and in the lapse of a few seconds only.
Some gun-boaU have, in addition, o 32-pounder ; others have two or
four braa howitcers, 24-poundera. Theae veaieli are propelled by
high-prsMura engines of 20, 40, or 60 horsepower. In these gun-boat«,
specially oonstruoted for the purpose, and the crewi of which are pro-
tected by ihiftiiig iron screen-plates from the efl'ect of rifles, we posaeaa
a flotilla of formidable character; and as in any future naval conteet

these little vessels are deatined evidently to play a conspicuous part,

especially when armed with Amutrong's guni, we give a sketch aa
under. To prevent acddento from foulmg the screw when dismasted,

and also to prevent all avoidable encombrance upon deck from the
same cause, when in action, gun-boata are lightly rigged, have three
short masts, and are fitted with gaflf-saila.

A class of what may be called " despatch gun-boats," or, as they an
oSidally called, " screw steam gtm-vessels," and at present consisting of
about 10 in number, are of larger dimensions, being, as the name
would imply, built with capabiUties for speed. They are nearly
200 feet long, and have about 30 feet beam, drawing upwards of 11 feet

water, are of about 450 tons, and propelled by engines of 40, £0, and

160 horse-power. Some carry a single gun of 95 cwt., others two or
four 24-pounder 124 cwt. brass howitzers, in addition ; they are rigged
as three-masted two-topsail schooners. Several others, on improved
principles, are now in course of building.

(Sir Howard Douglas, On Naval Tactiet; Screw Fleet of the Navy, by
Capt. E. P. Halsted, R.N.)
GUN-COTTON. Pyro.Tylin. If finely carded cotton be soaked for

a short time in very strong nitric acid, and then washed and dried, it

will be found to have acquired such powerfully explosive properties as
to render it capable of being substituted for gunpowder. The cotton
is not altered in appearance by tliis process, but iU weight is increased
to almost double. The reason of this increase in weight is that the
elements of nitric acid (NO,) replace, in the cotton, the elements of
water (HO), the equivalent of nitric acid and of water being, as is well
known, six to one ; the increased weight is thus readily accounted for.

The increase in weight, however, is not constant, but difl'ers in an exact
ratio with the strength of the nitric acid employed ; the explosive and
other properties of the resulting gun-cottons also differ cousiderably.
In this way three, if not more, compounds may be prepared, in the
first of which three equivalents of water, in the second fow, and in the
third jive equivalents of water are respectively replaced by three, four,

and five equivalents of nitric acid : or what is almost the same thing,
only theoretically more correct, three, four, and five equivalents of
hydrogen are replaced by equal numbers of equivalents of hyponitric
acid (NO,), the displaced hydrogen combining with the remaining
equivalents of oxygen from the nitric acid.

Finely carded cotton has already been shown to be nearly pure
cellulose [CelluloseJ, and, as the other varieties of cellulose are
slmiliu-ly acted upon by nitric acid, these explosive bodies may be
viewed aa nitro-substitution compounds of cellulose, and the three
gun-cottons thus represented :

—

Cellulose • . •

No. 1. TtinitroceUuloao

Ko. 2. Tetranilroaellulosc

No. 3. FentanitrooeUuloM

"((NO,),i°»«

C..I "'.i , lo.o.HO
H,,

.
(NO.),

,

•MCNO,),

.

0,„ SHO

No. 8 is very explosive, burning so rapidly when ignited, that the
experiment may be performed on the palm of the hand without a
sensible amount of heat being communicated to the flesh, or on a heap
of gtmpowder without danger of the latter being set fire to. This
variety of gim-cotton is best prepared by digesting one part of cotton
in fifteen ports of a mixture of equal volumes of nitric acid of sp. gr,

I'SOO, and of sulphuric acid of sp. gr. 1°846. The cotton m\t8t be
completely immersed for about four or five minutes, and then plunged
into a Kirge (quantity of cold water and washed till all trace of acid i*

removed : it is finally dried over a water-bath. So prepared, gun-
cotton posaeaies an explosive power equal to three times ite weight of

gunpowder. Gun-cotton, however, has not superseded the use of gun-
powder for several reasons, the most fatal one being its liability to

spontaneous ignition. From the greater rapidity of inflammation,

gun-cotton also produces greater strain upon the gun, and hence
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necesoitates increased thickness of metal. This quickness of explosion

is increased to a remarkable extent by impregnating the gun-cotton

with solution of chlorate of potash and then drying : on tiring otf a

pistol loaded with two grains of gun-cotton so prepare!, the barrel was
shattered to pieces.

No. 1. gun-cotton is produced when acids of the strength commonly
met with are used in the preparation. It is non-explosive and only
partially soluble in ether containing a small per-centage of alcohol,

such solution moreover leaves an opaque film on evaporation.

No. 2. is only moderately explosive, but readily dissolves in the
mixture of ether and alcohol, the solution leaving on evaporation a
jwrfectly transparent film. Hence this variety of gim-cotton is best

fitted for the preparation of

Collodion.—This is the name of the solution just mentioned. It Ls

very largely used by photographers, and is best prepared as follows :

—

Take of nitrate of potash, well powdered and dried, 600 grains, add to

it a mixture of one and a half fluid drachms of water, and twelve fluid

drachms of oil of vitriol : well stir the whole until it assumes a

uniform pasty consistence, and then add in small tufts at a time, about
forty grains of finely carded cotton. Let the cotton remain immersed
for about ten minutes, and then wash and dry as already directed

under explosive gun-cotton. If all the materials used in the process

be pure, the resulting gun-cotton will be perfectly soluble in a mixture
of seven parts of rectified ether, and one part of absolute alcohol, and
moreover, the film of pyroxylin, left on the evaporation of the hquid
from a small quantity of the collodion exposed on a glass plate, will be
quite clear and transparent.

Pyroxylin balloom.—(Collodion balloont.)—A strong solution of

collodion is made to flow evenly over the inner siu-face of a balloon-

shaped flask, and evaporated to dryness by blowing dry air into the
interior. By a Uttle careful manipuUition the pyroxylin may now be
detached from the sides of the glaJss, and the whole drawn through the
neck uf the flask.

Pyroxylin balloons may bo made use of for some pretty lecture

illustrations with explosive gases. Thus they may be inflated with a

mixture of two volumes of hydrogen, and one volume of oxygen,
allowed to rise to the ceiling of a room, and there ignited. The
ignition of the mixture is most conveniently effected by closing the
neck of the balloon with a piece of thread impregnated with nitrate of

potash, and setting ^re to the thread immediately before the balloon

leaves the hand.

GUN-METAL. [Bronze.]
GUN-SHOT WOUNDS. Under this head writers on military sur-

gery have usually considered not only all the injiuies produced by
oamion-balls, bullets, tic, striking against the body, but those which
arise from the projection of stones, splinters of wood, and other sub-

stances broken oS and thrown about by heavy bolls, or by the explosion
of shells, Ac. We shall here include, however, only those produced by
the shots themselves, because the others differ in no important degree
from the more common contused wounds.
When a shot strikes the body it seldom produces much, if any imme-

diate pain : a slight pricking sensation is felt, but the wounded man
becomes aware of the injury only by his inability to move the part, or

by feeling a little blood trickUng over the adjacent sound skin. Whole
limbs are known to have been shot off without the consciousness of

the individual when in the heat of action. Sometimes when discovered

the injury produces but little effect on the system : the courage and
intellect remain unaffected ; the pulse and respiration unaltered. Most
frequently, however, if the injury be at all severe, it is followed by
intense depression : the man becomes deadly pale, and is covered with

profuse sweat ; he trembles, and imagines death instantly at hand ; he
has shivering, nausea, and sickness.'and remains unconscious of pain

from his wound,—a sign always to be regarded with apprehension.

These symptoms may soon subside if stimtdi be given ; but if they

continue unabated for some hours they afford strong reason to fear

that some important organ has been deeply injured. If the heart nr

the brain be struck, the man is often seen to leap from the ranks into

the air and fall at once dead.

A part may suffer seriously from a shot without the skin being

injuretl. These ctscs were long considered by surgeons (as they are

stUl popularly) to be owing to the wind of the ball ; that is, to the

impulse of the air, set in motion and compressed by its swift passage.

But the only portion of the air that could act on the body is that on
one side of the ball, and this would not have much force outwards

;

besides, the small part of the atmosphere by the side of the ball being
compressed in only one direction, while all around is free and move-
able, could not acquire that degree of density necessary to produce
such effects as were attributed to it. But still more certain proof that

tll» air moved by the ball is altogether harmless, is afforded by nume-
rous cases in which portions of dress are shot off without the parts

beneath being injured. Dr. Thomson saw, after the battle of Water-
loo, a man who had the tip of his nose carried off by a cannon-ball,

witiiout any further inconvenience ; and another whoso external ear
was shot away, and hi.s hearing not at all affected. Vacher also saw a
man between whose legs a cannon-ball had passed, grazing one, and
carrying off a piece of the trowsers over the other, but producing no
bruise whatever. In the same manner, when a limb is shot off, the
parts above the wound are but slightly injured. The teal cause of this
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kind of injuries is, that the ball, whose force has perhaps been some-
what spent by the obstacles it has previously met with, strikes the part
obliquely, and therefore with only a smaU part of its surface, so that
the force applied is not suflicient to break through the skin, which is

not only remarkably tough and elastic, but being placed on soft tissues

which serve it a.s a kind of cushion, will yield considerably without
tearing, and thus slant the ball off in another direction. The muscles
and other tissues beneath it, however, being compressed between the
ball and the bones, are more or less broken : there may be only a com-
mon bruise produced, but frequently the parts are found completely
disorganised, broken up into a pulp with the blood effused from th^
vessels (often of considerable size) that have been ruptured, and some-
times even the adjacent bones are split and broken into fragments. If

the ball has struck the head, or chest, or abdomen, the organs they
contain may be ruptured, and give rise to such hemorrhage or effusion

of their contents as may be rapidly fatal. It was in such cases as these,

when men were found lying dead in the field without any external
mark of injury, that it was supposed they were suffocated by the ball

[xissing rapidly before their mouths. If the ball penetrates the skin, a
ragged opening with its edges inverted, and appearing somewhat
smaller than the ball itself, is seen where it entered. The pait around
has a bluish or black colour from the bruise, and the cellular tissue in

the track is seen black and dead. If it has struck a jjart perpendicu-
larly, the ball will most likely enter into it straight ; but if it have
struck obUquely, it may be altogether slanted off, as in the preceding
cases, or at least its course through the skin will be made more oblique,

so that it will fall on the subjacent muscles at a still more acute angle

than it did on the svu^ace of the body. Its force, too, being somewhat
expended, it will be the less likely to penetrate the dense fascia which
usually covers them ; and hence it is often found to have run for a
considerable distance beneath the skin, till its force is completely
spent, or till, meeting with a greater obstacle to its course onwards
than outwards, it passes through the skin again, at a part considerably
distant from that at which it entered. Some most remarkable cases of

circuitous passages thus produced are recorded. Dr. Hennen mentions
one in which the ball entered at the pomum Adami, ran completely
round the neck, aud was found close by the aperture at which it had
penetrated ; and another in which a ball struck the middle of a soldier's

arm as he was cUmbing up a scaling-ladder, jMwsed along the limb, over
the back part of the chest, coursed along the abdominal muscles, dipped
deep in the buttock, and presented at about the middle of the thigh, on
the opposite side to that which it first struck. Sir C. Bell saw two
cases in each of which there was one hole in the back, and another
above the breast, so that externally they looked almost exactly alike

;

but in one case the ball, having struck obliquely, went up over the
shoulder, and thence down to the breast ; while in the other it had
struck perpendicularly, and h.-«l gone straight through the chest. If

the ball should penetrate the muscles, each layer that it meets with
will render its course more obUque, till striking on the bone it may
run for some distance along its surface. If it strikes very obliquely
against the walls of a cavity, as the head, chest, or abdomen, its force

may be so much expended in passing through them, that it may run
for some distance along their concave internal surface, unable to pene-
trate the organs contained in them, as in cases mentioned by Dr.
Hennen, where balls coursed between the peritoneum and intestines,

and in one instance half round the chest between the luug and the con-
cave surface of the walls. Similar cases are seen when the ball, striking

very obliquely, does not penetrate at all, but runs for some way, even
on a concave surface, between the dress and the skin, which it marks
by only a slight graze. In these long or circuitous tracks, if the ball

have run deep, there will be nothing to indicate the situation at which
it has stopped ; but when it has passed near the skin, its course will be
marked by a dull bluish or dusky line, or a slight wheal. If it has
passed directly into a limb, the most common situation for it to be
found in is immediately beneath the skin on the oppo.site side ,' if it

strike a bone, it is more likely to be arrested by its cancellous than by
its compact tissue : often on p.a.ssing through either its further course
is prevented by the tough resisting tissue of ligaments. In almost .all

cases in which the ball has penetrated without passing through any
part of the body, some foreign substance will be found in the track of

the wound ; either the shot alone, or with it portions of clothing, of

the contents of the pockets, or cartridge lioxes, or even (as in cises

given by Dr. Hennen) of the bones of some other person whom the
ball had before struck and brouglit along with it. Sometimes the
portion of clothing carried before the ball is not perforated, but driven

inwards in the form of a cul-desac, which may be drawn out again

with the ball in it. Such a case is related where, in an attempt at

suicide, a man fired a pistol close by the side of his head ; the ball

passed some depth into the brain, carrying the side of his night-cap

before it, so that on taking it off the imrtion forced uito the skull drew
out the ball.

When the ball passes quite through the ])art, the aperture by which
it makes its exit has characters just the reverse of those which we h.ave

mentioned as belonging to that by which it entered. Its edges are

everted ; it looks somewhat larger than the ball, and is less bruised.

In these cases no foreign body may be found in the track of the wound,
which is generally less circuitous than in the preceding class. Some-
times the ball is split by striking against the sharp edge of a bone, or
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obliquely on iU turttot ; mud tbao, while one piao* paMet out the other

BMjr ntn ID any other direction amoog the ttMues, when ite preMnoe
b not likely to be (uepooted.

Laetlj, a part of the auifaea, or of the whole eubatanoe of a limb, or

of the trunk, may be oompletaly ahot off, either by one large ball, or

by a whole charge of amall shot. The turboe thus left ii uneven,
nggxi. *nd bniiaad ; the veaaela and nenrea lie ezpoeed, or luuit^g
out ; the bono protrudea, and it often iplit up, even to the next joint.

In all oaaea in which the ball hat penetr.tted, the part* with wliich it

haa oome in contact are lo much injured that their vitality ia deatroyed,

and alougfalng to a greater or !«• depth ensues ; to a greater distance

aronad alao aU the tiaauei are aererely bruised. The part divided pre-

aenta • torn uneTen aurfaoe ; the veasela roughly rent aoroaa generally

eontraot and cloaa ao that but little blood is loat at first ; if a nerve be
divided, unusual pain is produced, and the part is paralysed ; if a bone
be struck, it splinters, espeoially in the longitudinal direction, and is

baaidaa so shaken that death ensues in it, as in the softer tissues : after

penetrating part of a bone, the ball often loses so much of its power
that it remaina firmly impacted in the medullary canal. If any of the
cavities be penetrated, it is indicated by eOusion of their cuiiteiitx, and
other peculiar symptoms, as in the lungs by spitting up of frothy
blood, extreme dyspncsa, air passing through the wound, and some-
times emphysema ; in the abdomen, by protrusion of the viscera, paasaga

of bile, faecal matter, Ac, into the cavity, producing at first extreme
depreanon, followed by intense peritonitis.

The firat pruoeat fw the repair of the injury which gun-shots have
ocoaaioned it the separation of the slough or dead portion around the
track of the baU. As in similar cases from common causes, the inflam-

mation neceuaty for thia purpoae supervenes but slowly, though when
established it ia very intense, sooompanied with great swelling, beat and
pain of all the surrounding parts, and severe constitutional disturbance,

fever, aleepleaaoeaa, disordered stomach, &c. Ajs the slough separates

and protrudes at the orifices of the wound, these (when double) pre-

sent appearances just the reverBo of those which they bad when first

made ; that at which the ball entered (then the smallest) is now the
largest, its edgea are wide open, and it is generally filled with a large

piece of alou^ed tissue hanging from it, like tow dipped in pus ; while
that at which the ball passed out is contracting, or has been already
healed by the first intention. This difiTerence depends on the baU
having lost much of ita velocity in passing through the several tissues :

heooe the part last traveraed ia less bruised or destroyed ; and if, as is

often the case, the ball has been flattened in ita course, it may have
paaaed out with its sharp edge forwards, and given the latter part of
the traok so much the character of a common penotratiug wound, that
it might heal by the first intention. The constitutional symptoms
change when suppuration is fairly established, the surroimding inflam-

mation is leaaened, the fever subsides, and in slight injuries the health
may seem but Uttle afiected. In more severe ones, where, with cun-
siderable loaa of substance, a very copious suppuration occurs, or where
it involves some important tiasue, as a joint or bone, Ac, hectic fever
supervenes, with debility, a small rapid pulse, speedy emaciation,
copious night-sweats, diarrhoea, &c. A chief danger accompanying the
separation of the slough is, that some of the barge vessels, which, when
torn by the ball, did not bleed much, if at all, may now ulcerate, and
produce severe hicmorrhage ; but if this be avoided, the further pro-
gress of the wound presents nothing that could distinguish it from one
of the same extent produced by any penetrating instrument, and in

process of being filled up by granulations.

Gun-shot wounds partake of the natures at once of penetrating,
lacerating, and contused wounds, and they present the characters of all

these in an extreme degree of intensity, from the velocity with which
the ball, ill fitted by ita shape for penetrating, has been propelled.
The general rules of treatment must, however, be the same as for
similar injuries from common causes ; but it will be advisable here to
notice a few points peculiar to this class alone, and to point out what,
after long diacussions, en now the most generally received ndes of
practice.

The extraction of the ball and other foreign substances, though its

neoeesity has been very much exaggerated, is firat to be considered. If,

on examination of the wound (which should be msde as much as possible
with the finger), the ball and the substance it has carried in with it be
felt tolerabiV moveable, and in a {lart where forceps can be easily applied,
they should certainly be at once extracted ; and sometimes, Uiough
very rarely, it may be advisable even to dilate the wound by incisions
almg ita aides for thia purpose. Mo violent attempta should ever be
msds at first to aooonipliah the removal ; for as the walla of the wound
aknigh and suppurate, the traok will become htrger, and they may then
either (all out or be easily displaced; or they may siidi down, and,
praaeating a dependent part, may be taken out after merely dividing
the skin over them ; or they may become imbedded in the aurraunding
tissues, and as the irritation at firat produced subsides, the adhesive
inflammation may form a loose sac around, in which they may he for
yean, without producing any further inconvenience.

It baa been alreaily said that the ball may pass through a part, and
lodge jui* beneath the skin of the opposite side, or that, after a ojr-
ouitons coarse, it may be found under the akin at a distance. In
either ease, if it can be felt, even at the distance of an inch below the
rarfMe, it should be cut down upon and removed. If it strike against

a l>one, it may lodge in it superficially, and may then be displaced with
the funwps, or with the end of a scoop, or, if more deeply fixed, witii a
buUet-ecraw. If it pea* through its wall into the canoellous texture,

many surgeons reoommend that the bone should be out down upon,
and a trephine applied over the ball, so ss to cut out a piece of bone
sufficiently large to drew it through. If the ball or other substances
be not extracted at first, and remain fixed after the sloughing and sup-
puration, no further attempt to remove them should be modo till the
inflammation that has supervened is fairly sulxlued : then, if much
irritation continues to be excited, if abscesses form about its track, and
much constitutional disturbance is produced, it may be necessary to

use every eflTurt to find out their seat, and if possible remove them
;

but if still impracticable, and amputation cannot be jierformed, or is

not deemed advisable, the future treatment must consist in supporting
the patient by tonic and anodyne medicines, and by the mildest anti-

phlogistic local applications.

Whether the' boil be extracted or not, the simplest possible drassingi
should be at first ^ipUed ; a piece of linen spread with some mild oint-

ment, fixed on lightly by strips of adhesive pUster, and oovered by »
rag kept constonUy moist with cold water, are the best and most
comfortable appUcations. Tight bondages, stimulating and heating
ointments, &a., are especially injurious. It may be frequently advisable
to bleed the patient immediately, or soon after the acddeot ; and ape-
rient medicine should always be given, and a mild antiphlogistic diet

strictly enjoined. After three or four days, when suppuration is

establuhod, the cold application will probably cease to be agreeable to
the patient, and theu it should exchanged for some warm emollient
poidtice, or lint dipped in warm water or spongio-piline ; and the consti-

tutioiud disorder altering with the condition of the sore, the red\icing

remedies may be laid aside, and soon replaced by mild tonics, a nutritious
diet, &c.

The question of amputation, when that operation is applicable, must
be decided as in common cases by the character of each ; no general
rule can be given, except that, ecBltri* paribut, it will be advisable in
many cases in military practice, in whidi in civil practice it would be
scarcely justifiable. If the difficulty of removal from the field to any
permanent hospital, the iusuiiiciency of accommodation and nureing,
which must be experienced when large numbere aro simultaneously
wounded, the badness of the air to which they will probably be exposed
in crowded barracks, and other circumstances inseparable from the
movements and arrangements of large military or naval foroes, be con-
sidered, it will be evident that it would be advantageous to convert a
severe wound, contused and lacerated, which even under the most
favourable ciroumstances would be uncertain and most tedious in its

progress, into a clean incised one like that of an amputation, in whidi
danger from bleeding may be lessened and which will require for less

attention than the other. As to the long-debated question, at what
time amputation should be performed, it is now agreed, that the best
period ia as soon as possible after the patient has recovered from the
immediate depressing eSects which often follow the reception of the
wound.
Wounds of the head, chest, and abdomen must be treated as in

common cases : if the ball be lodged in these cavities, it will be
impro)>or to use more than the most gentle means to extract it ; and if

in the abdomen, it will generally be quite useless to search for it. The
most vigorous antiphlogistic treatment will be necessary to give the
patient a chance of recovery.

Secondary haemorrhage not unfrequently ensues, when the parts
aroimd the track of the wound slough by ulceration of the larger
vessels injured by the ball. The bleeding vessel must, if possible, in
this case, as well as if it is observed at the firat receipt of the injury, be
at once cut down upon and tied both above and below the opening.
In the same way, portions of various organs may slough from the
injuries received, and, by giving issue to their contents, may produce
rapidly' fatal symptoms.

In cases where the skin is not injured, but the parts beneath greatly
bruised, it ia recommended to make one or more incisions in order to
clear out some of the coagulated blood, &c., and to permit the dis-

charge of the slough. Where the bones and vessels are considerably
broken, as sometimes happens in these cases, amputation is at once
neoesssory. In all cases when the sloughs have separated the wound
oommenoes to granulate, and from this time, whcuier its progress be
towards recovery or death, its treatment need not difier from that ol
wounds in a similar condition from common causes.

(John Hunter, Trratite on Hit Blood, Iniammatian, and Oim-Aot
WmuuU, 'Works,' by Palmer, vol iii., 1837; Larrey, Mimoira d*
Ohinuyi* MUilaire, 4 vols. 8vo, 1812 ; Guthrie, Oh &va-s*o( Woundt of
tkt Si^rmUta, 1 vol. 8vo, 181S ; John Hennen, Obiervatioiii tm mm$
Important Pointt of Military Siir,iery, 1 vol. 8vo, 1818.)
GUN N Ell, NAVAL, the highest rank in the grade of warrant

offioere in M.M. navy. A class of naval officera of whose multifarious
duties very httle is generally known, and a detailed account of which
would excite surprise. It is sulticient herein to remark, that a naval
gunner must of necessity be a man of considerable intelligence, as the
benefits of all the evolutions neoessary in the presence of an aneniy
would be neutralised, if he he deficient in skill, self-command, ara
decision. The following are some of his soquirements, dutiee, and
responsibilities : he must, in the firat pUoe, have received a good ordi-
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nary education to enable him to pass the rigid examination expected

of him. Not only is a regular course of instruction undergone on
board the " ExeeUent " gunnery training ship, at Portsmouth, but on
returning from foreign stations, and before .being permitted to enter

upon another ship, he is to present himself at the " Excellent," aud be

made proficient in any improvements in gimnery which may have
been introduced during his absence. The discipline of a ship is much
dependent on his judgment, forbearance andi tact, and the con-

tentment of the crew is seriously influenced more or less by the

manner in which he conducts his duties, for he is the drill-master of

the ship (subject in.very large ships to the inspection of a gunnery-
lieutenant). Assisted by his one to four or five mates, he has to

instruct from 50 to 1000 men (according to the size of the ship), in-

cluding the junior ofiicers, usually styled " young gentlemen," in the

great gun exercise, also mth rifles, swords, pikes, and pistols ; has

charge of all the extensive and costly armaments and military stores,

such 88 guns, small arms, powder, shot, shells, rockets, &c. ; he is

responsible for the various batteries, and that their requisites are kept

at hand in convenient places, and in serviceable condition, ready for

action at a moment's notice. A gunner, moreover, has charge of the

magazine, and is required to be capable of working it in total darhiees ;

and to be able to send up in the heat and excitement of action proper

chai^ges for certain guns, &c. He must be ready at calculation, at taking

angles for ascertaining the distances of objects, and cutting his fuses

accordingly with the nicest accuracy. He must have a considerable

knowledge of practical geometry, to enable him to rea<lily lay off lines

for concentrating his fire, ftc. He must have correct notions of labora-

tory work in the manufacture of the various compounds for fuses, blue

ligbta, Sk. He must keep particular acooimts of ius service expenditure

of stores, only receiving his pay when these are approved by his

commanding officers. In small vessels he keeps (with other warrant
otBcers) a lieutenant's watch on deck, and therefore must be a

thoroughly practical seaman, able to tack ship, rig and work a ship in

general, for which he must have paaaed a severe examination by naval

officers. He has constant charge of the main yard and main rigging

of his ship, and also the fitting of boats for armed service. His sea-

pay varies (according as he is a first, second, or third class gunner) from
1201. to 86^ per annum. He is obliged to dreas (in uniform) with
respectability and neatness for the take of example. If married, the

impossibility of saving money from hia pay, renders his position one of

some dissatisfaction in the service, and especially as the warrant officer

is the only rank in the navy, from the admiral to the second class boy,

which does not receive the same pay in harbour service as at lea,

although his duties there are very often more harassing, and with more
risk from boating, &c. ; his harbour pay being, instead of 1201. reduced
to 101/., and 86/. reduced to 631. per annum. He cannot leave the

service until enlirdy worn out in it, without forfeiting all his servitude

;

and when pronoimced by a medical survey to be unfit for further work,

he can expect only a retirement of about lH. per year upon the average

;

while if he die on service, not in action, nor suffering a violent death

on active duty, there was during thirty years no provision for his

widow. The widow's pension was withdrawn in 1830. The effect has,

however, operated injuriously to the naval service of the country, as

the emolument of gunners is considered to be so disproportionate to

their responsibilities, as to have kept many good men from seeking the

warrant. This is now happily under consideration ; already has the
Admiralty not only restored to warrant officers their rank as next to

second masters, of which they were deprived in 1844 ; but in February,

1860, the pension to the widows of warrant officers was very con-

nderately restored also. [Boatswain.] The chief gunner's mate is

a chief petty officer, and all the mates pass examination in the
" Excellent."

GUNNERY is that branch of the art of war which comprehends the
theory of military projectiles, and the manner of employing ordnance
in the attack and defence of fortresses or positions.

Under the head of Aktillebt will be found an account of the intro-

duction of gunpowder for the purpose of discharging ball from cannon,

and a description of the earlier forms in which they were made. Under
the head of Urdsance is described the present oonstruction of cannon
and their weights and sizes. Representations of the forms of many
ancient pieces of ordnance may be seen in the ' Treatise on Artillery,'

by Diego Ufano,1614,aawell asin the 'PratticaManualedi Artiglieria,'

by Luigi CoUiado, 1606. Generally the ancient fire-arms were so con-

structed as to discharge masses of enormous weight ; aud it is said, that
when Mohammed II. besieged Constantinople, he employed pieces whose
calibre (diameter of bore) was eciual to 12 palms, and which projected
against the walls of the city stones weighing 1200 lbs. At present a
rapid succession of discharges from a comparatively small kind of
urdi^ce is considered more efficacious, when directed against the
walls of a fortress, than the few shots which can be fired from such
unwieldy machines. The 13-inch shell which is now employe<l weighs,
when loaded, about 200 lbs. ; but when the French besieged the cita<lel

of Antwerp in 1832, the Belgians brought up a mortar whose calibre

w.is 2^ inches, and whose shell when loaded weighed 1015 lbs. The
effect produced by it was not, however, so great as had been antici-

pated.

Tartalea appean to have been the first mathematician who wrote on
tlte motion of balls wlien projected from fire-arms, and in his ' Quesiti

et Inventione Diversi,' which was printed at Venice in 1546, he inves-

tigates a few particulars concerning that kind of motion ; but the low
state of the theory of such motions at that time may be imagined,

when we consider that he thought it necessary to disprove the opinion,

which then prevailed, that one part of the trajectory, or path, of a

cannon-ball was rectilinear.

In 1638 Galileo published the ' Dialoghi delle Scienze Nuove,' in

which, together with his investigations concerning the composition of

motions in general, he shows that a shot projected from a gun describes

a parabolic curve. He states that the shot is urged by the impulsive
force of the powder in a rectilinear direction, coinciding with the axis

of the bore, and that it would move with a uniform velocity if it were
not continually deflected by the attraction of gravity from that direc-

tion ; he shows also that this deflecting force, exerted in lines perpen-

dicular to the horizon, would cause the shot to descend in such lines

with a variable velocity. Now, the spaces which would be described

in consequence of the projectile force, being proportional to the times

of describing them,—and the spaces described in consequence of the

earth's attraction being proportional to the squares of the times,—it

followed, from the relation between the spaces so described, that the

shot, which, according to the laws of the composition of motions, would
always be at the intersection of the lines representing the spaces, must
describe a curve with respect to which the corresponding lines would
have the same relation ; that is, a parabola.

Galileo expressly says that this curve would be described by the

shot, if it were not resisted by the air ; he was aware of that resistance,

and he proposes a method of finding its effects. It is now well kuowu
that the resistance of the air, when the motion of the projectile is rapid,

is such as to cause the latter to describe a curve-line very different

from a parabola ; and, consequently, that the parabolic theory, as it is

called, is of small importance as a guide to the practical artillerist

;

yet, as it possesses a certain interest on account of its connection with

the general subject of projectiles, and is a step to the investigation of

the real trajectory, we will proceed, before entering upon that investi-

gation, to give a demonstration of the fundamental proposition, and
exhibit a few of the principal deductions which ai-e usually made
from it.

The follondng investigation of the curve described by the centre of

gravity of a shot projected obliquely in a vacuum is extracted from
Captain Boxer's ' Treatise on Artillery :'

—

Fig. 1.

Let V = the initial velocity in the direction A o.

a — the angle o a x made by the direction of projection with
horizontal plane.

X and y — the horizontal and vertical co-ordinates at any point

F in the curve, from the point of departure A as the origin,

I = the time of flight to the ]x>int P.

A X = the whole horizontal range.

I. K = the greatest height of ascent.

T = the time of flight to the point X.

Now, if no force were acting on the projectile it would, by the first

law of motion, move on for ever in the • fine A o with the velocity v.

This motion is, however, in fact modified by the action of two forces—
the resistance of the atmosphere and gravity ; aud as it is proposed to

leave the former out of consideration for the present, it only remains
to compound the motion produced by gravity, which, by the second
law of motion, is the same as it would produce upon a body at rest,

with the uniform motion in the line a o, in order to obtain the actual

motion of the shot upon the hypothesis assumed.

We have then Ap = distance described with the velocity v in the
time = t = \t.

x=A.u= Ap coapi.ii = \t COB a, (1)

iip=Ap sin /) A M = V t sin a,

pe= distance described from rest by the action of gravity during
the time t=^^gfl,

y =MP=MP—y P=V<Bina — \gl (fi)
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•ad ttibatituting in (2) the value of ( dariTed from (1),

»"
v9oo.»o" '*^'' ~ 2v*oo«V (»)veota

Let A repreeent the hei^t which k body muit fall to obtain the
Telooity (T), when acted upon by the force of gravity only ; then

v» = 2y*.

and Bubetituting this value in equation (3)

which ia the equation to the paiaboU, the diameteia of the curve being

parallel to a r. From this equation all the properties relating to

proieetilea moving in a vacuum may be derived.

Ttjhui ikt Time of Fln/hL—To find the time of flight T we have

GX'^AoamasVTnna

'.4srT'=TT aina— .'. and i=
Svsin a

{«) k.

The time of flight variee, therefore, with the sine of the angle of

elevation.

The same reault might also have been obtained by putting y = o in

equation (2).

To Jind Iht fforiiontal BoHgt.—To find the horizontal range we
have,

AX = Aa coe a
Aa=VT

2vsin a
T= —::

—

2 v' sin a cos a

or, AX=2A Bin 2a,

by (6)

(0)

The same result would be obtained by puttingy=o in equation (3).

It appears, then, that when h, or the initial velocity, is constant,

A X, or uie horizontal range, varies as sine 2a; and the value of a x is

greatest when 2a = 90, or a= 45, in which case aX:=2/i.
Again, with the same initial velocity there are generally two

angles which will give the same horizontal rafige. For the sine

3a = sin (108°—2a) and the ranges will be equal at equal distances

from 45*.

Lastly, with the same angle of projection the initial velocities are as

the square root of the ranges.

To find the greatest Ueiyht to which the Shot will Rite.—In order to

find the greatest height to which the shot will rise, bisect a x in L,

then AL=I. ain 2a=2h sin a cos a ; and putting ml= z, x= a k= 2A
sin a cos a±t, substituting this value (8),

(2 A sin o cos o ± z)'
XP=y=(2nBUi aco8a±z) tan a— ih cot? a

= 2&8in'a±z tan a—i A sin' o±2 tan a + -tt r~ r
\ 4 A cos' a J

=h ain'a —
4 A cos' a

(7)

u p or y has, therefore, its greatest possible value when z = o.

LK is therefore this greatest height, and is equal to A sin' a.

Equation (7) shows that the curve is symmetrical with respect to the
line i.K.

To find the Time of Plight, Range, <te., when tht Plane it not Uori-
lontal.— Should the line joining the object and the piece not lie in a
horizontal plane, then , iw the direction of the force of gravity is not
perpendicular to the plane in which the gun and object are situated,
the foregoing formulte will not be applicable.

Figure 2.

L.<t A X reprnent a section of the horizontal plane, and a b that of
the plane containing the gun and object B,

ZOAX^a
^BAX==^
Tstime of describing the curve a P b.

OB:A.o::sinaAB:sinABa
iaxK={a—0);
/ABO = 180- ^ABX;
sin ABu=sin/ABX=cosjB;
aB=4jT'; ^OsTT.

By substituting these values in the above jiroportion we have

4 J/ T* : v T : : sin {a—0) : cos j3

ij^T* cos J8=VT sin (a— J3)

avsin(a—g)
'~

ffCOSfl
Substituting this value of t in the eqiuttor a c= v T,

(1)

= ik

2 sin (a—$) »»

g ooBfi

sin (a—3)

oosiS

Also, sin AGB=oosOAX=coaa
sin ABa=ain abx=cos/9.

Substituting these values in the proportion

AB:Aa::sinAOB:sinABa
we have,

sin {a—P)

^eoair ::o™"«:cosfl

sin (a— j9). cos a

AB : 4A

::ab=4A-
cos*3 (2)»

If the plane be a descending one, the angle must be considered
ncffatire.

On the AppUcalion of the Equation to the Curve deteribed by a Body
in a Vacuum to Mortar Practice.—Although the foregoing theory wiU
give results very different from those found in practice with shot
projected with great velocities, still, for the ordinary practice with
mortars, it will not be far from correct, as may be seen by an ins])ection

of the following tables, extracted from a work entitled ' Traits de
Blastique,' by HL. Didion ; the mortars corresponded to our 8-inch and
10-inoh.

Table of Range* calculated without taking into account the resistance

of the air, and the experimental ranges :

Bakoss of Sbslu 28 cKxnHtrais Basoss or Sbslu 28 caxTntraa
DujUTsa.

45° 4,1*

Elevatioa S0°. Elevatioa 30°.

Ho
!||Obserred. Calculated, i DiiTerenoe.

1

ObMrved. Caleolated. Differenoe.

U6t. Mitrea. Hitrcs. Mitres. M^t. Mitres. MMras. Mitres.

457 383 396 + 13 343 290 298 + 8

7S4 637 637 629 561 545 - 16

1132 980 983 + » 1146 1011 993 — 13

1555 1355 1350 — S 1792 1690 1552 -13S
1757 1516 1522 + 6

* Equations (I) and (2) may aluo be determined from the equations to the

curve in tbc following manner :

—

AB COS ^£=x=v cos or
AS sin /9=y= T din OT— i ;t*

tsn/!= ; :tan (1— ;2 V coi a
i V (tan o— tan <8) COS a

I
(1)

Again,

2 vstn(s-^)

y cosH

a sin fi=% eotfi tan a— g a* co«' 4

i\' coi' a

f a oos« (S _
j-;rS^,=oos/Stano^.ini»

sln(a-<8)
" COS a

2t' tin (a—0) cos a
'"

y cos* *
4>iln (g— <») oosa m
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It appears from the latter table that up to about 1400 yards the

ranges with different degrees of elevation might be calculated by the

paraboUc theory from the ranges for 45°, the initial velocities in the

above tables having been computed from the formula

2 A= range with an elevation of 45°,

the times of flight from the formula

^^ Range ^ ^"S^
V cos a V2yA . cos a

The theory of the motions of projectiles would therefore be very

simple if we might neglect the effects produced by the resistance of the

air during the flight of the shot ; but, in fact, when high charges of

powder are employed, the trajectory bears no resemblance to a para-

boUc curve, and can only be expressed by equations of a transcendental

nature.

From the time of Oalileo to that of Newton, though the subject of

the movement of projectiles occupied the attention of nearly every

mathematician in Eiu-ope, it seems to have been taken for granted that

the resistance of the air was too small to deserve much consideration.

Even Dr. Halley, while he admitted that its effects might become sensible

when the projectile was light, conceived that it would be of no
importance when the heavier kmds of shot were employed ; and it is

easy to conceive that the ideas then entertained of the form of the

trajectory were very vride of the truth. Huygens himself, from an
imfounded opinion that the resistance was proportional to the velocity

simply, asserted that the path of a shot through the air vras a

logarithmic curve.

It was reserved for Newton to develop the true laws of the resistance

experienced by bodies moving in fluid media, and to make a near

approach to the form of the curve described by a projectile in the air.

In a scholium to prop. 4 (' Principia,' Ub. ii.), he shows that such
resistance is proportional to the square of the velocity ; and elsewhere

he proves that, cirterii paribm, the resistance to globular bodies varies

as the B^iuares of their diameters and as the density of the medium.
He also takes notice of the retardation which would be caused by
the condensation of the fluid in front of the body when the motion is

rapid, and of that produced in consequence of the air not being able

to fill up immediately the partial vacuum which exists behind the

ball during its flight. And, in a scboUum to prop. 10, he explains

that the curve described in a uniformly resisting medium is a species

of hyperbola having the asymptote of the descending branch in a

vertical position.

The evidence afforded by the investigations and experiments of

Newton, concerning the effects produced by the resistance of the air,

induced a few mathematicians to adopt in their researches the principles

which he had established. Daniel Bernoulli appears to have been the

first who did so ; but, from an example in which he compares the

ascent of a cannon-ball in the air when projected vertically upwards,
with the height to which it would rise in vacuo with the same initial

velocity, he has manifestly estimated the resistance much too low. And
it wa« not till 1746, when Mr. Robins submitted a paper on the resist-

ance of the atmosphere to the Royal Society, that any correct idea was
formed of the enormous eflect produced by this resistance, or sufficient

experiments made to arrive at any correct theory on the subject. The
methods employed by Mr. Robins were, for high velocities, the ballistic

pendulum, and for low velocities the whirling machine, which he
invented. As with low velocities the shot rebounds from the pendulum
block, which would therefore, from the elasticity of the shot and block,

not give correct results. For a description of this machine, see Robins'
' New Principles of Gunnery," and also Button's ' Tracts, No. 36,' Dr.

Hutton having employed the machine made by Robins. With the
ballistic pendulum, the gim being placed at different distances from
the pendulum block, and the velocities at the several distances deter-

mined by the result of the impact, the loss of velocity by passing

through the spaces was immediately determined, and from this the
amount of pressure due to the various velocities was determined.

In the following investigation respecting the trajectory of a shot in

air, the line of motion is supposed to be in a vertical plane, and the

Fig. 3.

resistance of the medium ia supposed to Tary proportionally to the
•qtukre of the velocity at every point of the curve.

Let A b' B fig. 3, be the curve, of which let Mm be an indefinitely

small arc described in the luiit of time (as one second) in consequence
of the projectile force ; then, if the force of gravity and the resistance
of the air were not to act on the shot, the latter might in the next
equal portion of time be supposed to describe the line m n in the
direction of a tangent to the curve at M. But, during this portion of
time, let the diminution of motion caused by the resistance of the air

be represented by n n' and the deflection produced by gravity be
represented by n' mf ; then m' wUl be the place of the shot at the end
of that portion of time. Draw the vertical lines M p, mp, n'p', nq ;
and the horizontal lines us, n't. Let Af = x, pm= i/, and the arc
AU— z ; let also R represent the force of the air's resistance and g the
force of gravity (both forces being measured by the velocities which
they would produce, at the end of one second, in a body moving by
their impulses).

Then, by the laws of motion, the velocities varying proportionally

to the forces and times of motion, we have K a I and gdt for the
resistance n »' and the force of descent n t during the evanescent
portion of time expressed by d I. And by the resolution of motions
nt
—7- B dt will express the diminution of velocity vertically in con-

n't
sequence of the resistance, while -p E c?« will express the horizontal

diminution on the same account.

n'tn, we have
But from the similar triangles Msm.,

n'n : n't : : Mm : im : : dz : dy ; whence

Also n'» -.n't : : mot : Tia : : dt : dx

;

Therefore the vertical tliminution becomes

nt dy

n'n ~ dz'
n't dx

whence -7- = —r.n» dz

R dy dt

dz
and the dimi-

R dx dt
nution horizontally, —-r— . To the former adding gdt for the action

of gravity, as above, we have, for the whole vertical diminution of

R dy dt
velocity, —-t-— + gdt.

Now the vertical and horizontal velocities of the shot in vacuo, at M,
dy dx

being represented by m» and Ms ; that is, by -r, and -rr respectively :

and, in the ascending branch of the trajectory the forces arising both
from gravity and the resistance of the air being retardative, the

velocities in the next second of time will be ; in the horizontal

dx , /'^^\ '. ^v /^y\
direction -jr — d \~f7 ), and in the Terbcal direction, "JT — dl -tt) '

that is, the diminutions of velocity are, in the former direction,

— d I -77 j and, in the latter, ~ <^ ( rfF/'
Consequently,

and

B dx dt

dz

B dy dt

dz

= - Hrfj) (I).

t- gdt - d \dt) (H).

But the resistance experienced by a shot moving through the air is,

agreeably to the laws of hydrodynamics, represented by some part of
the weight of a column of the fluid, whose base is a section through
the shot perpendicular to the line of its motion, and whose height is

that space through which a body would descend in vacuo to acquire
the actual velocity of the shot. Therefore let a be the area of such
section, v the velocity of the shot, and h the height due to that velocity

;

and let D be the density of the air ; then h = 5- and 5- a . D = the

weight of the column. Putting 2gp to represent some number which
is to be determined by experiment we shall have pc'^ a . D for the
resistance, or for the motion destroyed in one second, and pv'^ A . V dt
for the motion destroyed in the time dt. But, by dynamics,
momentum

= velocity ; therefore, if 11 represent the mass of the

TO dt
^

is the velocity destroyed by the resistance in the time

dt ; and this is what is expressed above by R dl : consequently we
pv^ a . D pA . D 1

have K = ——
; or, representing —rj— by —, and for v putting

di . _ 1 d2*
its value -ji

'"^ nave « — — t-j. Then the general equations (I) and

mass
pv* A

shot,

dt

(II) will become

dx dz ldx\

TdP = -^ [dij

H df

and
dy dz

adt +gdl=-<!). but dt being considered

as constant, they may be put in the form

dx dz dy dz

g = —d'x, and —^+gdl* = — d'y.
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Bd*x

Ftom the ftnt of thcae •quationi we hare dt^— —^— ; which, being

•ubftituted in the Utter, give*

i +yd^» —tff; or, after reduction, dP = —d (
-jt j -r-

But, multiplying the abore equation for — d'x by n df, it becomes
dxdt dC= —H dihfx ; which, on substituting in the first member
Um prsoading value of df, becomes

Again df=\/ (d-x* + «fy«) = .dr V ^1 + 'J^Jl therefore the last

equation may be put in the form

This equation, being integrated, would determine the relation between
X and y in the trajectory ; and, since dt is constant, the integral of the

second member is evidently,—— To obtain that of the first mem-

ber, lit t represent the tangent of half the angle made by a horizontal

line and a tangent to the curve at each point ; then, by trigonometry,
(fy 2

1

we shall have -j- (= the tangent of the whole angle) = ^_ , and

ld\ 2(l + t')^ / dy«\ l + t»

•* te/'=(l-t>)«'*'' *^ '^y} * d^)"!^'- consequently, that

2(l+t«)«rft—(TZt»»>— ' ^hoee mtegral is

1+t

t + t»
firet member becomes j, ^,,, , ,.uu~o uvisk'iu u> ., .,,

J i~tt » or n_tt\i + i log. j3^ ; therefore the integral of equa-

tion (III) u
* + *'

,, 1+t Horf«>

(1315)-. + llog- iTt =°- T&? <^V)'

where c is an arbitrary constant.
Now, let E represent the angle of elevation at the point a, or the

angle cab; at Uiis point we have dx= dz cos K, and difi= dz* cos' E

;

also, at the same point, rfi= v dt, v being the initial velocity of the
shot. Therefore

d^ 1
<tr» = V* <?«« cos* B, and -j^ = y.,^., ; but since, by dynamics,

V* = 2sh, we have evidently,

dt* _ 1

M3f 1 0OS»B'

then, if this value be substituted in (IV), and tan 4 z be put for t,

that equation will become

tan } 1 4- tan'4 i

2h cos* K (V),d + tan" i E)«

from whence the value of c might be found.
Substituting in the equation (IV) the above value of df, vji.

I dy\dx dy 2t

""l rfi/"7' »^ putting for -^ iU value, j^, that equation

, becomes

LliL ., 1 + t

(TTty + * '»«• rZTt

%ix

a

H ./ 2t \
+ Ux \\—%*)'' ^'»eno«we obtain

'-(1-f)' *^- 1-t

(VI).

But, as this expression does not admit of being integrated by any
ksown rules, mathematiaUns have endeavoured to obtain an ai)i>roxi-
mate value of the integral ; and Bezout, whoso method has been
adopted in the above investigation, employs the following process for

that purpose. Developing the czpresilon \ log. r^ In an infinite

series, putting that senes in the form of a fraction, whose denominatorU (1-tMVand then iiub«tituting it in the preceding equaUon. the
latter becomes, after reduction, .

Ux
(VII).

A«iming the last factor in the denominator to be Constant, and
rej^reeenting it by b, we have

2dx

u
- j^.b
i-t«

(VIII)

which can easily be integrated, since the second member is equivalent

to the differential of a logarithm ; thua we have

8x 1
, / 2bt \ ,- =. 5 log. ^c- j3^,^ -h c (IX),

where c* is a new arbitrary constant
The value of b in equation (VII), when simplified, will be found to

be eqiud to \ sec B + ) ootan. E log. tan. (45° -I- i e) ; and Bezout has
computed from this formula a table of its values for every degree of

elevation. At 40° we have b= 11073 merely ; therefore, at elevations

not exceeding tliat number of degrees, we may, without much error,

consider b as constant and equal to unity. The value of c, when
obtained from equation (V) and simplified, is foimd to be equal to

H
4hcos~B

* ** **" '
'

*"'' **" '"''"® "' *'' ""' '^ o'''*''"'^ '^'3 *•>"

following process.

2t
At A, the point of projection, we have z=o, and ._., s tan. ij

therefore, at that point, the equation (IX) becomes

2x 1
.

-^ = ^ log(<'-*>taii.E) + c';

whence

cos's
0-= _ •^log.(c-bt«n.E),or=- 1 W. tt-^b b B 4h CO

^ , 2z 1 , 4h cos» E / 2bt \
Therefore -5- - g log. —^p- (^0- j^^,^

;

and putting e for the base of the hyperbolic logarithms (= 271828),
we have

2Kr

dy

" 4h 008> B / 2bt \

^ 2t 1 r

(X),

2l«

H 1

4h cos* e'

But ^ = -j^ ; therefore,

2b*

H({X H
4bh COS' E

'

This equation being integrated, and the constant determined on the
supposition that y= o when x=o, we have

2bj5

0_£ H* / H

odx
dy=—

y=
8b* h cos* B (

,.[tan. +
4b* h COS* eJ

J ; or putting for c its value,

2bx

H» / H \

8b* h COS*
(XI).

By substituting in this equation any assumed values of a;, we should
obtain the corresponding vertical ordinates ; and thus the form of the
trajectory would be determined, approximatively. But, if the objeo
is merely to obtain the horizontAl range, make y = in the equation

;

then the latter will, after reduction, become

2b— X log. = log- [:i-i-
2b /2bh/2bh

u \ u
sin 2 e +

1

)4
Substituting in this equation difierent numbers for x, that which
renders the two members equal to each other will express the required
extent uf the range.

In the precwiing investigation, g has been taken to represent the
aocelerative force of gravity, or that by which the shot would descend
in vacuo ; but, in fact, it should represent the accelerative force by
which the shot descends in air. And, iu order to obtain the latter

force, let r represent the semi-diameter of the shot, » the ratio of the
circumference of a circle to its diameter ( = 31 4 169), D the density of
the air, and 1/ tliat of the shot. Then J

» r» d' will express the weight
of the shot in vacuo, and J

«• r" D the weight of an equal volume of air

;

therefore, | «• r* (d'—d) is the weight of the shot in air, and j ir r' y
(D'-rt>) is tlie motive power by which the shot descends; the latter,

being divided by the weight of the shot, expressed as above, gives

g — for the accelerative (rawer required. But if the shot be of lead

or iron, whose weight far exceeds that of an equal volume of air, the
term o may be considered as equal to zero, and the accelerative
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power may be represented by g, the force of gravity oa a body in

vacuo.

By differentiating the equation (XI), making dy=o, and, from the

resulting equation, obtaining the value of x ; then, on substituting this

value in equation (XI), the resulting value of y would be that of the

greatest vertical ordinate of the curve, while the said value of x is the

corresponding abscissa.

What is called the point blank range is the distance from a point on
the ground, vertically under the chamber of the gun or howitzer, to

the point at which the shot strikes the ground after the discharge, the

axis of the bore being supposed to be in a horizontal position, or parallel

to the ground if the latter should be inclined to the horizon. The
extent of such range may be determined from the equation (XI), by
making E= o and considering y as negative. In this case the said

equation becomes, b being equal to imity,

2x
ax-y
4h + IS

(!-«");

where y is the height of the gun above the level of the spot on which
the shot falls. And the equation, after reduction, iecomes

2j;— log. e = log.

2Bx + H' + 8hy

in which, subetituting for x different assumed values, that which renders

the two member' equal to each other will be the required range.

The but en blanc of the French is frequently called the line of metal
range, and signi6es the distance from the chamber of the g\in to the
point where the trajectory of the shot crosses (the second time) a Une
joining the tops of the base, and muzzle rings, and produced. Here
the axis of the gun, which is always a tangent to the trajectory at the
nearest extremity, makes a small angle with the said line, depending on
the dispart, or the difference between the semi-diameters of the gun at

the base and muzzle.
Now, to find the time of flight : from the equation (IV) ; by re-

ducing the logarithm to a series and proceeding as before, we shall

have

(2bt \

2bt
and having found, from the equation (X), that c — ._., is equal to

2b.r

4h cos* E ; we get

^' 2a coB» a

2hx
H rfj^ n dx e

e "
; or dt =

hx

H

hx
coa ^2gii

'

which being integrated gives t=e ' r ,„ . + c, where o is an

arbitrary constant.

Now, to obtain c; since t (the time of flight) = o when a; =o, by
substituting those vidues in the equation, the latto- becomes

hx

and consequently (= y^^^^^^gh <"
^ ~^'>-

From which equation, on substituting the value of x (the horizontal

range), which is supposed to be given, the time t of the flight of the
projectile will be obtained.

It may he obaerved here that a knowledge of the time during which
a shell will describe ite trajectory is of great importance, since it enables
the gunner so to regulate the length of the fuse, that the shell may
explode nearly at the moment that it has reached the object which it

is intended to destroy.

Note.—In determing the trajectory, the range, and the time of flight,

by the above formuUe, the operations must be performed by the aid of
logarithms.

It is of the fiirt importance, in obtaining from the above formula! a
near approximation to the required values, that a correct measure of
the velocity with which a shot issues from the mouth of a gvm should
be obtained ; and the determination of such velocity, when the charge
of powder is given, is the object of the following investigation, which,
using the differential notation, ia taken from the third volume of Dr.
Hutton's Tracts.

l«t r=the semi diameter of the shot, or of the bore.
t/= the specific gravity of the shot.

»= 3'H16 (the ratio of the circumference of a circle to its-

diameter).

g= 82J feet.

m= 88120 oz. (the pressure of the atmosphere on 1 square foot).
u=the weight of the shot.
a=the distance from the bottom of the chamber to the hinder

put of tha btJl.

6= the length of the bore.

n= the ratio of the expansive force of fired gunpowder to the
pressure of the atmosphere.

v=the velocity of the shot on leaving the gun.
x=any variable distance of the shot, in the barrel, from the

bottom of the chamber.
Then rV= the area of a transyerse section through the bore, or of a

section through the shot ; and
nmrhr=i,he force of the powder on the hinder part of the ball.

But the expansive force of powder being supposed to be inversely
proportional to its density, or to the space which it occupies in the
barrel, we have

— : — : : mnr'-ir

:

(= the motive force of the powder at any
a X X
point, in the barrel, whose distance from the bottom of the chamber

=

x).

Consequently, dividing this term by the weight of the shot, we have

for the acoelerative force of the powder ou the shot at that
wx

point; from this term subtracting 'HI—I, which expresses the retards-
w

tion arising from the pressure of the atmosphere against the front of

the ball while moving in the barrel, the accelerative force becomes

"2—^( —— 1 ); let this be represented by /. Now, by the theory of

forces, we have

vdv [=y!fdx] = """" '
(
" —dx); and the integral of this equation is

V) ^ X y

4v'=
gmrH

(no hyp. log. x—x) + c

;

X = a, oa substituting

where c is an arbitrary constant.

To find this constant ; since v = o when
these values the equation becomes

gmr^
o = —^— (no hyp. log. a—a) + c;

from which c being found and substituted in the preceding equation,
the complete integral becomes after reduction, and substituting 6
for X,

f= a/P^ (na hyp. log. - -^ a - j)] :

or substituting for w its value, namely, | r^w »', we obtain for the
velocity of the shot ou leaving the gun,

1783 // 4 s

On comparing the results of the formula with those obtained from
experiments made with the Ballistic pendulum. Dr. Button found
that the expansive force of powder varies, with the quantity employed,
from 1778 times to 2800 times the pressure of the atmosphere ; allow-
ance being made for the loss of force occasioned by the vent and
by windage. Those numbers express the values of n in the formula.
Prom the numerous experiments made with the machine above

mentioned between the years 17S4 and 1791, Dr. Hutton concludes
that the initial velocities of shot are directly proportional to the square
roots of the weights of the charges, and inversely proportional to the
square roots of the weights of the shot (the guns being similar to each
other) ; and he gives for the initial velocity in feet the formula

V = 1600

of the shot.

/2c

V v; where c is the weight of the charge, and to that

Dr. Gregory's formula, founded on more recent experi-

V3c— which with reduced windage is more

nearly correct. It must be admitted however that some uncertainty
still exists respecting the value of v, partly on account of variations

in the quality of the powder, and partly in consequence of the
different degrees of windage ; and these are the chief causes of the
want of agreement between the experimented and calculated ranges of

shot. This however is not in general greater than that which has been
observed between ranges obtained from different trials when made iu

like circumstances.

The resistances actually ex}>erienced by a shot in passing through
the air were, in 1789, made the subjects of experiments with the

Ballistic pendulum .and the whirling machine as before mentioned, and
are described in Hutton's Tracts. The resistances were determined
from the general formula,

vv'
" = sFs"''

Where r = the require<l resistance in pounds or ounces.

J) = the mean between two velocities, namely, the first

velocity and the velocity with which the ball strikes the
pendulum.

t/ = the difference between these velocities.

( = space passed through.

10 = weight of the body in pounds or ounces.



m GUNNERY. GUNNERY.

Tha kboT* fomitiU is obtained thtu, ( = - ntarly; and 1*
: ( : : 32 :

SS ( s thfl Tolodty ganontod or da«tn>7cd by gntvity in ( < ) time

;

iheretan, 32 ( : V r =
5J-,

but « = - = 827" = *•"

form of reaitaaea. From tha raaulta of the experiment*, wliich
though not aoffloient to eatabliih a perfectly true theory, enable ub to
obtain reauHa luffioienUy accurate for all practical purpoaea, it appcom
that the raairtanwia are in rather a higher ratio than the aquarea
of the diameters of the ihot; and, at examples of the amount
of the resistance, it may be observed, that a ball weig^uug 3 lbs.,

when moving at the rale of SOO feet per aacond, was opposed by
a foroa equal to about 354 lbs. i '^^i when moving with the velocity of

1700 feet per second, by a force equivalent to the pressure o( above
164 Iba, It was foimd also that thrre is a gradual increase in the
oqmnent of the resistance as the velocity increases, probably on
aooonnt of the partial vacuum behind the ball.. When the motions
were slowest, the resistance was nearly proportional to the 8<]uare of

the velocity ; and when the shot moved at the rate of 1500 feet per
second, that exponent aeemed to have attained its maximum, the
resistance being then nearly aa the 2| power of the velocity. Beyond
that rate of motion the exponent of the resistance gradually decreased.

In the preceding formula the height h, or Uiat which is due to

v»
the initial velocity, is by the theory of forces equal to g- ; where v

represents the initial velocity, and g, as before, = 32J feet. To obtain
the value of H it must be observwl that, from hydrostatical principles,

we have ^r^wpB for the resistauce experienced in moving through a
fluid by a body which is terminated in front by a hemispherical
surface ; where r is the semi-diameter of the sphere, D is the specific

gravity of the fluid (air in the present case), and p ia a, co-efficient

which must be determined by experiment. Then the mass of the
shot being equal to Jr'xD' (where d' is the specific gravity of the

shot), dividing the former of these terms by the latter we have -„—,
our

6n o'r
for the retardative power of the resistance. Hence V"m— becomes

o Dp
the terminal, or constant velocity, with which the shut would descend
in the air when the resistance of the latter becomes equal to the aoce-
lerative power of gravity.

_ Now, in the preceding tnveetigationa, -jr was made to represent

A.Dp
-jj— ; therefore, substituting for a its equivalent i" », and for m its

irjy
equivalent j r* »• d', we shall get H= oTT ; which, being compared with

the above expression for the terminal velocity, is evidently the height
due to that velocity, or the space through which a body must descend
from rest, t» vacuo, to acquire that velocity.

Dr. Hutton, having forme<i a tabic exhibiting the resistances expe-
rienced by shot when moving with different velocities, determined from
it, by simple proportions, the values of the terminal velocities for solid
shot weighing from 1 lb. to 42 lbs. (Tract 87, art. 69.) And in the same
Tract (art. 122) he has given a table of terminal velocities for several
natures of shells. These last velocities necessarily differ from those of
solid shot, because the shells have less weight than solid shot of equal
diameters. Assuming therefore that the intcrn.al diameter is A of the
external diameter of a shell, he estimates the ratio of the weights of
the solid and hollow shot to be as 1-42 to 1 ; and, in order to express
the terminal velocities of the hitter he diminishes those of the former
ia that ratio. Hence the formula for the terminal velocity of a shell
houldbe

V 8<7r
D'

1-42

Sop V S-68grD'

Svp >

and from the nambara given in the tables it appears that p may be
oonaidered aa equal to 0-6849. On putting this foi-mula in numbers,
r ladg must be expressed in terms of the same denomination.

It is easy to conceive that by increaaing the charge to a certain
amount the velocity will also be mcroased, and that when the quantity
of powder is so great that the ball is driven out of the barrel before
the whole has tune to act upon it, the velocity must become less.
Th«» is evidently therefore a certain quantity of powder which will
produce the greatest possible velocity; and this may be determined by
nakhig the diflerential of the expression above found, for the velocity,
equal to aero, the length a of the space occupied by the charge bring
oonaidered as variable. Dr. Hutton makes the charges for producing
the maximum vetocity to vary with the length of the gun : thus the
length of the bore behig equal to 10, 20, .SO, 40, and 60 calibres, the
number. 0-6, 0-84, 109, 1-28, and 143 wiU respectively express the
weight of the powder in terms of the weight of the ahot. (Tract 37,
art. 189.)

The service chaiges, in terms of the weight of the shot.

For brass and iron guns . j|

For brass howitnra {

For carronadaa ^
I^Vom experiments which have been carried on at Woolwich, on

Sutton Heath, and in France, the following very brief abstract of the

circumstances attending the flight of projectiles has been drawn up :

—

L Experiments with solid shot fired at point blank.

laoM OvM. Baui Oon. { CAaaoKAina.

Height of the Ona above
the gtoimd s 8 ft.

Height of the Onn sbovel Height of the Battery

the ground ss 4 ft. 6 in. ! above the gronnd = 8 ft

Weight
of Shot

in lbs.

Charge
In lbs.

B«ng«
injrds.

Weight -^
"'Shot ^rf
ia lbs. ;

*» ""•
1

Charge
in lb*.

B«ngc
inrds.

1

68

1
s»
34

i 18
1

lOH

6

360
420
400
400

11

9

6

8

4
8

a

1

380
810
310
390

«8
41
14
11

1

1

800
170
ISO
130

II. Ricochet practice in 1821.

Solid Shat.

Katnre of Ordnance.
Elevation

in

degrees.

Charge.

Bangs
In

yards.

Kumbn*

'

of ,

grasea.
|

84 Ponnder
Iron gun

11 8 OK.

1 lb.

21b.

400
600
800

18
10

8

IS Foonder
Iron gun

9 0S.

lib.

400
800

37

10

12 Pounder
Iron gun

6oz.

12 oz.

400
800

1»
10

68 Pounder
Carronade H 21b. eoo i

34 Pounder
Brass Howitzer 4} lib. 600 1

ahttu.

10 Inch Iron howitier

wt. of aheU 92 lbs.

S 4 lbs.

2) lbs.

600
600

3

4

8 Inch iron howluer
wt. of BboU 46 lbs.

9

6:

lib.

2i lbs.

400
800

12

8

i\ Inch howitser

wt. of shell 16 lbs.
9 13oz. 600 4

34 Pounder howitzer

wt. of shell 16 lbs. *i 9oz. 400 16

1 2 Founder howitzer

wt. of sheU 8 lbs.
8 0*. 600 4

68 Pounder H l^lb. 600 6

From the result of the exi>eriments it appears that at a range of

400 yards, with a weight of {lowder equal to ,'j of the weight of the

shot, about two-thirds of the rounds took effect : at 600 yards, with

charges from ^ to ^, from one-half to one-third took effect; and, at

800 yards, with charges from ^ to ^, from one-third to two-fifths took

effect. It is hence concluded that ricochet batterios should, if possible,

be at distances between 400 and 600 yards from the object : at a
greater distance much of the ammunition would bo uselessly ex-

pended. Also that, with both shot and shells, the best elevation for

enfilading a work is from 0° to 9* above the crest of the parapet of the

work.
IIL Practice with a 10-inch

mortar, Sutton Heath, 1811. The
elevation = 45" and the weight of

the shell =96 lbs.

Practice with a French 12-inch

mortar, Toulon, 1830. The ele-

vation = 46* and .the weight of

thesheU =162 lbs.

Charge in Time of Range
Charge.

Time of Bongo

lbs. VUght. in jards. Flight. in jrards.

lib. 10" 448 8 lbs. 6 ot. 20" 1631

li 12 774 10 IS 28 2579

1 16 1817 16 8 32 8801

3) 18 1608 11 10 36 8871

3 19 1898 17 89 4868
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The effects of shot in penetrating any material form a subject of

great importance in military engineering, as a knowledge of those

effects can alone afford data for constructing walls and roofs capable of

resisting the momenta of the vast masses which, during a siege, may
descend upon or be projected against them. And in order that such

effects may be made the objects of scientific investigation, the resist-

ance which the material opposes must be considered as a uniformly

retarding force, like that which gravity would exert against a shot

fired vertically upwards : then the depth penetrated will correspond to

the space which would be described by a body, when subject to an

accelerative force equal to that retardative force, in the time that it

would acquire a velocity equal to that of the impact, and the time of

the penetration may be considered as equal to that in which such

velocity would be acquired. By the theorem of uniformly accelerated

motions we have F varies as (where F is the accelerative or retar-

dative force, K" is the weight of the body, v the velocity with which
it is moving, and i the space moved through).

Now, if G represent the force of gravity :

g = 32J feet, or the velocity generated in one second by the force

of gravity,

~ = the space or height due to that velocity,

V — the given velocity of impact,

t = the depth of the impression. Then

wo' to »• f'o
o :

: : F :
; whence f = 75- which is the force of remstance

2
exercised by the material.

If G be supposed to be equal to imity, we shall have r = —5- and

this value of F expresses the ratio of the retardative force to that of

gravity ; consequently, representing the latter by the weight w of the
to r*

Hhot, the force of resistance should be expressed by —5-

.

In Sir Howard Douglas's ' Treatise on Naval Gunnery ' there are

recorded the following results of experiments on the penetration of an
1 8-pounder shot into a butt made of beams of oak ; namely, with cbargA
of 6 Ibe., 3 lbs., 2^ lbs., and 1 lb., the depths of the penetrations were
42 inches. 30 inches, 28 inches, and 15 inches respectively ; the velocities

are 1600 feet. 1130 feet, 102i feet, and 656 feet respectively ; and from
these data the mean value of f will be found to be 138701. This
number expresses the resistance of the oak, in pounds, against a surface

equal to the area of a section through the centre of the shot ; and, by
reduction, it becomes equivalent to 912190 pounds exerted on one
square foot.

Similar experiments made at Metz by firing 24-pounder shot against

butts of fir (the numbers being reduced to English denominations)
gave 475070 pounds for the resistance exerted on a square foot.

At Woolwich, in 1835, two 24-pounder shot were fired with a velocity

of 1390 feet per second against a wall of concrete, into which they
penetrated to the mean depth of 3 feet 10 inches; whence, by the
above formula, we have F= 188047 pounds; and, consequently, the
resistance on a square foot is equal to 1013730 pounds. From a like

experiment made at Metz it was found that the resistance opposed by
a wall of oolitic stone might be expressed by 1394800 pounds (English)

on an equal surface.

The French engineers, agreeably to the theoretical determination of

M. Prony, suppose the volume, instead of the depth, of the space pene-
trated to be proportional to the term wrt' ; but when that space is

cylindrical, the hypothesis will evidently be identical with that which
has been above stated. Dr. Button finds that, ou firing into wood, the
depths of penetration, when high charges are employed, are in a lower
ratio than the squares of the velocities, and nearly proportional to the
velocities simply : this he supposes to depend on the resistance caused
by the elasticity of the fibres which are driven before the ball during
the time of penetration.

Mr. Robins, in his work and various tracts on gunnery, was the first

to point out the imimrtant effects of rotation in pro<lucing devi.itions

in the line of flight of cannon balls. This rotation may be caused both
Vjy the balls not fitting exactly to the bore of the gim, when the friction

being greater on one side than on the other would offer a greater
resistance to its motion on that side, and, secondly, by the density of

the ball not being uniform. When the centres of gravity and figure do
not coincide, the forces, that is, the pressure of the gases generated by
theyowder, acting on the ball to move it, would act unequally on each
side of the centre of gravity, except when the line joining the centres
of gravity and figure is coincident with the axis of the bore, and would,
by the theory of parallel pressures, produce (besides exerting its whole
pressure in the motion of translation in a line through the centre of
gravity parallel to the .ixis of the bore) a motion of rotation round a
horizontal axis passing through the centre of gravity, due to the couple
whose arm is the lino joining the centre of gr.avity and centre of the
figure, and whose force is the same pressure acting through the centre
<ft the figure. Though the constraint due to the bore of the gun
AKTS A5I> SCI. DIV. TOL. IV.

wonld cause the direction of the rotation to be that in which the centre

of form was moving relatively to the centre of gravity (which latter

while passing through the bore must be performing equal oscillations

about the centre of form in a plane containing the centre of gravity
and axis of the bore) at the moment of leaving the bore, depending
therefore on its length

;
yet as from the velocity of rotation being

proportionately small to the velocity of translation, there is not time
for a complete oscillation in the length of the bore, in practice the
direction of rotation depends entirely on the relative positions of these
points when placed in the bore of the gim. Thus, if when the ball is

first acted on, the centre of gravity is in a vertical line below the
centre of form, the rotation in leaving the bore will be round a hori-

zontal axis passing through the centre of gravity, and causing the
anterior part to move downwards. If the positions of the centres of

grarity and form be reversed, the motion of the anterior part of the
ball will be upwards, and in the same way to the right or left.

If a perfectly smooth homogeneous sphere rotate in the air, there is

nothing to produce movement in the position of its centre of gra^-ity

on an axis through which it is rotating ; and when rotation is com-
bined with translation there is nothing to cause deflection from the
line in which it is translated. But if the surface be not smooth, when
being translated, the air being denser in front than behind, depending
on the velocity of translation, the friction will not be symmetrical on
both sides the axis of rotation, but being greater on the anterior sur-

face will tend to produce deflection in the centre of the sphere in a
direction contrary to the one in which this surface is moving. But
on the other hand, one half of the surface is rotating in a direction

with, and the other half in a direction contrary to, the motion of trans-

lation, and the .ictual velocity of the former half through the air being
greater than that of the latter from its position, prevents its escape,

and causes a greater density in the air ou that side. The resistance to

motion being greater in this direction than in the other, there is a
tendency to produce deflection in the centre of the sphere in the
direction in which the surface is rotating ctmlrartj to the motion of

translation ; that is, in the direction in which the anterior surface is

rotating, and this latter tendency is found in practice to overcome thd
former, and the shot is deflected in the direction in which the anterior

surface is rotating. When a shot is excentric, that is, where the centres

of gravity and figure do not coincide, and the ball is rotating round an
axis through the centre of gravity, there is not only this friction, but a
displacement of air equal to the figure contained between the sphere

whose radius is the shortest distance from the centre of gravity to the

exterior and the figure of the shot itself. The above described effect

is then immensely exaggerated ; in fact, if there were no friction, the
resultant normal pressures would in this case make an angle with the
direction of translation, and therefore cause deflection. Experiments
were made in 1851, at Shoeburyness, with shot and shell made excentric

by removing ptjrtions of the metal and replacing them with a heavier

or lighter body. The direction of the line joining the centre of gravity

and centre of figure was then determined by floating the shot in

mercur)'. By this me.in8 they could be strapped to wooden bottoms
in any position desired. An increase of upwards of 900 yards in the
range was obtained with these excentric projectiles over concentric

ones at angles of 20° to 28° and 82', and deflections proportionally

large according to the relative positions of the centre of gravity and
figure of the shot when placed in the bore of the gun as above described.

It is evident that the deflection of spherical shot from smooth bored
guns is principally, if not wholly, due to the varying rotations which
arise, and which produce deflections not in planes making angles with
the direction of the piece when the deflection would be proportionate

to the distance, but in incurvated lines, as stated by Robins and proved
by his experiment with the bent barrel. In a rifle [Rifle] we have
the means of impressing on the projectile a rotation round an axis

coincident with the line of flight ; when the resistances being equal

round the pole of rotation,'no deflection can be produced while the axis

remains coincident, and any casual irregularity ou the point or siu'face

is compensated for by being constantly shifted round from one side to

the other. Rifling, again, gives us the power of using elongated bullets

(cylindrp-conical), wluch are kept point foremost by their rapid rota-

tion, which has the tendency of always keeping the axis of rotation

parallel to its original direction ; and it will be eJisily seen from the

previous investigations on the resistance of the air, what a greatly

increasetl power of maintaining its initial velocity is possessed by a
ball which, with the same surface of resistance, has double or treble

the weight of another. These are the reasons fur the enormously

increased ranges and accuracy obtained with the Whitworth and
Armstrong guns, to which we shall have again occasion to refer under
Rifle.

(Colliado, Praltica Manuale delV Ariirjlteria, Milan, 1606; Ufano,
Vraije /nstraction de I'Artillerie, Frankfort, 1614; Belidor, Le Bom-
bardier Fran{oi», Paris, 1731; Le Blond, Traite de FArtillerie, Vaxm,

1743; Du Paget, Essai mr I'Utage de I'Artillerie, Amnterdam, 1771

;

Lombard, ToAif* du Tir dea Canon*, &c., Auxonne, 1787; D'Antoni,

On Ganpowder and Firearma, translated by C'apt. Thomson, London,
1789 ; Bezout, Coura de Mathimatiquea a I'L'sage du Corpa d'Artillcrie,

Paris, 1797; Robins, New Principlea of dunnery, London, 1805;
Hutton, Tracts, London, 1812 ; Robison, Mechanical Philoaophy,

London, 1822; Sir Howard Douglas, Treatite on Naval Gunnery;
VV
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SIniUt, On ForH^^roHm and ArtiOerf, rariwd by Cook utd Hyde

;

TVttitiH on Artillfry for tkt K. M. Acadtmtf, Wothtick, by Captain
Box*T. R.A.)

aUXIX>WDER, keomporition with the enloaire power of which
evOTT one u more or leai •cqiuintett. The date of lU inrentinn is

ivrolTcd in obacurity. It ha« Men mid that it was uaed in I'hitin m
etriy as the year A.a 85, and that the knowledg* of it wai conveyed to

u« from the Arab* on the r«tnm of the Cniaaden to Europe ; that the
Anba made uee of it at the tiege of Mecca in 690 ; and that they
d«tved it from the Indiana.

Sir Oeorge Staunton obaerrca that " the knowledge of gunpowder In

Oklna and India seems ooeral with tho moat Hintant lustoric erenti.

Among the Chinese H has at nil tiiiu-x Ix-en applied to useful purposes,
OS blastiBK rooks, ke., and In the uiaking of fireworks ; although it has
not beeooiieeted through strong mctalUc tubes, as the Europeans did
800D after they had diaoorrred it"

Roger Bacon has been supposed to allude in nn enigmatic way to the
oomoMition and explosiTe force of gunpowder; and about 18S6
BartAold Schwartz, a monk, is said to Iiave also diseovered the mode
of manufacturing it

Ounpowder consists of a very intimate mixture of nitre, or nitrate

oi potash, ohareoal, and sulphur. Theoretically, the proportions of
these ingredients on(^t to be as follow :

—

t sturalcBt nitrttt of potath

i sqaivalcuU carbon

1 tfoiraUnt sulphur .

Eqniralent
weight,

. 10111
. . U-OO

. 1600

rer-eentage

amount
74-8

US
11-9

ISiU 100-0

It is remarkable that these proportions liave been nearly attaineil

empirically in the best descriptions of gtmpowder, as seen from the
following table :—

EnglUh.

:4itrat« or po'.aih . . . 7S'0

Charcoal lS-0

Sulphur 10-0

French.

750
12'S
12-3

rrus«{an.

75-0
' 13-5.

115

100-0 1000 100-0

The suddenness and intensity of the explosion depends upon the
amount of sulphur, which is on this account increased in blasting-

powder, the composition of blasting-powder being :

—

Kiiratc of potaah ,..•,. 6S
Charcoal 13

Sulphur 30

100

This large amount of sulphur would cause the corrosion of fire-artns,

and consequently for war and ^rarting purposes the qtiantity is

diminished.

The ingredients must be of the greatest attainable piirity ; and the
nitre is fused before use, in order to expel the last jiortion of water,

triiich seems however scarcely necessary for any other purpokc than
the exact ascertainment of its quantity, inasmuch as the mixture is

subaequently wetted. The charcoal, either of aider, willow, or dog-
wood, is prejiared, not in the usual method, but in iron retorts; and
the sulphur is the volcanic kind imported from Sicily, and is reHned
by melting or subliming.

Wlien the several injpredients are prepared, they are separately ground
to a fine powder, and mixed in the proper proportions. The compo-
^ion is then sent to the gunpowder-mill, which consists of two stones
vertically placed, and running on a liedstone. On this bed-stone the
composition it spreml, and wetted with as small a quantity of water as
will, together with the revolutions and Weight of the runners, bring it

into a proper body, but not into a paste. After the stone nmners
hate made the proper number of revolutions over it, and it is in n fit

state, it is taken off and sent to the cominghotwe to bo corned or
grained ; here it is firit presse<i into n liard and firm body, broken into
small lumps, and the powder is then grninoi by these lumps being put
into sieves, lai each of which is a flat circular piece of lignum vitic.

The sieves are made of parchment skins, having round holes puncherl
through them ; several of these sieves are fixed in a frame, which by
machinery iiaa such a motion given to it as to make the lignum vita;

ronner in each sieve go round with velocity sufficient to break tho
lumps of powder, and force them through the sieves, forming grains of
•sreral sizes. The grains are separated from the dost by proper sieves
ud reels ; they arc then hardened, and the rougher edges token off by
being run a sufficient length of time in a close reel, which has a proper
oircular motion given to it.

The gimpowder, thiw corned, dusted, and reeled (which is called

l^ng, as it puU a small degree of gloss on it), is sent to the stove
sod dried ; care being taken not to raise the heat so as to dissipate the
aiilphtu-. The heat is regulated by a thermometer.
A powder-mill Is a slight wowlen building with a boarded roof.

Only about 40 or 60 pounds of composition are. worked at a time, as

on explosion will sometimes happen from the rmmen and bed-stone
comhig In contact, and from other causes. These mills' are worked by
water or horse.i.

Tho theoiy of the action of gimpowder is this :—That particle of it
on which a sjark f.ills la immediately heated to the temperature of
ignition ; the nitre Is decomposed, its oxygen combines with the char-
coal, whilst the sulphur unites with us potasdum of the nitre,
thti*:—

KONO, -f8 + JO = K9 -(-?» + SCO,
;

Nitre, Selphtds of Carbonis

polaaaiom. acid.

this cumbiuation Bztrioates as much heat as is suilioifnt to inflame
successively, thou^ npiilly, tho remaining mass. The cause of tho
expensive force of gunpowder is the production of earbonie aoid and
nitromn gases ; and these lieing liberated at a very high temperature,
the effect is greatly increased. Gunpowder is thus expanded about
4000 times at the moment of explosion. According to Oay-LussM,
every 100 volumes of the gas produced consist of 53 parts of carbonic
•old, 5 of oarbonio oxide, and ii of nitrogen. The carbonio oxide is

formed by an excess of charcoal, as in the English powder. The solid

remaining after the combustion is principally sulphuret uf potassium
;

but it is evident that the proportions and nature both of the gaseous
and soUd products of the combustion must depend on the composition
of the gunpowder.
Gunpowder maybe fire<l by the electric spark, and by percussion.

If it be mixeil with powdered glass, or any other hard substance, and
struck with a heavy hammer on on anvil, it almost always explodes.
It readily bums under water, and by using a slowly burning powder,
such OS squibs are filled with, may be indamed in a tube of copper,
and the gaseous products of the combustion may be collected in a glass

jar filled with and inverted in water in the pncura.itic trough.
In ascertaining the goodness of gunpowdor, which is done by deter-

mining its strength, an rprouvttte is employed to measure its projectile
force. This is a small strong liarrel, in which a given quantity of the
powder is fired, and the comparative expansive force is measured by
the action exerted on a spring or weight.
A ready but not a very accurate way of analysing gunpowder is to

wash out the nitre of a given weight by water, weigh the residue, which
will sliow the quantity of nitre dissolved, and boil it in a solution of
potash ; tho residue, after washing and drying, will be the charcoal,
and its weight taken from that left after the action of the water will
show the quantity of sulphur dissolved by the potash.
GUNTER'3 LINE; GUNTERS SCALE. [SuDiNO Scale.]
OUTTA-l'ERCHA MANUFACTURE. Few substances apphcable

to the arts have sprung up so rapidly into extensive use as gutta-
percha. Twenty years ago it was wholly unknown in Europe. In
1842, Dr. Montgomerie, a resident at Singapore, looking at a native
wood-cutter while at bis employment, was struck with the pecnILir
appearance of the handle of the axe ; it was formed of some material
not familiar to him. On inquiry, Montgomerie found that the sub-
stance of which the handle was made could bo moulde<l into any form
by dipping it into boiling water until it became soft, and that it

speedily resumetl its tough and rigid condition when removed from tlia

water. He next ascertained tlut the substance resembled caoutchouc
in this : that both exude from Iwtween the bark and the wood of
certain forest trees. The natives around Singapore oalle<l it by a
name which, with an addition, soon became Oulla-percha. Dr.
Montgomerie sent specimens, in various stages of preparation, to the
Society of Arts In Lon<lon. Indeiicndently of Dr. Montgomerie,
however, a discovery of the tree and the gum was also made by Mr.
Thomas Lobb, who in 1842-3 was travelling in the east as agent for
Messrs. Veitch, of Exeter. Those enterprising botanistai and florist«

employed their agent to procure new or rare plants for transmission to
England ; and while on his rambles, Mr. Lobb acquired a knowledge of
gutta-percha, as a gum which exudes from trees. When the small
pieces reached the Society of Arts, Mr. Whislutw and Mr. Hancock
experimented on them, with a view to discover their useful qualities;

pipes, lathe-bonds, and sheets were soon produced in a rough way, and
a baiis was obtained for an important addition to our materials for

manufaoturea.*
It gradually became ascertained that the gutta-peroha tree abounds

in the MaUyan Peninsula, in Borneo, and iu various islands of the
Eastern Archipelsgo. The oliiefs of those islands, or portions of them,
contrive to obtain a profit out of tlie trade ; but there is still sufficient

left to allow remuneration to all else concerned. For about sixteen

years the trc<» have eagerly been cut down as a means of obtaining
the gum ; ami however this may be regretted as a wasteful proceeding,
it nevertheless cleared the ground for future settlers in those islands.

Europeans ore, however, teaching the nativee how to obtain the sap
without cutting down the tree. The tne belongs to the Sapulaeeo»4

* Credit bos been Riven, In mont of th* technoloiical and wirntifio publioa-

(ion«, to Dr. Muntgniiierie, a-i the person who first intnxluccd [in the way
ni.tlied) gutia-percha 10 the attention of Europeans. In I83<<, huwircr, a claim
was put in for Don Joss d'AImrida ; who. In 1843, bought tvoie of the gum from
the natives cf Singapore, brought it to England, gave a portion to a fellow-

; sod snit the refflainder to the Royal Asiatic Sooletx.
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or gum-exuding gi'oup ; the wockI, soft and sjwngy, is not of much use
;

the fniit yields a thick oil, which the natives mix with their food, and
from which an"ardent spirit can be obtained. The sap, which forms

the most valuable product, circulates in small vessels between the bark

and the wood; by tapping, or cutting notches in the branches at

certain seasons, it flows out without endangering the life of the tree.

How far the process can be so managed as to obtain a continuous or

periodical supply from the same tree, is a problem not yet solved.

The sap flows out into vessels held underneath. Before it ia con-

(olidated by the eiction of the air, the gatherers knead it into lumps by
the hand or by a piece of wood; it is brought into any shape at

pleasure, but usually comes to market in the form of roundish lumps,
eight or more inches in diameter. Most of the gutta-percha of the

Eastern Archipelago comes to Singapore as the chief market; and
the buyers too often find it adulterated with wood, stone, and
other impurities, to increase the weight ; there is also much refuse

of bark, leaves, and dirt mixed up accidentally with it. On these

accounts, all the specimens are narrowly scrutinised on reaching
the London market, to determine their net value when freed from all

impurities.

Before gutta-percha can be applied to any of the numerous purpo«es
for which it is now knon'n to be valuable, it requires a great deal of

prep.Tjatii>n. The prejaratory processes are peculiar, on account of the
remarkable toughness of the substance. The masses are first cut into

slices, by means of a wheel provided with knives or blades ; the wheel
revolves two or three hundred times in a minute, and the slices are cut
as if by a turnip cutter. If there are any stones or other hard
imparities in the lumps, the slicing detects it ; the cutting edges are

blunted, and the adulterants re^piire to be removed. The gutta-percha
varies much in colour, consistency, and othei- qualities, even iu the
same mass ; and a thorough mixing becomes necessary. The slices are
thrown into a tank of water, heated by steam ; the dirt and heavy
impurities fall to the bottom, leaving the gum as a pasty mass. The
gum is then transferred to a rotating machine, where sharp jagged
teeth rend and tear it asunder with great violence ; the fragments fall

down into water, where they float. After another softening in hot
water, the gutta-percha is transferred to a kneading trough ; this is a
kind of cylinder, kept hot, in which revolving drums knead and roll

the substance most completely, rendering it as homogeneous as possible

in all parts. The shapeless but purified mass is next brought into

certain forms, preparatory to its useful application in the arts. These
forms may be blocks, slabs, sheets, or tubes. In forming sheets, the
gutta-perdia is passed between steel rollers, placed at a distance apart
oorrespunding with the thickness of the sheet to be made. By the
adjustment of a few knife edges, these sheets may be cut into bands
or strips of any width. In making tubes or pipes, the gutta-percha is

softened, and passed through heated iron cylinders, where it is reduced
to size and form by a kind of wire-drawing process.

To estimate the actual and prospective uses of this singular sub-
stance, we must take note of its pro]>ertie8. The toughness of gutta-
percha, differing from the elasticity of caoutchouc, and the fiwility with
which it may be softened by heat, render it fitted to receive and retain

any form that may be given to it It is very easily pressed in moulds,
while in a w^rm and plastie state. Whether wet or dry, its uses are
confined to cold purposes, as it is soon afiected and thrown out of shape
by heat. For many purposes, naphtha and other inflammable liquids

act as cements and solvents for it. Its surface is susceptible of being
so prepared as to receive paint, gilding, japanning, burninhing and other
decorative modifications. Its remarkable relition to electricity renders
it an invaluable substance fur coating telegraphic wires. Its stubborn
resistance of the corroding action of many powerful acids, alkalies, and
salts, fits it for use in vessels and pipes for chemical operations. Its

impermeability to water has brought it largely into use as a sheeting
for damp walls and other places.

The works of the QuttarPercha Company, iu the City Bead, are the
largest in any country; and a list of the articles mada in that esttblish-

ment would show into how many departments of every-day life the
nso of this substance has extesdisd. Such s list need not be given
hare ; lor every week would add something to its length ; but the uses
inigllt easily, if neoessary, be grouped into such headings as dotiuttic,

ntrffieal, elunniral, manufacluring, agricullKral, eleetnctU, maritime,
engineering, and ornamental. The gutta-jjcrcha, when applied to these
uses, is in form of a sheet, a strip or ribbon, a rod, a tube, a cord, a
cloth, fto. ; and many processes, especially stamping, are employed to
fashion the gutta-percha into the desired shapes. The gum possesses
much value as a material for water-pipes ; it is strong and tough ; it

resists frost ; it leaves the water as pure as it finds it ; it will bear
s great amount of friction and hard \uiage; it resists the action of
nartne insects; it is conveniently flexible as a material for hose
for watering g.irden3 and roads, and sprinkling malt ; and it is recom-
mended by many physiciann as a substitute for lead pipes, on
account of the deleterious nature of the latter. A giitta-i>eroha
tube three-quarters of an inch in diameter, and one-eighth of an
inch thick, has been found to bear an internal pressure of SOO lbs. on
the square inch, without bursting ; it yielded a very Uttle, and then
resumed its original form. The A mericans, in carrying the water of
the great Croton aqueduct into New York, laid down a gutta-percha
pipe, a thousand feet in length, along the bed of an intervening river,

where it was kept down by anchors ; the pipe bore the pressure of the
aqueduct water within it and the river water around it, as well as the
weight of the moorings and the friction of the bed. In a wholly different

department of apphcation, gutta-percha is singularly valuable ; no other
known substance equals it for acoustic properties. The sonorous
vibrations of the air are less stifled iu a gutta-percha tube than in one
made of any other substance ; hence the extensive use of this material

for speaking-tubes, ear-trumpets, domestic telegraphs, &,c. ; it .assists the
hearing of partially-deaf persons, and transmits the sound of the
voice to a distance which would otherwise render it inaudible even to

sensitive ears. The electric insulating properties of guttapercha are

now well knov^'n, :ts among the most indispensable conditions for

telegraphic communication. In land electric-telegraphs, there ia no
occasion to coat the copper-mres with gutta-percha, provided the

supporters are made sufficiently insulating; but for the submarine
wires .such an envelope is necessary, to prevent the electric current

from difiusing itself in the surrounding water. Wires coated with gutta-

percha have also been found serviceable for igniting blasts of powder,

in great engineering operations. Gunpowder has been blasted at one

end of a wire 70 miles long, by a galvanic current sent iu at the other

end. In its form as a sheet, gutta-jiercha is used in many situations in

contact with cold water, on account of the ease with which it can be
cut and cemented, and the way in which it resists moisture. It has iu

this way been successfully applied as a lining for cisterns ; as a

material for water-buckets and valves ; and as an extra sole for boots

in wet weather. Some of the boats made of gutt;v-percha have
presented very remarkable qualities. Mr. Snow, who had charge of a

gutta-percha boat in the arctic ship Prmce Albert, said :— " The
severest trial it endured, and endured succesfsfully, was in both my
visits to Whaler Point, Port Leopold. To those unaccustomed to the

nature of such ice as wa.s there met with, it will be impossible fully to

conceive the position a boat was placed in. The mere transit to and
fro, among loose masses of ice, with the sea in a state of quiescence,

would have been quite enough to prove the value of gutta-percbs.

boats; but when, as in the present case, those masses were all in

restless agitation, with a sea rolling in upon an opposing current, it

might have been well excused—and without deteriorating from the

previously-attested goodness of the article— if it had not been able

to resist the severe shock it received. . . . Sliding througli and over

the ice ; sometimes lifted completely out of the water by the sudden
contact of a restless floe, and at others thrown sideways upon an
adjoining craggy piece, I think it would have been next to impossible

for any other kind of boat to be otherwise than cniahed or stoved on
the instant." The name of Gutta Percha Inlet was given to the place

where this boat liad rendered such valuable service.

AVidely different from any of the al»ve-named uiies, are those in which
gutta-percha is employed as a material in decorative art. It is fitted

for such purposes chiefly in virtue of the facility with which it takes the
impress of a stamp or mould when heated, and the correctness with
which it maintains that impressed form when colil. The mould may
be of metal, wood, or almost any other material. One of the most
frequent modes of producing the casts is this. A piece of sheet gutta-

percha is laid upon a ste.im heated slab of marble or stone ; when
sufficiently softened, it in laid ujion or in the mould, a counter-moukl
is l.iid upon it, and a screw-press finishes the process. If the pattern

be in very bold relief, a hydraulic-press m.%y be necessary ; but in most
cases a hand-press supplies a sufficient degree of force. Some years ago
the Irish Patent OSice adopted gutta-percha as a material for the seals

of p,-ttcnte, on the ground that it gives Ixild and eharp outlines, and is

free from the odour, brittlcness, and greasiness of the ycUow wax pre-

viously emjiloyed ; but this novelty has, we believe, not been retained hj
the commissioners of patents. It is by a process of pressing in moulds
that a vast number of articles are made in gutta-jiercha, useful in thair

application and ornamental in their appearance. Sometimes a dextrous
workman will give a clouded or grained or veined appearance, by avait

ing himself of the difierent tints which different pieces of guttapercha
present; when the surface ia polished, this diversity give.4 rise to muab
beauty of appearance. More closely as.sociated with tiue ai'ts are those

processes in which gutta-jiercha assists in a kind of engraving or trans-

ferring—fur which see Enohavino; Printing; Photoshaphy.
In all that has been said hitherto concerning guttarperclu, the use

of that 8ul«itaiicc by itself is implie<l ; but much ingeiuiity has

been displayed in producing combinations. One among the many
modes of employing gutta-percha as a material for models, moulds^

medallions, Ac., is that of Duthoit, a French inventor. The guttft.

percha is lirst dissolved in naphtha, then filtered, and then put into a

still, with the addition of oxide of zinc, sulphate of barytes, amianthus,

and one or two other substances. When the mixture ha."? been well

stirred, heat is applied, and the volatile elements driven ofl*. The
composition being taken out of the still, is ready for use. Colouring

matter is either put into the still with the other ingredients, or it is

mixed afterwards by masticating the composition with it, iu presence

of warm water containing a little scjda. The substance thus prejiared

is suitable to make not merely models and movUded articles, but also

tissues, artificial-flowers, and a substitute for leather. If diluted with

naphtha or benzole, the composition may be used as a liquid paint.

Some of the compositions are intended to liquefy rather than harden

the gutta-percha : suoli as that of dissolving the gum in carburet of
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l^yjiugeu , wliicb iiroducoa a litfrnil useful for rvmoviiig greoae, making
good Tarauh, uid improvinK the (urboa uf inkingrollen.

Many inquirie* of it pecoUar clunkcter have reoently been made into

the prui>ertiea, purity, exoellencei, uid defecta uf giitta-peruhn, under
irarious circuuixtancoa. The telegraphic una of thia subataooe are

among the uiu«t important ; for whether the wire* paM through the

aaa or underground, they equally require to be protected by a oovering

of gutta-pereha, or tome other inaulating aubitance; and it ia very

eiaentiti that thia insulation iihuuld be proof against all the enemiea
who are likely to attack it. One of the important circumstances con-

nected with the uae of gutta-percha for telegraphic purposes, is the

tsodencT of the substance to become heated when closely packed.

Nearly 700 miles of coated wire were sent to India iu 1853, packed in

deal boxes ; it was found on oirival to hare been in a soft state during

the voyage, allowing the wire in some places to aqueece through the

gutto-persha ; and also that the envelope had become rather brittle

after ua cooling when opened. When pocked closely for some time,

th« substance beoomea neated, absorbs twenty or more per cent of

oxygen, and is chemically on altered substance, losing much of its

insiuating |>ower.

Another inquirj-, connected with the telegraphic uses of gutta-percha,

relates to a peculiar and little understood kind of decay to which the

gum is subject, tending to destroy its useful qualities. In the autumn
of 1856, some of the British Electric Telegraph Company's wires ceased

to work south of Berkhampstead. Mr. Edward Highley made a careful

examination of the circumstances, with a view to discover the cause.

The wires were enclosed in a wooden trough or trunk, about two feet

below the surface of the ground. He found that wherever the wires

psssnri near oak-trees, the troughs and the gutta-percha were decaying

;

but ths Ticinity of oUier trees did not seem to produce the same in-

jurious result. On examining more closely, he detected a whitish-

looking substance, resembling the spawn of the mushroom or some
other fungus ; it spreads around the dead roots of the oak-trees, and
around the trough, carrying decay with it; and the gutta-percha

at those places was quite rotten. Portions of new trough and gutta-

percha bad iu this way been rendered useless in the short space of six

months. Under each tree was found a yellowish-green fungus, lux-

uriantly growing ; but it was not quite apparent whether the white
substance was a distinct plant, or the spawn or mycelUum of the
yellowish-green fungus. The subject was rightfully regarded as of

much importance to the owners of subway or subterranean telegraphs

;

and Mr. Highley was requested to continue his investigations. During
the year 1857, he exposed several specimens of sound gutta-percha to

the action of the mycellium of a fungus, namely, the Agariciu cam-
peUrit, in a bed of soil of sufficient depth ; and in four months he
found the gutta-percha completely eaten away.

Irrespective of all inquiries concerning the practical application of

gutta-percha, are others relating to an extension of the field of supply.

Already it is known that three kinds reach the market, called gutta-

percha, gutta-luion, and gutta-</irfi-, ditfering very little in projierties

;

and it is considered that many varieties of trees, growing in tropical

countries, may probably yield a juice or sap which, carefully collected

and subjected to manufacturing purposes, might weaken monopoly by
extending the use and enlarging the conditions of supply. The Society

of Arts, in 1852, offered a premium for the importation of any new sub-

stance which could be used as a substitute for gutta-percha. Partly

arising from this offer, and partly from the natural importance of the
abject, many vegetable juices have from time to time been brought
unai» public notice. Mr. Meadows Taylor, of Hyderabad, wrote to

the ' Journal of the Agricultural and Horticultural Society of India' a
description of the properties of the Muddar plant of India, in reference

to the use of its juice as a substitute for gutta-percha. Dr. Riddell,

of the Nizam's army, foimd that the milky juice or sap of the muddar,
when exposed to the air, dries tough and hard. It is a common hedge-
plant, very abimd.ant in the Nizam's dominions. In order to test the

Juice in various ways. Dr. Riddell collected and solidified some of it.

t was found to be quite soluble in spirit of turpentine, producing a

good Tarnish. When heated with acids, it became affected almost
exootly in the same way as gutta-percha. It softened in hot water
sufBdently to take the impression of a seal, and to be fashioned into

cups. This natives of Raj{Kiotana have long employed it as a waterproof
varnish. The tree will grow on the poorest land, and yields a fibre

available as a substitute for hemp, and therefore deserving the atten-

tion of commercial men. Still later (in 1856), Mr. Osborne, of the
Bast India Company's Civil Service, sent to the Society of Arts speci-

mens of desiccated juices which he had obtained from trees near
Ooruckpoor. When procured, the juice was nearly milk-white, with
a satin-like texture; it gradually hardened in the air, and softened
again in hot water. In the semi-fluid state it could be easily kneaded
and extended ; or used for the impression of a seal, which reiiiaius iu

its proper shape when cold. It cfiaced pencil marks, like india-rubber,

but soiled the paper. The exterior became gray after a time. The
gum was scsrccly affected bv cold water. When exposed to the flame
cA a oaodle, it melted and inflamed like sealing-wax. It dissolved

completely in oil of turpentine, and then formed a good cement for

uniting broken ^laas or china. Professor Bleekrode, connected with
the Dutch oolomes, published, in 1857, a full account of a Surinam
tree, from which excellent gutta-percha can be obtained, or at least

an exudation roaombling iu n>ost of its useful properties that sub-

stanoe. The BnlUl-ttxt, or Outta-pertka Sapota, as this tree ia now
called, is very common in groups on the hilly regions of Surinam,
above the alluvial plains. When quite dry, the gum weighs about
14 per cent of the original juice, 86 per cent, having gone off in

moutore. ^Vhen separated by alcohol, this |utt»-percha is a Iwautiful

substance, as white as snow. When tested m various ways with heat,

ether, alcohol, chloroform, benzole, oil of turpentine, sulphuric acid,

nitric acid, hydrochloric acid, ammonia, caustic potssh, or caustic

soda, this new substance presents all the recognised qualities of true
gutta-percha.

In order to extend the present amount of knowledge oonoeming gutta-
percha, the Society of Arts, in March, 1858, appointed a committee
" to direct the institution of a series of experiments on gutta-percha, and
to report from time to time such observations as may appear to elucidate

the nature and cause of its decay, the differait qualities of the substanoe,
modes of detecting adulteration, and any other points valuable to the
manu^turer or to those [who use it," The committee consisted of
eleven members, comprising the oonsulting engineers of two of the
Electric Telegraph Companies, and several scientific men. They drew
up a list of thirteen questions, relating to the decay of gutta-percha,

the effects of heat and weather, the effects of age or long keeping, the
best mode of joining separate ^eces, the insulating properties, &c.

;

and another list of twelve questions, relating to the growth and trade

in the article—such as the kind of trees, the season for gathering, the
age of the tree, the possibility of obtaining the sap without cutting
down the tree, the number and nature of the kinds known in com-
merce, and the possibiUty of cultivating gutta-percha trees in locaUties

not at present enriched by them. These printed queries were dis-

tributed largely, with a view of obtaining information from all available

quarters ; and the inquiries are still going on, which this proceeding

Regarded in its commercial relations, gutta-percha manufactures
have not yet become largely exported. It is comparatively a new
substance, and we can easily use at home all that can be procured.
The manufacturers are yearly taking out patents for the application of

the gum to useful purposes. The import into the United Kingdom,
iu 1856, vras about 16,000 cwt, worth 64,000^ ; since which year it has
considerably increased.

aUTTA SERENA is that kind of blindness which arises from
derangement or disease of the nerves of the eye, whether before or
after their separation from the brain. The name originated in a
notion, long prevalent in the schools, that all diseases ore attributable

to some deleterious fluid or humour circulating in the blood or dif-

fused in the substance of the part affected. The epithet laene was
intended to intimate the comparative freedom from pain, and the
absence of any unpleasant change in the appearance of the eye,

which distinguish this class of ophthalmic complaints from others

equally destructive of sight. Hence Milton, whose blindness vras of

this lund, thus addresses Light (' Paradise Lost,' iii. 22) :
—

" But thou
Rerisit'st not these eyes that roll in vain

To find thy piercing rajr, and find no dawn

;

So thick a drop serene hath quenched their orbe.

Or dim sufi\uion veiled :"

and in the lines to Cyriack Skinner, he notices both the external

peculiarity and the cause (by far the most frequent one) of lus blind-

ness, OS well as the occasional suddenness of its attack :

—

" Cyriack, Md three yean' day these eyes, thoufh elear

To outward view of btemish or of tpot.

Bereft of light, their seeing have forgot.

* * * • •

* * * AVhat supports me, dost thou ask t

The conscience, friend, to hart lott them overplitd

In liberty's defence, my noble task."

But the rejection of the humoral pathology has been extended to

the ,'nomenciature derived from it ; and this fanciful, though still

popular term, which seems to have been devised expressly for the
poets, has given place in modem systems of nosology to that of amau-
rotit (iiuLvfios, blind).

The moat frequent seat of the complaint is the retina ; the next ii

probably the brain itself, or that part of the optic nerve which, lying

within the cranium, is in contact or communication with the brain,

and partakes of its diseases. But recent observations and experiments

have proved that the affection of the optic nerve may be secondary ;

and that the primary seat of the disease may bo in certain other nerves

conuecteil with the eye, though not immediately subservient to vision.

It may likewiee be s}-mptomatic of irritation in some distant organ,

probably tliiough the intervention of the same class of nerves. The
temporary failure of sight during a bilious attack is of this nature : we
nuy also here mention once for all that the affection is sometimes
merely hysterical, in which case though the blindness may be total it

is rarely permanent ; and the same remark may be made of a kind of

amaurosis which occasionally results from the Irritation of worms in

the iutvstiiial canal.

The effects of remedies and some oiler coosideratious appear to lead
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to the conclusion th.it amaurosis is generally of an inflammatory

nature, or dependent at least uix>n a congested state of the blood-

vessels. It is however unquestionably sometimes the result of an

opposite state, for it may be brought on by excessive or repeated losses

of blood, by long-continued nursing, and by other immoderate dis-

charges and secretions, and is sometimes the etfect of mere debility.

It may be caused by simple pressure on the optic nerve, as by the

growth of a tumour, or by apoplectic effusions within the head : in

this case it is analogous to the paralysis of a limb. A slight stroke

received unexi)ectedly upon the naked eye-ball may produce it,

although a violent blow when the lids are firmly closed has no such
consequence. In this case it is called concussion of the retina, and is

analogous to concussion of the brain. It may also be the instanta-

neous effect of a flash of lightning. But the most frequent causes of

amaurosis are exposure of the eye to too bright a light, as in watching

an eclipse of the sun ; or over-exertion of it in laborious study, espe-

cially at night, or in occupations such as that of the watchmaker. The
Esquimaux are very subject to this complaint from the bright re-

flexion of their snow-fields ; and have learned by experience to guard
against the danger by using snow-spectacles, which are pieces of wood
pierced with small circular holes, bound before their eyes, so as to shut

out a part of the field of view.

We cannot enter at length into the symptoms of amaurosis, which
vary of course with the seat, the cause, and the degree of injury. The
chief symptoms are a more or less rapid failure of sight, by an increas-

ing dilution of light with darkness (if the expression may be allowed),

rather than by the appearance of a cloud. Moving spots, called mmcie
volitantes, are generally seen to flit before the eyes, especially when
they are closed. There is generally some degree of pain in the organ

itself, and in the forehead ; when the complaint arises from exhaustion,

it is felt chiefly towards the back of the head. Exertion of the sight

is always fatiguing and painful. The pupil is either pretematurally

large or small, and obeys the stimulus of light either not at all or very

sluggishly. The eyeball is sometimes too soft ; in other cases un-

usually firm ; or it may be of the natural degree of hardness. A
degree of fever is Joccasionally present. If one eye becomes affected,

the other generally follows, especially if the cause be common to both.

The complaint is most usual after the middle period of life ; it is

frequently found to affect members of the same family, and comes on

about the same age. Dissipation of all kinds, and especially habitual

inebriety, predispose to it.

Confirmed amaurosis is seldom cured ; but in its early stages much
may be effected by careful and skilful treatment ; and the means
may generally be adapted with great precision to the nature of the

case, by attentive consideration of its symptoms and history.

Depletion, aperient medicines, abstinence, and a darkened chamber,
miist of course form a part of the treatment when the case is inflam-

matory : but mercury, pushed if necessary to the extent of sahvation,

ia the remedy most to be relied on ; indeed, without it, the oculist

would have little chance of success in any case.

When the symptoms arise from exhaustion, an opposite plan of

treatment is obviously proper ; but even then the moderate action of

mercury is sometimes requisite. Blisters behind the ears and between
the shoulders are frequently of great service in both descriptions of

cases. In sympathetic amaurosis the attention must of course be
directed in the first place to the organ which is the original seat of

irritation.

This complaint not unfrequently forms a complication of cataract

and of closed pupil ;
probably from extension of the inflammation from

the parts of the eye affected in those disorders to the choroid coat or

to the retina. Operations for the cure of either of those causes of

blindness would be attended with no advantage in such cases, and
should not be undertaken.
GUTTURALS. [Alphabet.]
GYMNASTICS, or more properly gJ|mn(utic\(•YV|ulaarMl^, from the

word yviiv6s, naked ; it being customary among the Greeks to strip

themselves, wholly or in part, before engaging in bodily exercises, and
tiience the word has been used to denote such exercises intended to

increase health and strength). The first notice of their employment is

found In the second book of the ' Iliad,' where the Grecian soldiers

are described as having disembarked from the ships, and playing at

quoits and javelin-hurling on the beach ; and again, in the twenty-

third book, Achilles is represented as instituting games in honour of

Patroclus, whose funeral ceremonies had just been performed, and as

bestowing rewards on the victors in chariot-races, boxing, wrestling,

quoit-thiowing, &c. At this time these exercises seem to have been
principally practised as combining amusement with the best means
of pbtaining bodily strength and activity ; but at a later period games
wart dedicated to the Gods, and, being regularly established, were
conducted with the greatest ceremony ; honourable rewards and civil

distinctions were publicly bestowed on the conquerors, the chief of

whom were deemed in no slight degree exalted above their fellow-

citizens. These rewards being called athla (i0\a), gave origin to the
name of alhUla (iSX-ifrai,) applied to those who contended for them ;

a designation adopted by the Romans, and from their language intro-

duced into our own and others of modem Europe.

It was just before the time of Hippocrates, as Plato in the third Ix>ok

of his ' Politeia ' tells us, that gymnastic was made a part of medicine.

as a means of countenictiiig the bad effects of increasing luxury and
indolence. It was gradually reduced into a complete system : public
buildings called gymnasia were erected for the purpose, and superin-
tending officers appointed by the state. The first gymnasia were built
by the Lacedaemonians (Plato, N<i;Uoi, hb. i.), and after them by the
Athenians, who had three in the immediate neighbourhood of their
city : one, called Academia, where, attracted by the pleasant walks
which surrounded it, and the concom-se of people of all classes who
daily resorted thither, Plato was in the habit of holding his conferences
with his pupils ; another, named Lyceum, in which Aristotle taught ;

and a third, called Cynosarges, which was frequented only by the lower
order. Those built by the Romans were on a more magnificent scale,

and from the extensive baths which were attached to them are not
unfrequently called Thermje.
The exercises practised in the gymnasia were the following :—
Dancing, which was of various kinds. In some the movements were

much like those of modem tumblers ; in others, balls of various sizes

were thrown about in regular time from one person to another ; in

others, various figures and actions were gone through in imitation of
battles, sieges, &c., in which the military engaged in full armour.

Wrestling.—This, like the former, was practised alike in the gymnastics
of the military^ of the athleta;, and of those who merely used the
exercise for the sake of health. The practice seems to have been much
like that of modem wrestling.

Boxiwj.—The use of boxing seems to have been confined to the
gymnastic practices of the militai-y and the athleta;, for neither Galen
nor any other writer on medical gymnastics recommends it. It was
practised naked, either with the open or clenched hands, or with brazen
or stone spheres held in them (whence o-^aipojuax*'"), or with the cicstus,

which consisted of a leathern baud studded with metal knobs, wound
several times round the hands and wrists. A mixed exercise of boxing
and wrestUng (like modem boxing) was also practised under the name
of Pancratium, but, like the two of which it was composed, it formed
no part of the medical gymnastics.

Jiunning formed a part of all gymnastic exercises.

^a/>in</.^There were various kinds. Besides jumping upwards and
horizontally, they used to practise springing from their kiiees, and with
heavy weights called hallirea (aKriipfi), which they canied in their
hands, or on their heads or shoiilders, or even on their feet in the form
of leaden shoes.

Quoiln.—This game was played by all classes. The discus or quoit
was a round lens-shaped piece of stone, iron, or brass, about three or
four fingers thick, and nearly a foot in diameter, which was projected
under-hand. [Discus.] There was also an exercise similar to quoit-
throwing, in which the haltira, or round bars of metal, somewhat con-
tracted in the middle, and very like a modem dimib-bell, were
employed.

barling.—In this the dart-javelin and m.iny other missiles were
thrown over-hand, the object being, as with the quoit, to hurl to or
beyond a certain distance.

In addition to these exercises, which formed the regular business
of the gymnasium, and which were conducted under the especial

direction of the state, numerous others were practised by the Greeks
and Romans, either at their public games, or as private amuse-
ments conducive to robust health, as riding, driving, swimming,
rowing, climbing of ropes, swinging, mock fights of various kinds,
standing erect for a lengthened period, holding the breath, shouting,
Ac. The use of baths, too, formed an important part of their hygiene :

they were attached to all the gymnasia, and were invariably employed
after exercise. [Bath.] Various officers were appointed to conduct
the exercises of the gymnasium. At Athens the chief officer was
called gymnasiarchus. It was his duty to superintend the whole
establishment, and all the exercises ; while the xystarchus superintended
the more athletic only of the exercises. There was also the gymnastes,
who, being skilled in medicine, was required to prescribe the kind and
extent of exercise which each was to use, and under him was the
picdotribes, whose place it was to wait on those exercising, to assist

and instruct them, to dispense, as Galea says, the means which the
gymnastes prescribed. There were also seivants set apart to each set

of exercises, and for anointing, for the baths, &c.

Various causes have operated to put an end to the practice' of

gymnastics as a part of education and as a means of maintaining health.

The present mode of warfare, in which success depends so much more
on the science of the commander and the knowledge of gunnery, of

fortification, and other arts, than on the physical force of each combatant,
has rendered the attainment of skill in each of the branches enumerated
more necessary than great bodily strength or activity, and hence among
the military gymnastic exercises are almost entirely superseded. The
exercises of the athletaJ are indeed preserved, and the art of training

is probably even better understood in the present day than it was
among the ancients, though the censure which the philosophers then
bestowed upon such training is just as applicable at the present day.

Plato ('Pohteia,' lib. 3) describes the athleta) as dull, listless, and
stupid, and subject to numerous diseases, cultivating nothing but a

robust body, and leaving the mind in complete neglect ; and Galen
(' De Morborum Temporibus ') speaks of them as gluttonous and heavy,

sleeping long and soundly, and seldom remaining in good condition for

more than five years. The same remark might be made of the present
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noc of pugitMia, wrwtltn, ho., and cwUinly Um gymnwUe •zercuM
wbich {onu Mrt of Um sjaUm of modern tnitiinc praMot ootlung in

tbc effacta whioii Uiav produoe, mtiur oo Uie nuM or body, tbat would
mik* tb«ir ganstml adoption desirable.

Tb* Hma oannot ba said of gymniatio enroiaaa praotiaad under
proper oontrot, aa a meaiu of inauriug a robiut kabit of bodjr, and
througb it a vigoroiu intellect, or of curing certain cbronio diw'aana
In utai eatimation were tbey held for tUia purpose anMUg tb* aneienta,
thatbotb Platoand Ariatotle (bought no ropuUio ooold badaenad perfect
in wbicb gymnaaia were neglected aa port of tbe national eatahliah-

meota ; nor did tbey aatimatu tbair value too highly. The ofaaanwtion
of everr day plainly abows bow great an influence tbe mind and body
mutually exert on aaob other, and if the care and cultivation of the
former be a anbject deaerring the eepecial attention of tbe atata, tbe
proper training of tbe latter ^ould undoubtedly at tbe same time form
a part of every ayatem of education. It is however not only neoeaaary
tMt «Mroiaea or gymnaatica should be a part of education, but it is

•bo naeeanry to provide that the gymnaatica should b« pro[jer in kind
and in degree, in conformity vrith the judicious observations of Aristotle
(• Polit," hb. 8).

The principle on which gymnastic exercises act is evident; their
immediate e&ot ia an increase both in the size and power of the parts
azerciaed, in consequence of an admirable law which obtains in living
bodies, that (within certain Unfits) in proportion to tbe exertion which
it la required to make, a part inoreaaea not only in strength and Btness,
but alao in un. Instancea of the application of this law may be seen
daily. A peraon ia called on to engage in some new avocation, in
wbicb muscular exertion ia required, and every day be is not only
improved in strength and dexterity, but tbe musdea brought into
unusual action increaae rapidly in size and vigour, so as soon to sur-
pan tboae of the rest of the body which have been leaa employed.
Nor doea the beneficial influence stop here. If the exertion be not
oaniad ao far as tb produce excessive fatigue, all other parts of the
body sympathise with the improving condition of that which ia chiefly
exerted ; the circulation, excited from time to time by the exercise,
acquires new vigour, and the blood being thrown with unusual force
into all parts of the system, all the functions are carried on with
increased activity ; an improvement in the general health is soon mani-
fested; and tbe mind (if at the same time judiciously cultivated) ac-
quires strength, and is rendered more capable of prolonged exertion.
Aa instancea of the bad efiects of a deficiency of exercise, it will be
Bn£Boient merely to allude to the condition of those who, being com-
pelled to a sedentary occupation during the greater part of the day,
neglect to occupy a part of their leisure time in some active exertion,
as walking, riding, Ac.
But perhaps still more injurious effects are seen in large schools of

girls, and especially in those in and about the metropolis. Tbe fashion
which prescribes a long liat of so-called acoompliabmenta aa easential to
the education of ladiea, each of which requu-es a portion of the day,
has left little or no time for bodily exercise of any kind; and the want
of attention to this necessary condition of health has produced a great
part of the disngaea to which yoimg females are subject. It would be
difficult to say bow alaeit is that tbe proportion of girls who are affected
by curvature of the spine and other deformities' is so much greater
than that of boys of tbe same age and condition in life. Dr. Forbes
(' Cyclopsedia of Practical Medicine ') mentions the case from his own
observation of a boarding-school in which " there was not one girl who
had been there two years that was not more or less crooked." He
adds, " scarcely a single girl that has b^en at a boarding-school for two
or three years returns home with unimpaired health." If the condition
of boys at boarding-school be compared with this statement, the con-
duaion is unavoidable that the exercise allowed to young females is

not only inauffidant aa regards the time devoted to it, but of too
raatrainad a natura. Its iU effects indeed, when they first become
arrideot, are vary generally increased by the use of various means for
supporting the parts which are supposed to be weakened, and for
maintaining them in a paasive condition of rest; whereas the only
means by which their healthful vigour can be restored is their judicious
•xercise. A system of proiwr exercises would undoubtedly be bene-
ficial, not only to the body, but to the mind ; and the loss of the time,
before devoted to study, would be fully compensated by the increase
of mental activity which the pupila, healthy and robust, would then
bring to tbair atudies.

Exoaaaive exaroiae, on tbe other hand, akould be carefully avoided

:

for though laaa frequent, inatanoes are not uncommon where undue
exertion baa produced effacta acaroely leaa injurious than thoae which
result from in.ictivity. The existence of either cUh of evils in suffi-

oiont to prove that gymnaatica ahould form a i>art of the education of
youth, a* much as 'Hiterary instruction. mn.sic, an<l the art of design,"
which, with '• gymnastic," arc mentioned by Aristotle (' Polit.' lib. viii.)

aa the four branchea of instruction recognised in hia diy. In onler
tbat mnnnsitica may produoe their proper reaulta, aome general system
•houM be ertabliabed in all achools, by which one sex may bo pra-
•anred from the evila of deficiency, and the other from those of exceas
in exertion ; and the beneficial influences which gymnastici cxeroiaa
on the mind aa well as on the body, on the undentanding and moral
habits aa wdl as on tbe haaltb and strength, may be aeouted to both.
A daaira to reunite physioal with mental traming is, however, now

boooniing prevalent, and to aid in thia objeot (he aug^^aa^ona which
follow are made. A description of peculiar gamea u acaroely re-

quired, aa most readera are familiar with their charact<.-ristica. The
bygiaaio ralea are e(^uaUy appboable to girla as to boys up to a oartain
age, sad the impartial ado{A)un of them would ba a l^enofit to subaa-
quent generations. .A more moderate uae of the siiorts or gamea is

neoeaaary for girla, on account of their greater deUcaoy of ntructure and
leaa atrangth. The attempta to affect the improvement coiit<:ui|>!.itud

ahould be commenced at the earliest period after birth. In this

country, young children of botb aexea have long been exempted fium
Um confinement and raatraint upon Ui« looomoUvo organs, as also the
important vital organs seated in the cheat, caused by the uae of

swaddling or awothlng bands, still in uae in tbe French nurseries, but
reooune la had at an early period for girls to supports for the ba^
under the name of staya or corsets, the evils resulting from which have
been pointed out under the latter word [Corset]. Were the same
freedom of expansion of the chest secured by the disuse of this relique

of barbarism, to girls aa to boys, finer figures with frequent exemption
from crooked spines and consumption would be the consequence. All
games Avbich vaa be carried ou solely, or best, in the .open air, are
preferable to indoor amusements. This does not depend merely ou the
free action of the respiration, but very much on the agency of light in

promoting tbe changes of the molecular particles of we human frame.
The utility of light in promoting salutary changes in the human freme
is glanced at by Dr. Andrew Combe in bis excellent work, ' I'bj'siology

Applied to Health and Education,' and in other works, but it is

the subject of a highly instructive chapter in Dr. Bureaud-Kiofrey's
' Education Physique dea Jeunej Filles,' Paris, ISiia, of which we
believe there is an English version.

The propriety of conducting the education of the young as far as

possible in the open air is manifest. Schools in tbe country, when
directed by competent masters, are therefore preferable to those in

towns. The alternation of bodily exercise with lessons, when circum-
stances allow egress into tbe open air, is eminently conducive to bodily
development and mental energy. The system of Infant Schools, when
properly carried out, goes some way t<i ensure these conditions. The
system of Kindergartens, devised by Froebel in Germany, and
introduced into Euglaiid by Joban and Bertha Ronge (' A Practical

Quide to the English Kindergarten,' Loudon, 1855), has the cha-
racteristic of conducting all the movements of the body in the
gymnastic exercises to the rhythm of musical sounds, but though
said to have proved successful in Germany, the system does not
appear likely to commend itself to English habit? and modes of

thought. In any system of gymnastic exercises, however, for childien,

it is of essential importance to provide against violent straining of the
muscles, as not only may permanent injury be inflicted on the healthy
by excessive efforts, or unfit postures, but where gj-mnastica are
resorted to for the cure of distorted spines of other deformities, the
evil sought to be remedied is aggravated from ignorance on the |>art

of the sujieriutendent. (See ' Lectures on Distortions of the .Spine

not connected with Caries,' by Sir B. Brodie, Loudon, ' Medical
Gazette,' January, 184i).) The same objection applies to much ot the
clumsy, often weighty iron apparatus employed to straighten curved
spines and distorted limba. The muscles of the back, neck and arms,
judiciously brought into play, are the natural and must eSicieut moans
of correcting these deformities. The gamea that bring tbo greater

uutnber of muscles into successive or harmonious pl.\v, are the best to

strengthen the ayatem during infancy and advlescence, and to maintain
it iu vigour and health duiing manhood. A few of the most
appropriate may be mentioned.

Crtciet.— Thia game combines all the conditions st-^ted aljove, as

essential to healthful recreation. But to insure thia, modoratiou iu

the length of time the game is pursued is above all requisite ; a point
apt to be neglected when victory, not health, is the object. Other
games, such as foot-ball, rackets, tennis, and hand-ball. - - >. .••»!'.

battledore and shuttlecock, are healthful, and the latter, i ,.•

most suitable for females, can be played indoors, either n or

during wet-weather, as a substitute for out-door exercise. .iVuother

substitute for out-door exercise for females in winter, is Dancing. This
is undoubtedly a most wholesome exercise when enjoyed in moderation,
at proper hours, and in proper places. But the dancing of I'lisliion is mo^t
pernicious ; not only from the time when engaged, turuing night into

day, but from its being practised iu hot crowded ajtartmenta, from
which the partakers issue often thorougld}' exhausted, inadei|uately

clothed, and often passing through the cold damp atmo.iphero of early

morning to encounter its depressing effects, Profcseioiul dancers, who
endeavour rather to a.<itonish than please by their extraordinary efforts,

baquently become tbo victims of aneurism, or heart diaeaae, and not

seldom of consumption.
The game of Ootf as played in Scotland, and occaaioually by Scotch-

men in Knghmd, is a heoltliful recreation, and is often joined in by
seniors aa well aa juniors. Ttia same circumstances recommend the

Scotch game of Curling, termed alao a bon^)iel, in which clergymen and
grave profeasors imite to rival each other in dexterity in projecting a

poliahed atone, termed a curling-stone, along tlic ice. This turns one
of the characteristics of winlur into a source of health and vigour, and
counteracts the evils of a aodentiry life. This ia a ]K)int which deservea

the graataat attantion on the )>art of literary and professional men. The
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indigestion of studious persons, and clerks long confined to the desk

and the counting-house, arises not so much from the eithaustion of the

nervous energy, as from a deficiency of foot-exrrclge. The peculiar

construction of the veins of the lower extremities, which lose the

valves connected with them while passing up the limbs, the moment

they enter the cavjty of the abdomen, and thereby become dependent

on the motion of the abdominal muscles, and those of the chest con-

cerned in respiration, for the propulsion of the blood to the liver,

there to be converted into bile, explains the injurious effects resulting

from too sedentary a position. Rest and foot-exercise should be made

to duly alternate ; and thus the bodily powers and the proper mental

energy would be ensured. The mere change of posture from sitting to

standing, by reading or writing for a time in the upright position, ia

an advantage. Besides, for either singing or reading aloud, the erect

posdtion is the best. It is invariably observed by all the greatest

singers, as allowing much fuller inspirations to be taken. Whatever

increases the capacity of the chest improves the health ; and the

greatest attention is invariably given to this point by all skilful

trainers who undertake to prepare anyone for athletic feats, whether

pugilism, walking, or wrestlhig. Unless the candidate for such honours

as the ring can bestow has gi:)od wind, or can have his breath aug-

mented by appropriate measures, success cannot be expected. Walk-

ing some distance at a moderate pace, and running up- hill for about

half a mile at the top of his sjieed, before breakfast, form a preliminary

step of prime importance. (See C.iptain Barclay ' On Training in

Pedestrianism,' by Walter Thom, Aberdeen. 1813.) By perseverance

in these means, a comparatively feeble person m.ay be brought up to a

very high condition of bodily vigour. Such extreme measures cannot

be adopted by private individuals, but the principles, properly modified,

can be observed. The expansion of the chest may be accomplished by

easier means. On first rising in the morning, before an open window,

or better still, where there is a garden, practising drawing full breaths,

at first cautiously, afterwards more freely for two, three, or ultimately

ten minutes, will impart a buoyancy and elasticity which will endure

throughout the day. As a means of warding off consumption, few

agents are more useful (See Sir Henry Holland's ' Medical Notes

and Reflections,' chapter on the Exercise of the Respiration, and art.

Human Longevity, in ' Kdmburgh Review,' vol. 105, p. 70.) The
beneficial effects of greater expansion of the chest from the kind of

occupation are shown in the observations of Dr. Guy, who found that

among compositors and pressmen in printing-offices, compositors were

liable to consumption in the proportion of one-fourth out of a given

number of patients, while pressmen were hable in the proportion of

only one-fifth. (From ' Quarterly Journal of Statistical Society,' vol. vi.,

pp. 197, 283, quoted by Dr. Theophilus Thompson in his ' Clinical

Lectures on Pulmonary Consumption,' p. 179.) The advantage of

mechanical exercise after study, is well shown in the results of the

trials instituted by the Mechanical Association of Andover Theological

Seminary, in the United States. (See Dr. Reynolds, ' On the Neces-

sity of Physical Culture to Literary Men, and especially Clergymen,'

reprinted from the American edition in 'The Student's Cabinet of

Useful Tracts," vol I, p. 280, Edinburgh, 1S35.) A gymnasium
now exists at the University of Oxford, but whether it be resorted to

by those who most need it, those most apt to be " sicklied o'er with

the pale oast of thought," is doubtful. The teachers of gymnastic, or

as they are termed calisthenic exercises, are often incompetent to the

task, and either neglect important points, or require excessive efforts

from those under their direction. Few things employed to expand the

chest are more hurtfid than dumb-bells. Where anything beyond the

habit of drawing full breaths in the open air, as mentioned above, is

required, the use of the systolic and diastolic cano, invented by Mr.

Tenniel, is the best that can be resorted to. It is light, expansible, and

can never overstrain the muscles of those nsing it. Another serviceable

agent in expanding the ohest is to cultivate the habit of reading

aloud.
" The po«t*8 or hi^torlnn's page, by one
Made vocal for the amusement of the rest,"

is an exercise markeiUy conducive to health and happiness. In the

'

' Quarterly Joum;d of Education,' October, 1834, it is justly said

:

" one of the accomplishments which we wish to see cultivated among
females, and which is greatly neglected or wholly overlooked, is the art

of reading aloud. It is a most healthy employment when used

discreetly, since exercise to the lungs is as advantageous to the Itmgsas

t<i all other parte of the human frame. The ability to read aloud

agreeably is also a truly domestic acquirement ; it wiH be another link

in the chain which binds men to their heartlis ; it will amuse the

young, cheer the old, and instruct the ignorant." Where oircuin-

staiMjea prevent the use of foot-exercise, riding on hor8eVj.ick cumes
nearest in excellence ; riding in a carriage is an inferior substitute.

Dr. Parry in his 'Therapeutics' observes, that if it were sufficient, it

would be as reasonable to give our race-horses an airing on the

backs of elephnntM ; they would then have small chance of winning
in the contest. Swimming is among the most healthful of recreations

when ni/tbing forbids its use, such as great delicacy, [Batbiiio}

tendency to fits or other spasmodic diseases, or diseased heart or

lungs. Rowing, when restrained to proper limits, is useful, but ex-

ercises the upper extremities to excess and stints the lower. The
Thames watermen were striking instances of unequal development of

the frame. Skating, when not too prolonged, is, apart from the risk '

of accidents, a highly salutary recreation.

Bacon, Milton, Locke, the greatest authorities on education among

the moderns, are unanimous in commending out of door exercise as

constituting a portion of scholastic discipline. Milton enforces it thus :

" Besides these constant exercises at home, there ia another opportu-

nity of gaining experience to be won from pleasure itself abroad ; in

those vernal seasons of the year, when the air ia calm and pleasant, it

were an injury and suUenness against Nature, not to go out and see her

riches, and partake in her rejoicing between heaven and earth."

Tractate, ' on Education,' § 22. But all writers with uniform consent

admit,

—

"That he whom toil hath braced, or manly play,

lias light as air each limb, each thought as clear as day."

Castle of Indolence,

(Strutt'g Sport! and Pastima of the Pea^ of Ewjland, 8vo, London,

1831. Dr. Andrew Combe, The Principles of PhysiUogij applied to the

pretervation of Health. Dr. Southwood Smith's Philosophy of Health ;

and The Lata of Life, icith special refircnce to the Physical Educatiun

nf Girls, hy Elizabeth Blackwell, M.D„ English ed., 1859.)

GYPSIES, a word corrupted from Egyptians, is the name given in

ilngUnd to a wandering race of people who are found scattered over

many coimtries of Eun)pe, whither they migiated from the East about

the beginning of the 15th century. Pasquier, in his ' Recherches

Historiques,' says that they first appeared at Paris in the character of

l>enitents, or pilgrims, in August, 1427, in a troop of more than 100,

under some chiefs who styled themselves counts, and that they repre-

sented themselves as Christians driven out of Egjpt by the Mussul-

mans. They obtained permission to remain in the kingdom ; other

troops followed, and they wandered about in all directions, unmolested •

fur many years, committing petty depredations, and their women
assuming the calling of fortime-tellers. In 1560 an ordonnance of the

states of Orldans enjoined all impostors and vag-abonds styled " Bohe-

mians," or " Egyptians," to quit the kingdom under pain of the galleys.

The name of Bohemians, given to them by the French, may be owing

to the circumstance of some of them having come to France from

Bohemia, for they are mentioned as having appeared in various parts

of Germany previous to their entering France ; others derive the word

from " Bocm," an old French word signifying a sorcerer. (Moreri,

art. "Bohemiens;" and Ducange's 'Glossary,' art. " jEgyptiaci.")

The Germans gave them the name of ' Zigeuncr," or wanderers ; the

Russians, " Zigani
;

" the Turks and Persians, " Zingarri ;
" the Dutch

called them " Heiden," or heathens ; the Danes and Sweilea, " Tartars."

In Italy they are called "Zingari;" in Turkey and the Levant,
" Tohingenes

;
" in Spain they are called " Gitanos," or " Zincali ;

" in

Hungary and Transylvania, where they are veiy numerous, tbey are

called " Czigany
;
" but they call themselves either " Rommany," a

Sanscrit word for husband or head of a family, or " Zincali," meaning

the black men of Ind. The notion of their being Egyptians is probably

derived from the circumstance that many of them came immediately

from Egypt into Europe, but it seems proved that they are not origiu-

ally from that country, their appearance, manners, and language being

totally different from those of either the Copts or Fellahs.

It is now generally believed that the gypsies migrated originally from

India at the time of the great Mohammedan invasion of 'I'imur Beg
;

that in their own country tbey belonged to one of the lowest castes,

which resemble them in their appearance, habits, and esijecially in their

fondness for carrion and other unclean food. Pottinger, iti his ' Travels,'

saw some tribes resembling them in Beloochistan. There is a tribe

near the mouths of the Indus called Tchmganes.

The language of the Gypsies seems everywhere to be mixed with

the slang of the country they inhabit; but there is no doubt that it

contains many Sanscrit words, and it has been found to resemble some of

the dialects of India. (' Bomlxiy Traas;vctious,' 1820.) They have no
traibtions or records concerning their origin ; no religion of their own,
but they adopt the outward forms of the people among whom they

live, whether Christians or Mussulmans. Everywhere they exhibit tho

same roving habits, a dislike to a fixed settlement and to the arts of

husbandry, uncleanness in their food, licentiousness, ignorance and
intellectual apathy, a disposition to pilfer, and to impose on the credulity

of others. "They seldom commit violent robbery or other heinous

crimes, being fearfid of punishment. Maria Theresa ordered those in

her states to be instructed in agriculture, with a view to their permanent

settlement; but her endeavours were not very successful. In Hungary

and Transylvania, however, many of them have fixed habitations, and
follow some regular tnule ; they wash gold from the sand of the rivers,

and they work iron or copper ; some are carpenters and turners, others

are horse-dealers, and even keep wine-shops or publio-housea. They
abound in Wallachia, Moldavia, and Bessarabia, and they are found in

Russia as far as Tobolsk. Orellraan, in his ' Vei*rtich fiber die Zigeuner,"

Gbttingen, 1787, conjccttn-ed that there were then between 700,000

and 800,000 in Europe, of whom 40,000 were in Spain, chiefly in tho

southern provinces. In England and Scotland, in both of which they

were formerly numerous and troublesome, and many Acts of Parlia-

ment were passe<i in vain for their suppression, they have much
diminished of late years, in consequence chiefly of the inclosure of land

and the more effective execution of the laws against vagrants. J
Hoylaud published the best information that could then bo procured
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eoaearniiig tUa atrangs race, in bit ' Hiitorioal Suirsy of the Ctutoms,

Hsbito, and praent State of the Oypaiea ; deaignM to derelope the

Oiigin of thia Sh^pilmr People, and to promote the Amelioration of

their C<nidition,' 8to, York, 1816. }{e haa largely made uae of the

work of Orellman ; but for a correct account of the peculiar mannera,

languan, and probable deaoent of the race, the best auUmritr is

Mr. gIBottow, particularly hi* ' Zincali ; or an Account of the Uypsicn

of Spain.'

OYPSUM. The hydroua auli^iate of lime fumiahea materials which

are extenairely uaed in building operationa, either for the purpoae of

obtaining j>/'(U(n'o/ /'aril from the amorphous varietiea ; or for orna-

mental sculpture, when the gy|u<uni aasiimea a sub<ryBtalline anhydrous

ohanot«r, known by the nninc of alabaster. The amorphous gypKtim

ia ndaed fai enormous quantities in parts of Lincolnshire and in Derby-

shire, in the neighbourhood of Paris, in Provence, Tuscany, north of

Spain, lower Austria, Nova Scotia, 4c. The anhydrous varieties arc

principally obtained from the d(<partement of the Isere in France,

Volterra in Tuscany, and the Guadalajara in Spain. The gypsum of

the tertiary deposits of France, it may be added, contains a notable

prcnortion of carbonate of lime, and even of soluble silica ; and it is no

doubt on thia account that it is able to be employed in extem.il

masonry, which is not the case with the English plaster. Another

peculiarity of the real plaster of Paria is that it swells with inconceivable

foixie in setting, and therefore requires to be used with great caution.

Some artificial plasters are made, tmder the names of Kocnc's,

Martin's, and Parian cements, by slacking the dehydrised sulphate of

lime with solutions of borax, alum, or other salts, and then exposing it

to a second calcination.

GYPSUM. [Calcium, Lim^, Sulphate of.]

GYRATION, CENTRE OF. When a system of heavy bodies, or

any system possessing weight, has a fixed axis of revolution, the centre

of gyration is a point at any such distance from the axis, that the

moment of inertia would not be altered if the whole mass were collected

at that point. The moment of inertia being found by multiplying

every mass by the square of its distance from the axis, the distance

of the centre of gyration is found by dividing this moment of inertia

by the whole mass, and extracting the S(}uare root of the quotient.

As this term is now very little used, we refer to Ineetia for further

information.

OYROPHORIO ACID. [Lichens, CoLonRisa Matters of.]

GYROSCOPE (from the Greek ytpot, a circle or rotation, and
(TKoWw, to perceive), an instrument recently suggested by M. Foucault,

and improved by various nio<lificatious, and which has acquired

notoriety from it« supposed efficiency in rendering ritibU, by its direct

dynamic effects, the diurnal rotation of the earth on its axis. It seems

to have been originally invented in the form of fg. 1 , by M. Fessel of

Cologne, and was described in Poggendorff's ' Annalen ' for September,

1853. It has since been modified and improved by Professor Pliicker,

and Mr. 'Wlieatstone, and although originally invented apparently without

any knowledge of Bohncnlx-Tger's apjiaratus, is merely a modification

of it, as described in Gilbert's ' Annalen ' (1x. p. 60). The essential

parts of Bohnenberger's apparatus were a sphere capable of rotating

about an axis whose extremities rest in opposite points of a hoop
which can turn on pivots horixantaUy, within another hoop turning on
pivots about a rtrlieal axis.

The principle on which the action of the instrument depends was
discovered by Frisi about 1760, and enunciated ns the principle of the

''composition of Rotatory Motions;" and the instrument itself is

Fig. 1.

dr«igne>l to exhibit experimentally the actual eompotilion of rotations
about different axes impressed at once un the same )>ody. We
know that if a body be set in motion in one direction, and any force
tend to make it move in another direction, it will move in neither, but

in an intermediate direction. So also we have the atrietly aoalogous
ease of rotatory motion, namelv, when a body is rotating about an
axis, and anv force tends to make it rotate about another axis, it will
not rotate about either, but about a new axis intermediate to the other
two. Thus, to take a very simple, but paradoxical case (given by
Professor Baden Powell, in a p^wr read at the Boyal Institution, in
March, 1854) :—a wheel at one end of an axis, and a weight at the
other, an suspended in equilibrio; which is, of course, imalteivd,
whether the wheel be at rest or in rotation ; the weight is then slid

so that the balance is destroyed ; now if the wheel be set in rapid
rotation, the equilibrium ia restored.

The apparent displacement of the plane of vibration of the pendulum
was first noticed by the Aca<1cniicians del CImenlo. This fact was
brought to light in 1851, by Signor Antinori, director of the Museum
at Florence, who found an autograph manuscript on the subject by
Vincento Viviani ; this note however was not published until after

Foucault's discoveries, who was the first to connect this fact with the
rotatory motion of the earth. M. Foucault communicated his dis-

covery to the Academy of Sciences at Paris, on the Srd of February,
1S51. His experiment with the pendulum will )>c fully described
under the article Penoclum, while we shall confine ourselves here to
his later invention, the gjroecope, for showing the same rotatory
motion of the earth. We shall, however, first mention M. Lionville's

connection between this rotatory motion and the displacement of the
plane of rotation of the pendulum or disc of the gyroscope. The rota-

tion of the earth on it» ojii has been proved by Foucault (1) by his
celebrated pendulum experiment, (2) by his gyroscope. (1) Suppose
a pendulum suspended over either pole of the earth, and set in
oscillation. It is evident that a spectator, carried round by the
rotation of the earth, would pass, first under one end of the arc of the
vibrating pendulum, and then under the other, so that its pltme of
oscillation would appear to him to make a revolution from east to «etl
in the same time as the earth revolved from uxtt to east. (2) Let the
jiendulum be similarly suspended over the eqaator. It is evident that
in thia case no change of the plane of oscillation can take place, because

Fig. 2.

the spectator cannot, by being carried round, approach nearer to one
end of the arc of %nbration tlian the other. (S) If the ]>en<iulum is

Ruspendcd at any intermtdiate latitude. In this case, the rotation of

the earth round the jwlar axis may be considered as the rcsultint of

two rotations, one round an axis ]>assing through the place of observa-

tion, and another round a perpendicular axis. But the rotation round
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the latter axis, or polar axis of the place, cannot affect the apjjarent

motions of a pendulum suspended at the equator of that axis, which is

the great circle through the place of observation. The pendulum mil
therefore be affected only by a motion round the axis through the

place, which is the case first investigated. And the amount of this

motion will evidently vary as the sine of the latitude. Hence the time
of apparent revolution of the plane of oscillation= a sidereal day x sine

of latitude.

The gyroscope is .in apjilication of the well-known principle of the
dynamics of a rigid body, that if a mass be set in rotation freely in

space, it will, unless it be disturbed, preserve in alt cases its original

plane of rotation, and to effect this, wUl even overcome slight impedi-
ments. It will be easily seen from fig. 2, and from the description

given above of the instrument itself, how the rotation of the earth is

hence deduced. It was in September, 1852, that M. Foucault presented
to the Academy of Sciences an account of the gyroscope. In this

apparatus also there is a fixed plane below which the earth turns, and
aa it carries with it the spectator, causes it to appear to him as if the
plane of the disc actually revolved.

The disc has the mass composing it disposed as much as possible

around its edge, in order that, when put in rotation, it may revolve for

a longer time than it otherwise would.
Since all the particles of this rotating disc have a tendency by virtue

of centrifugal force to fly off at a tangent to the circumference of the
disc, in the plane in which it is vibrating ; hence, any attempt to change
the direction of this plane in space will be opposed by part of the
force with which, were they not restrained by the law of cohesion,
each particle of the disc would fly off.

Mr. Wheatstone has described in a paper, read before the Royal
Society in April, 1854, a form of the gyroscope, fig. 1, which we will

briefly describe, as the experiments performed with it will be very
easily transferred to the more perfect form, fig. 3. It is thus con-

Fig. 3.

Rtmcted : a beam is capable of moving freely round a horizontal axis,

which is itself moveable round a vertical axis, so that the beam may
move in any direction round a fixed point ; at one end of the beam is

fixed a horizontal ring which carries a heavy disc, the axis of rotation

of which is in a line with the beam ; at the other end is a shifting

weight by means of which the equilibrium of the beam may be esta-

blished or disturbed at pleasure.

If the beam be brought into equilibrium, and the disc be rapidly

rotated, as by means of a string quickly unrolled from its axis, the
beam will have no tendency to displace itself in any direction. But if

we now disturb in any way the equilibrium, moving the weight towards
the centre of the beam, and thus causing the diic to preponderate,
th»n, if the disc rotates from right to left, the beam will move round
the vertical axis also from right to left, and vice rend. If we cause
the equiprnte to preponderate, contrary effects will take place.

The velocity of rotation of the beam round the vertical axis in-

CTCMCs in proportion to the disturbance of the equilibrium. Notwith-
standing too the increased or diminished action of gravity on the disc,

its axis of rotation always preserves the same inclination to the vertical

axis at which it was originally placed. When the equilibrium is dis-

turbed while the disc is at rest, the beam being placed in any other
position than the vertical, gravity acts so as to turn it round a horizontal
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axis ; but when the disc is in motion, the usual effect of gravity dis-

appears, and there is substituted for it a continued rotation round a
vertical axis, that is, round an axis perpendicular to the plane contain-
ing the axes of the two impressed rotations.

A similar composition of forces takes place when the disc is caused
to rotate while the equilibrium of the beam is preserved, by impressing
on the beam a rotation round a vertical axis. ^Vhen the disc rotates
from right to left, the slightest pressure tending to produce rotation
round the vertical axis in the same direction, causes the end of the
beam carrying the disc to ascend, and a pressure in the opposite direc-

tion causes it to descend, that is, the beam is constrained to move
rouncfa horizontal axis perpendicular to the vertical plane containing
the two axes of impressed rotation—a case exactly analogous to the
preceding. The beam ascends and descends in like manner, after rota-

tion has spontaneously taken place round the vertical axis in conse-
quence of the equilibrium being disturbed, whenever this rotation is

in any way accelerated or retarded. As the centre of gravity of the
beam is below its point of suspension, even when equipoised, it is in

perfect equiUbrium only when it is horizontal, consequently, if it be
elevated above or depressed below this jjosition, it wUl endeavour to
resume it, tending to produce in the two cases rotation in opposite
directions round a horizontal axis ; the rotation of the disc combined
with this tendency, gives rise, as in the other cases, to continued rota-

tion round a vertical axis ; the direction being determined in a similar

manner.
In all these experiments the axis of the rotating disc has been sup-

posed to be fixed in the prolongation of the beam ; but now let us suppose
this axis placed at any inclination and any azimuth \vith respect to it,

it is evident that the inclination of this axis should produce no differ-

ence in the character, but merely in the intensiiy, of the effects, since

in any inclined position of the disc its rotation is resolvable into others,

one perpendicular to the beam, and the other, which produces no effect,

in a plane containing it. AVhen the axis of the rotating disc is vertical

and at right angles to the beam, no rotation on the vertical axis ought
to take place in any case ; but it is foimd that, although the beam be
horizontal and in equilibrium, there is a motion round the vertical

axis in opposite directions, according as one or other end of the axis of

the disc is uppermost. This motion, however, is evidently due merely
to the friction of the pivots dragging the beam to a corresponding
motion ; because whether it be accelerated or retarded no change is

produced in the horizontality of the beam.
To take a few more experimental illustrations : let the system of

rings carrying the disc be removed from the rest of the apparatus, and
let the inner ring be allowed to move freely within the outer. Having
set the disc in rotation, hold the outer ring at the end of the diameter
which is in the plane in which the axis of motion of the disc is free to
move ; then giving to the outer ring a tendency to rotation round that
diameter, in whatever position the axis is, it will fly to place itself in
the fixed axis thus determine<l, and rotation will take place round it in

the same direction ; while considerable resistance is felt so long as the
moveable axis is changing its position ; but when once it coincides
with the fixed axis, the rotation of the external ring is easily effected.

So, also, a slight aUemate motion of the outer ring, tending to give it

rotation in opposite directions, will cause a continued rotation of the
moveable axis ; and similarly, when we try to rotate the outer ring
round an axis perpendicular to its plane. In all cases, when the axis
of the rotating disc is free to move in a plane, and the outer ring is

constrained to rotate round a line in this plane, the moveable axis will

place itself so as to coincide with that line, and so that the disc shall

rotate in the same direction as the ring ; if the fixed axis be in a differ-

ent plane, the moveable axis will assume permanently that position in
its plane which approaches nearest to the former. The moveable axis
is thus apparently attracted towards the fixed axis, if the rotations are
in the same direction, and repelled from it if they are in opposite
directions.

In all these experiments the free and constrained axes of rotation
are supposed to intersect, but in Fessel's apparatus they are distant
from each other. In this case, the rule must be thus modified, that
the free axis of rotation tends to place itself parallel to the constrained
axis, or as nearly so as possible. By this principle all the results are
easily explained. Thus, when the equilibrium of the beam is destroyed
gravity tends to make it rotate round a horizontal axis ; the axis of the
disc tries to place itself parallel with that axis, but being unchangeably
at right angles to it, the tendency to place itself there causes rotation

round the vertical axis.

Again, fix the outer ring horizontally, and loosen the inner ring,

keeping them, however, both in the same plane ; then, on moving the
beam round the vertical axis, the axis of the disc will fly to place itself

parallel thereto. The rings being placed in the vertical plane, the same
result will follow, if the beam be moved in a vertical plane, that is,

round a horizontal axis of rotation.

Before describing a few more experiments with the gyroscope, we
will again revert to its theoretic action, in order to explain more
clearly the phenomena. We quote from a pamphlet, by Mr. Ladd, of

Chancery-lane, accompanying his instrument ;

" Every particle of a disc revolving on an axis has a tendency to fly

therefrom, on account of centrifugal force ; but diametrically opposite

are the similar particles exerting the same influence on the axis. This
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(ofoa, influenoinir the azit all aruund, ouoet the routing body U> tend
to pranrre tta pniM of rotation, and with the au of the rotating body
it requiraa a oonaidarakle inerwiing force to diaplaoe ita asia. Thu
taei being well undentood, praMnta the key to the exiJaaation of all

the exporimanta that the inatroiiMot ia oapabla of extuUting.
" When the djjo 8 ia rapidly rotating, mud the ataod o ia turned, the

axil 1 1 uf the diac B will oooatauUy point in the aame dinotion. The
Metiaa of the vertioal axia muat be ooniidered aa nothing ; therefore,

the tandaney of the diac to keep the plaoip of rotation ia not impeded,
and BO eflkot ia produced upon the aame; and aimilar ia the oaae when
the gyroaeopt ia taken by toe atand and moved in any diieotiaiL Eren
an iiKilination of the atand D in the plane of the axit will produoe no
•Aet : that ia, if the axia atand horixontally, it will continue to do ao

;

but attempting to tain the aemidrcle o to the right or to the left band,
the axia of the din will take up such a poaition aa to coincide with the
new axia which the experimenter ia endeavouring to confer. In such
inatanre two foroea are aimultaneoualy aummoned into activity—the
foroe of the band, and the tendency of the diao to keep the plane of
rotatioQ ; and the former being infinitely greater than uie latter, the
diao oan only move in the prescribed direction. If the aemioircle c and
the gymbal a be connected by meana of a milled-headed screw K, no
raaistanoe will be felt either way. The same will be the case in one
direction if the quadrant a be attached to the semicircle c ; but then
aome other phenomena occur, because the two axes are at right auglee
with each other. The impossibility of the one force exerting its

influence, leaves the other foroe free to act, as though the other were
not in existence ; but the force is only apparently lost, for a slight

posh against the semicircle will cause the instrument, aa it were, to
rerolve round the stand on the taUe : that is to aay, the instrument
lifia a little from the table, and plays around the surnce of the stand.
In this manner the force that is stopped by the quadrant shows again
at the bottom of the stand. If a weight t be suspended in the
continuation of the axis on the acrewa L L, it will be unable to draw
the same down, but will impart a alow horizontal motion to the
pindle u. This is a beautiful and important experiment :—if the
rotation of the diac be stopped, the weight will draw it down ; if the
horiiontal motion of the semicircle be stopped, the weight will ^raw
the disc down, however rapid may be the rotation ; that is, remove the
poaaibility that the compound eifect can take place, and the one that
IB left at liberty will act an though the other had no existence. ThiB
remarkable fact boars analogy to some of the most important truths
of the ' M^oaniquo Celeste.' If the rotation of the earth were stopped
it would fall upon the ami, and if the possibility of the orbital
revolution of the earth round the sun were stopped, it would
fall upon the sun, notwithstanding its axial rotation. When the
ring A with the rotating disc b ia detached from the semicircle c,

by lifting the screw K, and suspended by a string on the acrew-heatl L,

the disc will atand horizontally, and whilst so suspended it will revolve
alowly round the suspending string as a centre of motion ; the tendency
of the rotating body to keep the position of its axis is so great as to
resist the action of gravity on the mass, even if an extra weight be
uqModed on the opposite screw-head L. Another modification of the
•xperiment is to let the arrangement rest on a hook R in the con-
tinuation of the axia in a hollow attached to the stand. If the weight
be changed to the oppoute aide, the semicircle will turn in the opposite
direction. The rotating disc fively moved in all directions by the hand,
will furnish a very good proof of the resisting force which is opposed
to any endeavour to change the plane of rotation ; and if placed with
the sorew-head L on the table, it will keep itself upright like a apinning-
top; and if the friction between the acrew-head and the table be
greater than between it and the point on which the axia turns, the
ring will remain stationary. Close to the disc on the axia is a milled
wheri, which may serve aa a meana of calculating the number of revo-
lutions in a second. If a card be held against it, a musiokl tone ia

produced, which will rise higher with the rapi<lity of the rotation ; if

the note be taken, and the number «f the teeth in the milled wheel be
known, the number of the rotations con be calculated by on acoustical
table."

The gyrcacope than, illustrates the following principles :

—

1. That inartia ia a property of matter in motion, as well aa of
matter at rest.

2. That th« pow^ poaaswd by the shots projected from rifled guns
of raaatiag the influence of gravity, is dne to the^yrofcry motion given

3- That orbital and axial motions are intimately connected, and
that the speed of one may regulate that of the other.

4. That the condition of miulabU equilibrium in which bodies

remain as •/ staMs (for example, a common top) ia due to their

rotation.

Haooe tlio gyroscope exhibits in a inarked degree the three bws of

iatrtia.

I. That a body at rest cannot move itself.

9. That a body in motion cannot stop itaeU.

8. That a body in motion cannot onange the plane in which it is

rUoJ^ng, any more than it can diverge from a stnigfat Une if it has
only a motion of tnauia^on.

The mathematical explanation of the movements of the gyroacopo is

founded on the two following principles, given by the Rev. W. Cot^,
in the ' Proceedings of the Royal Society/ for Mareh, 1857 :—

I. When a partide is made to move 4 . > a plane by aiqr

applied force, but in consequence of its connection with some rigid body
on the same side of the plane, loses soma of ita momentum in a
direction perpendicular to the plane; all the momentum so lost is

imparted to the rigid body, which is conieqnently impelled -< ^ v

the plane.

II. WTien a particle is made to move \ ^^!^ f
» phme by any

applied force, but in consequence of its connexion with some rigid body
on the same side of the plane, receives an extra momentum in a
direction perpendicular to the plane ; all the momentum so gained b
token from the rigid body, which ia consequently impelled < iQ„.. -j. f

the plane.

Let the mass of the disc of the instrument be supposed compressed
into its circumference ; let ita radius = r, and let it revolve round ito

axis with a given uniform angular velocity = M.

Masses wUl be represented by weif^hta ; hence any accelerating force

vy
/, is due to a pressure p, acting on a mass w, so that / = -rr-, 9 being

the accelerating force of gravity.

The centre of gravity of the disc, axle, and ring which carries the
pivots of the axle, isiixed, and the whole is moveable about th.it centre

in any manner, subject to the condition that the Une <if the pivots of

the ring ia always horisontal. Let the line of the axis )>e denoted by
II (aee fig. 3), and be = o.

Let a given force p be applied at i., in the form of a weight sus-

pended there perpendicuLir to the plane a a, so that the disc may
describe an angle ^ rotmd the lines of the pivots E in the time t,

whereby any two particles m and ni' in the diac describe the two arcs

y and ^ simultaneously. Sup]x>se the circumference of the circle a a
divided into four quadrants, and let m and m' be in tlio first quadrant,
su that •/' > y ; then, if the diac is supposed to revolve, a ))article m is

carried from ^ to y', so as to acquire an increaae of velocity from the
plane A A, independently of the foroe F, and consequently (by the first

of the above i>rinciples), all the momentum so required by the par-

ticle is lost to the disc, ring, &c ; which are '.thus impell^ as by a
force in the direction opposite to tluit along y or y, so as to oppose the
rotation imparted by F, but to impart anoUier round the centre of the
disc, in the direction A I. K in the plane of the ring, that is, in a plane

perpendicular to that in which r acts. A force having the aame
tendency is found, by means of one or other of the above principles, in

the other quadrants. Hence it may, without much difficulty, be
deduced by D'Alembert's principle that

4toy
wr-w* - (t)

This value being periodical, and ranging between the limits o and
ivag
J Jj, shows that the disc makaa an oscillation of less extent and

duration, aa the sionning of the disc is more n^id, that is, aa w* ia

r
mode greater compared with -

; and if p be a muiU weight, as is gene-

rally used, the extent of the oscillation becomes insensible. The
theoretical martnuim of ^ for a oommon instrument has been foimd
- 18'.

That these oscillations do exist will be evident, if we consider

that the gyroscope, with the weight attached, becomes an ordinary

pendulum ; and the effect of the spinning ia to disturb ita oscillationii,

and lessen their extent indefinitely, when the angular velocity of the

disc ia sufBcieutly great.
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H
TT is an aspirate of the guttural series, and is a faint pronunciation of
'-' the sound which in the German alphabet is denoted by ch. In the

earliest alphabets, as the Greek and Hebrew, the symbol whence the

modem character is derived [Alphabet] denoted the syllable che or ke.

Hence the Hebrew name was chtth or heth ; and the Greek probably

at first hela, as it was afterwards eta. As the guttural sound disappeared

in the latter language, the letter finally denoted the simple vowel e.

On the other hand, in the Latin alphabet it was retained as the symbol
of the aspirate. The English name aiteh was probably at first eck,

with the vowel prefixed, as in ef, d, &c. The guttural sound of ch is

often confoundeid with the sibilant ch, as heard in church.

The letter h is liable to the following changes in different dialects or

kindred languages :

—

1. U is interchangeable with c. This is well seen in a comparison of

the Latin and German languages [C, 3]. To the examples there given

may be added the Latin decern compared with the German zehen, and
ducert compared with nthen (zug).

2. H is interchangeable with ch. Thus the Greek forms x<'*'-"»'.

X'tiupiyot, xofTTOi, xofu". are aeverally connected with the Latin hioM,
hfhefnuSf hortm, kami.

3. H with chlh. This is similar to the interchange of p with
pi, a* seen in the Greek nouns roXit and rro^is, -waXtfu)!, and
TTToXtitoz. Of the interchange between the aspirates there are examples
in the Greek x9«» compared with the Latin root he»-, seen in heri and
hetUmta, and perhaps the Greek xft" (nom. x*""") compared with the

Latin humo- (nom. ktmut).
4. H is interchangeable with ff.

Examples : the Oerman sehe com-
pared with Uie Latin dii/ilo- : the German Ziehen, sehm, compared with

the English subetantivi s //yA/, siyhl ; and r«rhaps the Latin 'ehcmena,

the first element of which is identical with the German prefix voeg, a
derivation which will make vehemau equivalent to amen» or dtwiau.

5. H nith ». Compare the Latin ntb, kx, teptem, tut, talio, with the

Greek 6iro, il, irra, ij, aWofuu, &c. Thus the ancient Spanish town
Hennandica, mentioned by Livy in his 21st book, is proved by the

Greek form Helmantice to be identical with Salmantics, the ancient

name of Salamanca.

8. U with /. Hence the Latin words hottU, hottia, says Festus, were
sometimes written fottit, fottia. So, too, the French word hi/rt, well

known in the phrase hon de combat, is derived from the Latin forit.

The Spanish hmgoage abounds in examples of this change, as in the

names Btrdmando and Ptrdinamdo ; so also hermoto, from the Latin

farmcao- ; the Portuguese retains the form formnto-.

7. H with K. Many Greek wonls which had originally the digamma
(another name for the letter tr) at the beginning, took a mere aspirate

afterwards. So in otu- own langnage the word who has nearly exchanged
the » for what is sounded as an A ; and the relative adverb how is no
donbt derived from the relative itself. It is in this way that the Latin
homo (homom-) is uomo in Italiim and ulirnn in Walachiim.

8. When any consonant or consonants in the middle of words had
nearly lost all sound, the letter h appears to have been employ ed as a

fit representative of the vanishing soimd. Hence in German ttehen

and gthen, for what must originally have been tlandcii and ganyen ; but
the A of the Latin mi'A-t is (lart of the stem, as shown by the German
forms idi and miek of the same pronoun.

9. The letter k is often dropped altogether in pronunciation, and
hence in writing also. This was perhaps the reason why the Greeks
gave up the letter h for the litUe mark called the ipiritut cuper. In

Latin many words are written indifferently, with or without an h, as

arena, harena ; arundo, harundo ; ontutnt, konuttiu. Thus the last

words show that hon-or and Aok-u* (ontu), honaiui and honuttus, are all

of the same origin, being derived from a root Aon, denoting a load or

eharijc, which is either an Aonor or a burden, according to the nature of

the case. The Italians for the most port, like the inhabitants of ancient
Rome, are averse to all aspirates ; the people of Tuscany, on the other
hand, still maintain their ancient character for the strongest prontm-
ciation of these harsh sounds. Evidence of this is seen in the name
Leghorn, which no doubt more accurately represents the pronunciation
which prevailed on that part of the Italian coast, than Linmo.
HABEAS CORPORA JURATO'RUM, a jutUcial writ for the

purpose of enforcing the attendance of jurors, abolished by the
Coinalon Law Prooedare Act, 1852. [Jcsr.]
HA'BEAS CORPUS is a writ at the common law, used for various

purposes. When the writ of Habeas Corpus is spoken of without
further explanation, it always implies the important writ which will

presently be described ; but it is also used for certain formal purposes
in the courts of common law at Westminster for removing prisoners
from one eourt into another, and for compelling the attendance of
prisoners as witnessse, ftc. Bat the great writ of Habeas Corpus is

that which in osssa of alleged illegal confinement is directed to the per-

son who detains another ; and the purport of the writ Is a command to

such person to produce the body of the prisoner, and to state the cause
of his detention, and, further, to submit to and receive whatsoever the
judge or court awarding the writ shall direct.

The old wTit de homine repleijiando was issued for the purpose of
replevying a man out of custody in the same manner as chattels taken
in distress may bo replevied [Replevin] upon giving security to the
sheriff that the man should be forthcoming to answer any charge
against him. And if the prisoner was removed out of the sheriff's

jurisdiction, the sheriff might make his return accordingly, and there-

upon a process issued (called a eapiai in irithernain) to imprison the
party withholding the prisoner until he was produced. From the many
exceptions, however, with which this writ was guarded, especially in

causes where the crown was concerned, it was a very insufficient

remedy. The decision of the judges of the King's Bench in the early

part of the reign of Charles I., thiit they could not, upon a Habeas
Corpus, bail or deliver a prisoner, though comniittetl without any cause
assigned, in cases where he was committed by the special command of

the king, or by the lords of the Privy Council, caused the parliamentary
inquiry which was followed by the Petition of Right, which recites

this judgment, and enacts that no freeman shall be so imprisoned or

detained. The court, however, and the judges, still endeavoured to

uphold the prerogative of the crown ; and, consequently, the statute

16 Car. I. c. 10, was extorted by the parliament, enacting that any per-

son committed by the king himself or his Privy Council, or any mem-
bers thereof, should have the writ of Habeas Corpus granted to him
upon demand or motion made to the court, which should thereupon,
within three court days after the return of the writ, examine and
determine the legality of the commitment, aud do justice in delivering,

bailing, or remanding the prisoner. Still, however, new shifts and
devices were mode use of to prevent the due execution of this act, and
eventually the statute 31 Cha.g. II., c. 2., was passed, which is called

the Hab«is Corpus Act, apd is frequently spoken of as another Magna
Charta. By this statute the methods of obtaining this writ are plainly

pointed out, and so long as it rem.'dns in force no English subject can
'be long detained in prison, except in those cases where the law justifies

a detainer. And lest it should be evaded by demanding unreasonable
bail, it is declared by the 1 W. k M., stat. ii., c. 2, that excessive bail

shall nut be reqtiired.

It has been customary in times of allege<l danger to suspend the
Habeas Corpus Act ; but these are in fact the very times when the
statute is most necessary. The Habeas Corpus is the protection only
of the innocent, not the defence of the guilty. A suspension of the
Habeas Corpus Act is effected by an act of parliament authorising the
crown, for a limited period, to imprison suspected persons without
giving any reason for so doing. But it has been custom.ary to pass acts

of indemnity subsequently, for the protection of those who have acted
under the suspension. An instance of the one is afforded by the
57 Geo. III. c. 3, and of the other by the 58 Gep. III. c. 6. (Blackst.,
' Comm.,' Mr. Kerr's ed., vol. iii.)

The statute 31 Chas. II. has been re-enacted or adopted, if not in

terms yet in substance, in most of the American states. The New
York statutes formerly provided for relief under the writ de homine
repleijiando, in favour of fugitives from service in any other state ; but
this provision has been held to be contrary to the constitution and
laws of the United States, and void in resjwct to slaves being fugitives

from states where slavery is lawful. (Kent's ' Com.')

HABE'RE FA'CIAS POSSESSIO'NEM, a judicial writ directed to

the sheriff, commanding him to put the person who ha? recovered a
chattel or possessory interest in lands into actual possession. It corre-

sponds to the Habere farias seisiyiam ; but now that the possession

alone is recovered in ejectment, this writ is the one most in use.

[EXECDTION.]
HABE'RE FA'CIAS SKISI'NAM, a judicial writ directed to the

sheriff, commanding him to put the person who has recovered a free-

hold interest in lands into .actual possession. In the execution of this

writ, as well .is of the writ of Habere facias pnnsemonem, the sheriff

may justify breaking open doors if the jiossession Vje not quietly

delivered. The execution is effected by the delivery of a twig, or a

clod, &c., if land ; or by the deliveiy of the key of the door, Ac, if a

house is the subject matter of which the sheriff is directed to put the

recoveror in possession,—all other persons being first removed from
the premises. But if it lie the presentation to a benefice which is

recovered, the execution is by writ de derico admittendo, directed, not

to the sheriff, but to the bishop or .archbishop, directmg him to admit

and institute the clerk of the recoveror. [Execution.]

HACKNEY COACH. [Staoe CARniAoE.]

HyEMATE'MESlS (from alfiu, blood, and i/x4w, to vomit), a bleeding

from or into the stomach. [HjBMOnnHACE.]
H.*MATO'CELE (from al/ta, blood, ond (f^Ajj, a tumour), an effusion

of blood into the scrotum.
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aSXATO-XYLOX CAMPECHIA'KrM (I^nrood), • tnw native

ol Ounpenchy, but cultivated abo in both the West aad East Indies.

The finest wcwd is the produoe of the former placei The bark and albur-

num K-ing removed, toere is within a dork red ooarae-fibred duramen,
havitig a violet-like odoor, and a taste at first sweetish, afterwards

asliliinwit It dyes tbe odiva Tiolat«oloand, and produccR a oimilar

ehaaga on manr of the other secretions. Speoifio gravity, 1-057. Tea
pounds of wood yield 18-18 ounces of extract Its chief constituents

ars voUtile ofli, radnous or fatty matter, a principle termed kmuUojy-
U»4, which is occasionally found in the wood in the form of crystals,

and a brown matter cuntaining tannin.

LoKwood acts sa a mild astringent in hicmorrfaages or increase<1

BcreBcBi ; and in soom forms of durrhaea it often effects a cure where
mora powerful astringents ^iL (See Abercrombie on ' Diseases of the

Stomach, Ac') It may be exhibited in the form of infusion or of

extract : the former is preferable. It is accused of causing phlebitis,

or ioBammation of the veins, in some cases where it had caecked the
diairfaoea ; but this is very rarely met with. Logwood is also used
extensively in the arts, especially for dyeing. It gives tbe peculiar

o<dour to the pa|)er in which sugar-loaves are generally wrapped. It

forms the basis of red ink, when Brazil wood is not used.

H.£]1ATU'RIA (from al^, blood, and oJpor, urine), voiding of

bloody urine. [HiEVOBKUAOE ; Kionkts, Diseasks of.]

HJEMOTTVSIS (from oImo, blood, and rrvu, to spit), a spitting or
coughing of blood. [Hjevobrhaqe ; Lungs, Diseases of ; Phthisis
PCLMONALLS.]
HJiMORKHAGE (from aW, blood, and ^^iv^iu, to break). The

ijoost common cause of hiemoiriiage is external violence, by which the
tswbIs of a part are divided, and the blood escapes from their cavities.

When an artery of some calibre is wounded, a bright scarlet stream of
blood is propelled to a distance proportioned to uie size of the vessel,

in a current ooutinuouB, yet increased in force at intervals corresponding
with the pulsations of the heart. This is called a jetting stream. If

a vein of some size be divided, a stream of dark crimson blood is pro-

jected in a perfectly continuous and equable current, and with less

force than from an artery of the same calibre, in consequence of the
loss of power which the blood sustains in its passage through the
minute capillary vessels. In wounds in which no vessel of more than
a line in diameter has been divided, the blood flows in a constant moi-e
or leas rapid oozing, but is not projected to any distance from the
body ; and when it issues from both kinds of vessels at once, and in

equal quantities, its colour is intermediate between those peculiar to

•ach of them. The same mixture of the two kinds of blood may some-
times, when a number of small vessels of both kinds, and a large one
of either kind, are simultaneously divided, make it doubtful, from the
colour alone, to which kind it belongs ; and the distinction becomes
still more difficult if the arterial blood be long detained in the tissues,

for then it assumes a venous colour.

When a large artery, as one of the main trunks of the limbs or head,
is divided, the blood rushes forth with such impetuosity that life is

often destroyed almost instantaneously. The quantity of blood lost

however, and the ra{Hdity with which death ensues, will depend in

some measure on the freedom of exit which the blood finds after
issuing from the wounded vessel, as well as on the mode in which it is

wounded. If there be a free external aperture, no obstacle is presented
to its flow, and death speedily follows ; if, on the contrary, the aperture
be small, as in a puncture<l wound, the blood can escape but slowly,
and is liable to coagulate in the passage, so as partially to block it up
and rendo' it still more narrow. If again the arterj' be completely
divided, its extremities will retract into the tissues around, and bo thus
partly covered, so that the luemorrhage will be retarded. If it be
cut longitudinally, the blood will flow much less rapidly than if the
wound be transverse, because the ajwrture will gape much leas widely.
If, lastly, tbe woimd be not cleanly made, if the edges be rough and
torn, as In a gun-shot, no blood at all will flow, at least for some time.
Hone of taese circumstances, however, is likely to do more than retard
tbe fatal consequence of a wound of a large artery, unless immediate
—ristsnce be given.

Whan an arterial branch of the second magnitude, as one of the
primary divinona of the main tnmks in the leg or fore-arm, is wounded,
tbe flow of blood is at first profuse, and a large quantity is soon lost

;

but after a time the patient faints from extreme exhaustion, and then
tbe heart ceasing to act the blood no longer flows, but begins to
eoagolate both within and around the vessel, whose extremities con-
tract, and farther Ion may thus be prevented. More frequently,
however, as soon as the patient recovers from his exhaustion, and the
heart regains some of its power, the slight obstacles formed during the
fliBtiiig are forced away, and the haemorrhage recommences and con-
timiee till the patient is again exhausted. Thus by a succession of
fawuuiihages and of temporary- stiunchings, he may at last be destroyed
by extreme debility. From arteries of smaller size, as tboee about the
ilngen, ftc., the blood flows at first in a rapid little stream, but after a
few minute*, if they are exposed to the cold air, they retract ; their
oriflOM contract and close, and the bleeding altogether ceases, without
mtidi danger of returning.

Hwmoiihage from woimded veins is of leas importance. It is much
more slow, for the WockI is (irevcnted by tbe valves from flowing from
that part of the vein which ia between the heart and the orifice, and in

the part which is beyond tbe orifice it has only the force of that in tbe
amaUer arteries. Henoe it is seldom immediately fatal, and when the
patient becomes faint the edges of the vessel fall together, instead of

remaining open as those of arteries. Thus a oosgufum forms within
and around them, and, except from the largest trunks, prevents aqy
further flow. Other cases in which bleeding takes place from ^aIg»

vessels are those iu wliich they are burst by sudden eflbrts, as some-
times happens in the aorta, especially when it or the heart is diseased

;

those in wliioh the walls of an aneurism or otherwise diseased artery
or vein burst or ulcerate ; those in which ulceration, whether in

internal or external organs, spreads from surrounding parts, and at

last (though they always resist for a long time) invades the walls of

arteries and veins. The bleeding so common from ulcerated sur&ces,
and from various vascular morbid growtlis, probably depends on
rupturo of the very delicate vessels which they cont-tin ; and the same
delicacy of the walls of its vessels, with their great liability to disease

in advanced life, may be assigned fur many cases of luemorrhage in the
more vascular parts of tbe brain producing apoplexy.

But bleeding to a great extent may take place without visible rupture
of any vessel. This form of htemorrhagis, which may take place in

various parts of the body, is that popularly supposed to arise from the
" bursting of a blood-vessel ;

" but in the large majority of cases where
blood is poured forth in the interior of the body, the most careful

examination can discover no aperture through which it had flowed.

It is therefore called hemorrhage by exhalation, from the idea that the'

vessels which in health are traversed only by the fluids of the exhala-

tions or secretions, now permit the passage of tbe blood. The only

instances in which the blood has been seen flowing in these cases are

those extremely rare ones of haemorrhage from the skin of the face,

hands, feet, tx. In these the surface is covered by a dew of blood ; if

this be wipied away no unnatural appearance is perceptible, but the
blood soon exudes again. From this the process would appear to be
very similar to that of menstruation. When internal organs from
which haemorrhage has taken place are examined after death, they are

sometimes found loaded with blood, but at others quite pale, their

vessels having been completely emptied ; when pressed, small clots of

blood like grains of sand sometimes ooze out on tbe surface, as if

proceeding from the orifices of secreting ducts. From these and other

circumstances it is probable that the blood does pass through the

vessels which naturally are permeated by the secretions, though the

minute details of neither process are yet wholly explicable. It cannot
however be certainly aflirmed that the minute blood-vessels are not
ruptured, for neither the apertures nor the cicatrices in them could be
in any way visible.

The cireumstances under which these hajmorrhages take place are

various. In some cases they arise from distension of the vessels in

consequence of some local excitement, either with or ndthout increased

activity of the circulation generally ; and in these the flow of blood is

preceded by a sensation of fullness and throbbing in the part, which, if

visible, appears red and swollen. Such are those which t<ike place in

bronchitis, producing some rare cases of hemoptysis ; in dysentery and
acute inflammation of the intestines ; from the membrane of the nose,

producing the epistaxis so common in young persons in robust health

;

in the brain, producing some forms of apoplexy, especially those con-

nected with hypertrophy of the heart ; and occasionally in the acute

inflammations of nearly all the tissues. In other cases the main cause

of the haemorrhage is the existence of some obstacle to the free passage

of the blood through the vessels. Such are those very frequent casea

in which hemoptysis, or spitting of blood, takes pbce in consumption,

where the blood u obstructed in its passage through the pulmonary
arteries by the masses of tubereulous matter deposited around them

;

those of hicmatemesis, or vomiting of blood, which arise from obstruc-

tion of the splenic or portal vein, by coagula, or by disease of the liver

or other adjacent organs, and the consequent congestion of the vessels

of the stomach ; many of those which occur from the stomach, uterus,

and other organs, in the eariy stages of various structural diseases ;

those which depend on disease of the heart, producing obstruction in

the large vessels, and which may take place in the brain, lungs, and
various other organs ; and those arising from obstacles in the veins, as

in hanging, or even from the influence of gravitation.

But a simply mechanical distension of the vessels, whether from on

increased alHux of blood into them, or a retarded removal of it from
them, cannot explain all the phenomena of these spontaneous haemo-

rrhages. In many cases a peculiar condition of the vessels, or of the

blood itself, must be assumed, and is indeed nearly proved. To these

must be referred many cases of what ia called idiopathic haemorrhage,

as in some instances of tuBmatemesis, hacmaturia, ftc. In some ]>cr-

sons, indeed, there appears to be a peculiar disposition to bleeding, a

hajmorrli.ige diathesis. Mr. Abcmethy (' Surgi<»l Lectures') used to

sjieak of a bleeding family, in .oil of whom it was extremely diflicult to

staunch the blood from even the slightest wound ; and among other

similar casea are not a few in which fatal btcmorrhage has followed the

extraction of a tooth, or, in children, the application of leeches. Every
surgeon, also, must have observed that in tbe same operations in

diflerent persons the number of vessels requiring to bo tied varies

greatly ; in some amputations, for example, it is not necessary to

secure more than the m.-iin artnry, while in others eight or more must

be tied, and this not admitting of any explanation from local diflferences
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Many other circumstancea might be adduced to show that there are

conditious of the smaller vessels in which they may not only more
easily permit hemorrhages, but are less capable of effecting those

changes which are necessary for arresting them, and on these con-

ditions the majority of the hiemorrhages termed passive must be

supposed to dej>end. Such are especially those from the nose, rectum,

and other organs, which occur in persons of weak lax habit, and

which may be distinguished from the first class we have noticed

rather by the general appearance of the patient than by any local

circumstances.

Lastly, there are cases in which the hsemorrhages that take place,

often coincidently from several organs, may be presumed to depend on
alterations of the blood itself. Such are those that occur in scurvy, in

which the blood, when drawn from a vein, does not separate, as in

health, into a firm coagulum and a clear serum, but settles into a loose,

livid, or dark jelly-like mass, and rapidly putrefies. Such, too, are

probably the petechial and other effusions of blood in fever.

Hsemorrhages by exhalation may take place habitually or consti-

tutionally, without injuring the health ; most commonly the blood

flows from the nose or rectum, more rarely from the lungs or stomach,

or even from the skin. They are sometimes periodical ; and when
occurring in men, have seemed to favour the idea of a periodic action

of the system in the male sex as in the female, and the more so as the

menstrual evacuation, when suppressed in the latter, is not unfre-

quently compensated for by hiemorrhage from some other organ.

Moat of the cases of spontaneous bleeding from the skin are of this

class ; and in other instances the blood has flowed at regular periods

from the gums, the breasts, umbilicus, axillse, or kidneys, but most
frequently from the stomach or lungs. Similar vicarious hiemorrhages

occur in men when an habitual discharge from any organ has been

suppressed, or when an old ulcer has been suddenly healed.

Of the mearvs of arresting Hamorrha'jo.—When an artery is wounded,
unless death rapidly follow, a natural process takes place by which
further bleeding may be prevented. If completely divided, both

extremities retract into the sheath of cellular tissue in which they lie,

so that a considerable interval is produced between them, bounded by
loose and irregular walls, into which the blood as it 8ows infiltrates,

and, coagulating, tends to fill it up and obstruct the vessel. The open

mouths of the artery also contract, and gradually, but at last completely

close, either at or just above their extremities. As the stream of blood

is thus checked by the narrowing and closing of its canal, at the

same time that, by the faintness induced by the previous loss, the

action of the heart is weakened and the whole circulation retarded, it

begins to coagulate within the yeaael itself, till its tube is nearly filled

by a clot adhering loosely to its walU. Further changes then ensue
;

the divided vessel and the parts around become inflamed ; coagulating

lymph is etfused from the edges of the wound into the artery itself and
over its extremities, forming a firmer plug than the blocxl alone had.

In process of time this lymph becomes organised, vessels enter it from
the parts around, and it becomes fiimly and permanently united to

them and the vessel, till at length its tube is rendered imper\-iou8

from the point of division up to the first branch given off from it, and

is at last converted into a solid cord, closely connected with the sub-

stance of the cicatrix around it. If the artery be only partially divided,

the game effects follow ; though, if the cut be extensive transversely,

with lees certainty, because retraction cannot take place, and the

internal coagulum, if formed, is washed away by the stream which
still partly passes along the veeseL The natural ces.'ution of haemo-

rrhages from veins is effected in the same manner, but far more easily

;

for the valves prevent any bleeding from the part nearest to the heart,

and both orifices, instead of gaping open, fall together, and soon become
adherent.

But in the human subject it is only in the very^small arteries that

the haimorrhage can be confidently expected to terminate thus natu-

rally, and hence various artificial means of checking bleeding from the

larger ones have been invented. The simplest of these is pressure : if

the finger be placed with moderate firmness over the mouth of a small

bleeding vessel for a minute or two, on removing it the orifice will be
found closed, and no more blood will flow. Pressure is also especially

useful when a number of small arteries are bleeding together, with a

constant oozing rather than a rapid flow of blood : in such cases, when
the edges of the wound are brought together, a compress should bo

laid on, and bandaged firmly and steadily over them. The same means,
or a tourniquet applied a short distance above the wound, so as to

compress the trunk of the artery, may be useful by lessening the force

and volume of the current, and thus permitting the natural processes

to take place undisturbed. But if these means be insufficient, the

artery must be tied ; if it be completely divided, ligatures must be

placed on both extremities ; and if only partially cut, then on both
sides of the opening—for, from the numerous communications of the
arteries, when the main current is checked, another in a retrograde

direction is always established into the part beyond the ligature. The
operation of the ligature is not merely to prevent mechanically the
flow of blood from the ojwned vessel. When a fine cord is drawn
tightly round an artery, something is felt to give way under it, and, on
removing it and opening the artery, its inner and middle membranous.
coats are fotmd cleanly cut through as vrith a knife, while the outer

coat remains. When Uie ligature is left on, it embraces this outer coat

loosely, and thus rendering the canal impervious, completel}' prevents
further bleeding. The blood thus becoming stagnant, coagulates in the
lower part of the vessel and adheres to its walls ; these at the same
time inflame, coagulating lymph is effused from their cut edges, and
becoming organised, at last, as in the natural process, completely fills

up the canal of the vessel, while the jiart constricted by the ligature

ulcerates and gives way, permitting the cord to be safely drawn away
at the end of from six to sixteen days.

Previous to the general use of the ligature, introduced by Ambrose
Pard in the 16th century, numberless means for checking
hsemorrhages, then so frequently fatal, were resorted to by surgeons,
under the names of styptics, astringents, &c. They were in the habit
of applying hot irons to the stumps of amputated limbs to stop

the bleeding, which it is probable the eschar thus formed would
generally effect. At present however the use of the actual cautery is

nearly abolished in this country ; it can only be justifiable in the few
cases where, from peculiarity of situation, the vessel can neither be
tied nor compressed, and for such cases it is certainly the most effectual

styptic known. Cold air or ice is nearly as useful, and far oftener

applicable : it is quite sufficient in all common cases where only small
vessels are divided. In the very few cases where any astringents are

required, as in some of external bleeding from diseased surfaces or

from tumours, the best are solutions of sulphate of copper and of

alum. Another class of remedies that may be usefully employed are

those which act mechanically—as sponge, agaric, lint, and other light

very porous bodies, which placed over a small bleeding orifice will

soon completely obstruct it by favouring the coagulation of the
blood.

Such are the principal modes of treatment applicable in cases of

external or surgical htemorrhage in which vessels are divided by
external injury, and are within reach of the eye or fingers. In internal

hsemorrhages however it is obvious that mechanical means can rarely

be employed. From the varied nature of the cases from which they
arise it is evident that different means may be required in the several

kinds of cases. In those so closely related to inflammation, in which
there is accumulation of blood from local or general excitement, the

hajmorrhage is itself a naturally curative means of its cause, and need
not be checked unless it implicates some important organ, as the brain,

and then the most advisable means of arresting it is to bleed from the

arm. So, too, in cases of habitual or vicarious hwmorrhagea, if not

dangerous or very inconvenient from locality, it will seldom be advisable

to check them, for they are generally outlets by which a plethoric

condition that would else be highly injurious is cured ; at any rate

they shoiUd be arrested gradually and cautiously. Where external

means are appUcable none are so useful as cold, or, as a last resource,

pressure ; as by plugs put in the nostrils, &c. Where a mechanical

obstacle to the passage of the blood exists, medicine can often do
nothing for the permanent cure of the ha;morrhage that it produces.

For the time, the most effectual means are cool air, cold water or ice

applied as near as convenient to the scat of bleeding, iced drinks,

perfect quietude, and the avoidance of all stimuli ; the body should be
placed in that position in which blood may gravitate from the affected

part, and if there be any indication of plethora or accelerated circula-

tion blood should be drawn from the arm to an amount to be
determined by the circumstances of the case. In many cases great

benefit results from exciting the vessels, of and near the part, to a
copious secretion of the usual fluid.s, as in some cases of hicmatemesiH

by administering purgatives. If a.stringent remedies be deemed
advisable, and in many cases they are highly useful, the acetate of lead

will generally be preferable, and next to it the different vegetable

compounds of gallic acid. [Astringents.] The treatment of the

peculiar class of hsemorrhages from alteration of the blood is con-

sidered under Feveb, &c. Bleeding from the nose is treated under
EpisTAXis. (J. F. D. Jones, On Hamorrhage and the Ligature;

T. Watson, Ci/clopo'dia of Medicine, art. ' Hiemorrhage.')

H.iEM011RH0ir)S (from aJfia blood, and ^iw, to flow), varicose

tumours of the veins of the rectum. [Anus, Diseases of the.]

HERETICO COMBURENDO, WRIT DE. [Heresy.]
HAGUE, ALLIANCE OF THE. [Treaties, Cbbonologicai,

Table or.]

HAIL, HAILSTONES, HAILSTORMS. The conversion of the

aqueous vapour which is an essential constituent of the atmosphere, by
the depression of its temperature, either successively into water and ice,

or immediately into the latter without the sensible intervention of the

former state ; and whether in the atmosphere itself, or on the ground,

or against the surfaces of bodies resting upon it or extended into the

air, presents several subjects for philosophical investigation, all of them
having important relations to the welfare of man and of the various

beings of organic nature he associates around him, as well as to the

operations of human life. Water in the solid state is produced from

the atmosphere in several ways, and in different forms. When a

portion of the vapour in the air at cei-tain elevations freezes, by the

sudden reduction in temperature of its entire mass, it becomes con-

verted into innumerable separate congeries of minute perfect crystals

of ice, which are called flakes of snow ; when that in contact with

solid bodies forming part of the surface of the earth, or iramersecl in

the atmosphere, becomes sufficiently lowered in temperature by their

loss of heat by radiation, hoar-frost appears ; and tinder other physical
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I «• shall now prooMd to daMriba, aiMtlMr and distinct

fcna of aiiuusphssie ios is prodaesd, Isnaed Hail.
Sir Jc4in Heraehol has statsd Us Tiaws of the pUkwophy of thin

aabjoct in the following terms : after rekting the obaerration, during

a faallooa aaoent, of tM tampetatore of 48* Fahr. at the height of

lt,000 bet, sad tin* of S2* only, or 84° colder, at the same eisTation

im tiie desoant, a hsary fdl of snow being than and there in pragrssa ,

he says :
—" It is evident that this arose from the condensation of

laponr at that lerel, and that, from the intnuioo of some enrrent, a

mass of intensely oold air had bean introduced, which. 8nding vapour

near aatoration, converted it into snow. It is equally evident," he
coptmuss, " that had the latter condition prevailed, not at the le\-el in

question, bat st a somewhat higher, where the condeniiation might
have been into rata very near the freeiing point, the drops in de-

seending would have bean froien solid, and Mien as hail. It might
have been so equally, had the precipitation been so copious as to allow

Hbe eoslesoanoe of a great nimiber of minute particles in a nascent

slate into drops frocea together instanter, since there is good reason to

believe that the iiolid fomi is never aRsuinvd without traoHition through

the liquid, however inom<>ntBry.[*] The generatinn of hail necnis always

to depend on some such very sudden introduction of an extremely cold

current of air into the boeom of a quiescent, nearly saturated maas.

Hailstorms are always purely local phenomena, and never last long.

They often marie th«r course by linear tracks of devastation, of great

length and vary small breadth. In the hailstorm of July IS, 1788,
which passed soross France from south to north, two such tracks were
msrked, of I7S aDd'200 leagues in length respectively, parallel to each

other, the one four leagues broad, the other two, an<l separated by a

tnct five leagues in breadth in which only rain fell. A idmilar

character is very common, though not to euch an extent. .Such linear

haUstorms are always attended with violent wind, sudden depression

of the barometer, indicating a great commotion in the air, and ]>robable

mingling of saturated masses of very different temperature
Great haibtorms are often preceded bj- a loud clnttering and clashing

sound, indicating the hurtling together of masses of ice in the air.

The recent experiments of [Professor Faraday and] Professor Tyndall

on the re-uniting of broken ice by ' rogelation,' or a sort of wading,
fully explain the formation, under such circumstances, of huge masses
of ice of irregiilar forms in this aerial conflict." {.Vetmroltiift/, ' Encyc.
Brit.' vol. xiv.)

The following account, extracted from the celebrated ' Climate of

London,' by Mr. Luke Howard, F.K.S., of a hailstorm as observed at

Plaistow, in the cotmty of Essex, near the metropolis (the scene of his

lint series of meteorological observations), on the 19th of April, IS09,
afTords an instructive example of the local, phenomena of sucu storms :—" The day had been sultry, like some preceding ones, and overcast

with cloudi, which during the afternoon gave evident demonstrations
of an approaching discharge of electricity. Large and deep camitlo-

ttrati were ranged side by side, mingled with the arro-CMiau/iu and
dmntratat, the whcJe having that peculiar, almost indescribable

diaracter, which these charged conductors assume when wrought up to

the highest state of electric ttntion. About five in the afternoon,

being at the lalioratory, and perceiving a continued roll of thunder,
with viWd lightning approaching from the south, and the appearance
of a heavy shower in that quarter, I anticipated a storm of no common
violence. We were proceeding to take measures for the safety of some
dass utensils, when in an instant there opened upon us a volley of
hail of such tremendous force, as in ten, or st most fifteen minutes,
demolished most part of the skylights and south windows in the
neighbourhood. These i>y hulltU, some of them a full inch in diameter,
were discharged almost horizontally from a cloud to the windward, and
in such quantity as to be drifted in large masses under the walls.

Whether borne liy the impetuous blast that came with them, or
carrying the air thus before them, I could not determine, but such
was the velocity of their motion that in many inst-moes a clear round
hole was left in the glaas they pierced ; ,ind one large pane (which I

saw) had two such perforations distinctly formed, the gUss otherwise
whole. The water in the river, lashed by the hail and raised by the
wind, resembled a cauldron boiling violently, rather than waves with
breakers. The electrical discharges were incessant, approaching with
the cloud and passing off with it : . . . . This sudden irruption over,
it rained for a while moderately. The wind was at first E., then S.
during the hail, then W., then K., then W. again. About seven, the
clouds all at once put off their stormy character The remainder
of the evening was calm and pleasant. A penon who was on the road
fntft Lmdon to Boa (probably not two miles off) during the stonn,
informed me that he experienced nothing but continued thunder and
lightning, and rtry htav;/ min, the latter appearing luminous on the
ground on each side of hjm, which it often does in heavy storms. It
was evident from other circumstances that the hail was bounded in a
western direction by the village of Bow, and it reached eastward from
thence only about three miles. Ita comae appean to have been from
S. to N., over Hlackheath, Bromley, Plaistow, West Ham, and so up
the country between the rivers Lea and Rodhig." The amount of

[• On thl. .object sn a psper by Jfr. Brsyler, ' On the {notable eiUtenee of
bat two NtatM of AmiTa(aUM ia r«mdet«bl« Mstisr,' Annals of PblkMopbv,
Mew anitt {tot Septsatar, Kit,) vol. xU. pp. Itt-JOO.;

damage occasioned by the hail in this oaae is mentioned in the aaqael
of this article.

Many other accounts of hailstorms, and remarkable falls of hail,
and of hailstones of remarkable chanotar, at varioiu periods, ia
England and other countries, are distributed through the ' Climate of
London.'

In the article ' Hail,' in Brando's ' Dictionary of Literaturo, Sdenoa,
and Art,' it is stated that " Hail usually precedes storms of rain, some-
times aooompanies, but never or very rarely follows them, sepecially if

the rain is of any duration. The time of its continuance is always
very short, genar^y only a few minutes, and very seldom so long as a

^

quarter of an hour." The writer of the article referred to further
remarks, that " the clouds from which hail is precipitated i^pear to be
of very considerable extent and depth, inasmuch as they produce a
great obscurity. It has been remarked," he adds, " that thej have a
peculiar gray or reddiah colour, and that their lower surfaces present
enormous protuberances, while their edges exhibit deep and numeroiu
indentations." Other characters of these clouds have just been
noticed.

Single hailstones have generally a crystalline structure, rsdiating
from a centre if large, forming spherical, oval, or rounded masses, often
marked out (on uuking a section,) into concentric hyers, Uke the rings
in the section of the trunk or branch of a tree. The form is often
coniod, with a rounded baas, when they appear to consist of fibres
meeting at the apex, but there is reaaon to believe that these are
portions of spheroidal conoentric-laininar concretions. They iiUI from
the sixe of small |)eas, or much less„to that of an egg, an orange, or a
man's head,and weighing from a few grains up to fourteen pounds and
upwards. Very frequently hail falls of which each separate stone is,or
originally was, a regular tetrahcdral crystal of ice, generally with convex
faces, apparently owing to the tendency of crystals belonging to the
monometric system of crystallisation to which ice in port belongs, to
assume curved forms. Often, these have an obvious concentric-laminar
structure, and they are often degraded into a conical form by their
solid angles and edges becoming rounded by partial melting during
their fall Some largo hailstones of concentric structure have a
tetrahcdral nucleus, the polyhedral having been gradually converted
during accretion into a spheroidal solid. As indicated above, the con-
centric-laminar is abo a fibrous structure in hail as in hiematite and
other terrestrial minerals. In the ' British Mineralogy ' of the late
eminent naturalist-draughtsman James Sowerby, a work through which
arc scattered m.my valuable facts, is an excellent plate of a mass of
tetrahedral hail.iitonos, with e«i>arate figures of the constituent ctystala
and their structure. Sir J. Her»:hel has cited from Dr. Thomson's
'Introduction to Meteorology' a remarkable example of large hail-
stones of a radiated structure, but such'as to evince that the partictilar
stone examined had been forincd in passing through two distinct
regions of condensation in the air. He also cites from Dr. Buist
the observation that in India the hailstones are from five to twenty
times larger than the average magnittide of those in England, often
weighing from six ounces to a pound, being seldom less than walnuts
in size, often as luge as oranges and pumpkins. The storms in which
they are produced are almost always accompanied by \-ioIcnt wind
and rain, thunder and lightning, and are frequent in Uie delta of the
Ganges, especially in the low country within fifty miles of the Bay
of Bengal.

Sir J. Herschel, also, after alluding, as above, to the effect of regela-
tion in producing masses of ice in the air by the consolidation of
aggregated hailstones, remarks, that " such are recorded to h.-ivo fallen
of almost fabulous magnitude," of which, but with great caution, he
proceeds to redta several examples. The effect of the process of
regelation (or to adopt the recent correction of Professor James
Thomson, of tiiat gf nidting and rrgdalion) in converting congeries of
hailstones into masses of ice ia indubitable, but we are in need of
suflSciently authenticated statements of the actual fall of such masaea.
We ^pear not to have any account of snch a phenomenon by a
qualified observer, and it is to be believed that in many instances a mass
of ice really produced on the ground by the consoliilation of hailstones
which hove fallen within a small area and heaped one upon another,
has been supposed to have actually fallen ready formed. The following
case from Dr. J. D. Hcxjker's ' Himalayan Journals' will illustrate the
view now taken. On the 20th of March, 1849, at noon, a violent
liailstona coming from the south-west, occurred in the Terai, or damp
foreat-trse region, intervening between the plains of India and the
Himahtya mountains, in this locality the Sikkim Himakiya. The haQ
was of "a strange form, the stones being sections [sectors or segments]
of hollow spheres, half an inch across and upwards, formed of cones
with truncated apices and convex bases," aggregated with their bases
outwards. The fall of the large masses was followed by a shower of
the separate conical pieces, and that by heavy rain. " On the mountains
this storm was most severe : the stones lay at Dorjiling [of which place
the mean temperature in March is 45° Fahr.] for seven days, congealed
into masses of ice several feet long and a foot thick, in sheltered
places. At Pumeah, fifty miles south, stones one and two inches across
fell, probably as whole spheres." Mr. Howard qnotes a notice of
hailstone fallen in Hungary in 1808, which is stoted to have exceeded
the strength of eight men to lift it. This, he remarks, recognising
(as fsr back as 1888) the foot as well as the principle of what is now
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tenned regelation, was doubtless " what is called ' an ice-board

'

formed by hail agglutinated in a hollow, by partial fusion on the

surface, the whole freezing again by the intense cold within." The
largest hailstones are stated to be of very rugged .and irr^^lar form,

resembling portions of a great sheet of ice broken into pieces. An
American observer, the Rev. D. A. Clark, cited in the ' Climate of

London,' saw in the heat of summer, hailstones about one-fourth or

three-eighths of an inch thick, and of sufficient diameter to bide a

shilling, almost every one of which was perforated in the middle, as

if it had been held between the fingers till thus melted. When the

perforation was not complete, there was in every case a tendency to it.

These were probably of the concentric spheroidal laminar structui-e, in

which the central portions w^ere incomplete. Mr. Howard has him-
self described a freezing shower which fell at Plaistow on the 19th of

January, 1808, and which glazed the windows, and encrusted the

walls, and encased the trees, the garments of passengers, and the

plumage of birds. A portion being received on a sheet of paper was
found to consist of hollow spherules of ice, filled with water; of

transparent globules of hail, and of drops of water at the point of

freezing, which became solid on touching the bodies they fell upon.

As it is stated that the thermometer exposed from the ^vindows

indicated 80"5°, the temperature of these drops must have been below

the freezing point, their solidification taking place, agreeably to the

property of water in that condition, on the agitation of their particles

occasioned by their impact on the surface upon which they fell.

Had the process of freezing proceeded further before the fall of the

shower the hollow spherules filled with water would have become
ordinary hailstones with a cavity in the centre.

The electrical character of showers of hail has already been alluded

to, and is well exemplified by the following account, given by Mr.
Howard, of one which fell, with many others, in different parts of

England, on the 19th of April, 1807, at Plaistow. Being carefully

examined throughotit, it presented the following phenomena ; When
the cloud discharging it—of course a nimbm [Cloud]—" was on the

horizon, N.E., and the shower behind it, the pith-baUs of the insulated

electrical conductor [of Mr. Howard's fixed apparatus for investigating

the electricity of the atmosphere] reniaineil in contact. When the

extremity of the upper surface of the inverted cone of cloud had
arrived in the zenith, they opened negatire, and diverged slowly to full

two inches, at which time pretty strong sparks were drawn from the

conductor. During the remainder of the approach of the shower, they
gradually closed again. At the moment when the latter [the shower]
b^an to touch the observatory, they opened potitive, diverged more
speedily, and the apparatus gave strong sparks for a considerable time
potilitt. Aa the cloud drew off to the S.W. this change gradually

cosed, and the balls opened again negatire, divei^ging gradually as

before, then converging, and lastly were left a little charged potilire."

In all this, as Mr. Howard points out, we see the natural effects of the

high positive charge in the column of falling hail, which may probably

have been six or seven miles in diameter, and which appeared to be
surrounded with a negative area, extending into the dry atmosphere
about three miles in every direction. This very considerable quantity
of electricity, and that of some intensity, was conveyed by an amount
of hail comparatively insignificant ; for when melted into the rain-gauge,

together with tliat of several previous showers, it did not produce more
than a hundredth of an inch of water in depth. It is an example of the

ttct we shall have to consider elsewhere, of how powerful an electrical

charge ice is capable of receiving.

Saoasure, as cited by Mr. Howard, attributed the greater or less

prevalence of hailstorms in particular localities of the Alps to the
relation of their electricity to that of the neighboiunng mountains, the
clouds or storms being either attracted or repelled by them, according
as the electricity is similar or opposed to that of the mountains. Borgo
Franco, in Pie<unont, he had been informed, was peculiarly subject to

the calamity of hailstorms ; and it has often been observed, he states,

that in other plains bordering on high mountains, at a certain distance

from the mountains, hail is much more frequent than in places that lie

somewhat nearer or more remote. There are distances, too, Saussure
adds, that seem privileged, where hail very seldom falls. On an estate

on the river Arve, not quite half-a-league from the foot of Mount
Saldve, there had not been within the memory of man any considerable

fall of hail, the stormy clouds passing always nearer to the mountain
or at a greater distance from them.
Arago (' Meteorological Essays,' transl. into English, pp. 106-108)

mentions some instances in jvhich the aqueous precipitations from the
atmosphere during thunderstorms, whether liquid or solid, have been
observed to be luminous, one of which is the luminous rain during a

hailstorm already cited from the ' Climate of London.' Among them
is o&e recorded by Lampadius, who was informed by some miners at

Freyberg that the small hail which fell during a thunderstorm on the
25th of January, 1822, was luminous when it reache<l the ground.
These cases are doubtless to be explained by the high electrical charge
which everything acquires during some thunderstorms ; there are
experiments with electrical apparatus in which corresponding luminous
phenomena are occasioned.

The practice appears to have originated in the last century of
nutking fires on tlie ground, and of discharging artillery and otherwise
exploding gunpowder, on the approach of storms, for the purpose of

dissipating them, and especially of preventing the formation or the fall

of hail. Arago (loc. cit. pp. 212-218) has given an account of this

practice, of the efficacy of which he considers that there is no sufficient

evidence, if even the tendency of the evidence is not to show that con-

tinuous discharges of artillery may induce local thunderstorms. On
the other hand, the experience of the Marquis de Chevriers, in pre-

serving his lands from the ravages of hailstorms by the explosion of

boxes of gimpowder, which he caused to be fired on the neighbouring
heights on the approach of a storm, while the villages in the vicinity

frequently experienced their baneful effects, does not appear to have
been sufficiently considered by that philosopher. There are some
grounds for believing, also, that the particular conditions of the atmos-
phere which result in the formation of hail may be counteracted by
fires. Matteucci, the eminent Italian physicist, whose electrical

researches continue to enrich science, informed Arago that there is

a parish near Cesena, in ^jjomagna, throughout the extent of which,
for seven miles round, the peasants, by the curd's advice, place at about
every 50 feet heaps of stone and brushwood, which they set on fire

when a storm is seen approaching. This practice had been in force for

three years, during which time the parish had not suffered either from
thunderstorms or from hail, although it formerly suffered much every
year from hail, and the neighbouring parishes had continued to do so

during the period. " Three years," Arago remarks, however, " are not
a sufficiently long period of time to allow of any definitive conclusion

as to the preserving influence of large fires. The experiment is

being continued, and the public will not fail to be informed of the

results."

The principle of insurance has been applied to indemnify persons for

the very heavy losses sometimes occasioned by these meteorological

phenomena, both by the Royal Farmers' and General Insurance Insti-

tution and by a society connected with the Norwich Union Insurance
Company. The uncei-tainty which exists in reference to the occur-

rence of these frequently c^amitous storms in any particular locality,

and the circiunstance that, while no human sagacity can foresee or

prevent them, it is utterly impossible to produce them by fraud, appear
to render such casualties peculiarly fit, so soon as obsen'ation and
experience shall have estabhshed accurately the average risk, for the

application of a principle which has long been applied to casualties of a

nature less uncertain, more easily provided against, and which afford

greater opportunities for deceit and imposition. The Hailstorm
Insurance societies have published chronological lists of the most
remarkable hailstorms in this country during the present century,

which present an array of destructive calamities far exceeding what
might have been expected from their rarity. It is curious also to

observe that they appear to have increased in frequency of late years.

In one case, which we select solely from the more circumstantial way
in which the details are given, many farms of com were (on the 1 4th of

July, 1824) literally destroyed in Hertfordshire,;Midillesex, and Essex';

the damage done upon a space of 3487 acres in the last-mentioned
cotmty alone was estimated at 14,674/., or about 4/. 3s 7d. per acre,

upon an average. It is stated th.at this was the third time within a
period of thirty years that the crops in the north-western part of that
county had been destroyed in like way. During the great hailstorms
in the months of July and August, 1843, by which immense damage
was done in Cambridgeshire, Norfolk, Suffolk, Es.sex, Hertfordshire,

Berkshire, Kent, Oxfordshire, Bedfordshire, Gloucestershire, and York-
shire, several cases of individual loss amounted to upwards of 2000i.

The breakage of glass in windows and skylights, and more especially in

conservatories .and hothouses, is one of the most frequent injuries

inflicted by hail-storms, the masses of ice which fall being some-
times sufficient to demolish the wooden framework also. Such extra-

ordinary cases of devastation will be fully accoimted for if it be
considered that, as it is stated in a paper issueil by the Farmers'
Insurance Institution, on the authority of Leslie's ' Elements,' " hail-

stones having a diameter of two inches," a size which has been
exceeded in several well-authenticated cases, " will fall with a velocity

of 1134 feet in a second, or more than IJ mile in a minute." In the
hail-storm of the 19th of May, 1809, Mr. Howard's account of which
has been given above, it is estimated that 200,000 panes of glass were
broken in the immediate vicinity of London alone, besides great

damage being done in fields and gardens, and the foliage and branches

of trees being cut off. An equal number of panes is supposed to have
been broken in the northern suburbs of the metropolis on the 30th of

July, 1826. In the denser parts of the metropolis itself less damage
appears to be done on such occasions, probably because the vast column
of heated air always rising from it alters the local atmospheric con-

dition requisite for the production of large hail.

Hailstones of from six to eight or nine inches in circumference are

frequently mentioned as having fallen in this country, in the lists

referred to, which are compiled from contemporary publications ; and
on the 3rd of August, 1824, when the eatem part of Suffolk was
visited by a violent hailstorm, by which fowls and game, as well as

glass and crops, were extensively destroyed, the ice accumulated in

some places to a surprising depth. In many cases a considerable extent

of ground has been covered to the thickness of several inches. It is

worthy of reniark how very large a proportion of the destructive

storms are recorded to have occurred in the months ofJune and July.

Without noticing the cases in which two or more storms which occurred
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•boat Uie ame tima are alluded to u one, which would render thu
proportion ret more remarkable, the ouei recorded in the above-

mentioiMd luta occurred a« foUowa :

—

In the month of January

„ February
March

„ April .

May . .

„ June
July . .

„ August

.

„ September.

„ Ootober

„ November
„ December

1

2
3

7
10
17
4
2

_0

46

The copious lista of haiUtomu published by the Farmere' Insurance

Institution, which gives references to authorities, and in many cases

minute details of the damage done, appeared in the advertising sheet

of the ' Farmer's Almanac' for 1845.

Mr. Howard remarks, in agreement with the results in the table

just given, that hail is of rare occurrence in the winter, in England ; if

we except a sprinkling of small opaque grains which in the fore part of

the night indicate the approach of a low temperature, .-md are found
on the fnjzen ground, and on the ice of the ponds in the morning.

Mr. Alfred K. Wallace, in the account of the climate of the valley of

the Amazon, appended to his ' Traveb' on that river, cites an iiutlientic

account of a nul of hail on the Upper Amazon ; a remarkable occui^

rence, he observes, at a place only three degrees south of the equator,

and about two hundred feet (only) above the level of the sea. Children

were out at play, and brought the hail to their |)aronts, astonished at a

substance falling from the clouds which w.i8 quite new to them and so

remarkably cold. [Ice; Metkobologv ; Snow.]
HAIXAL'LT .SCYTHK. [Habvkst.]
HAIK-MAKUFACTUUES. There is a considerable amoimt of

industry bestowed upon human hair and the hair of certain quadrupeds,

in the production of manufactured articles. Some of their uses depend
upon the felting properties of a few kinds of hair [Feltiso ; Hat
Masufactcre] ; some upon the great strength of the fibre ; and some
upon the beautiful gloss of which it la susceptible. Human hair and
horsehair may be taken as the two chief materials for these manu-
factures.

HtauM Ilair.—The hair-trade is a much more important one than

would usually be supposed. It was stated in the ' Quarterly Review

'

a few years ago (No. 184) that London alone imports more than 100
cwts. of human hair annually, chiefly for making perukes and fake

curls. The mere clippings would not suffice ; there must be a regular

harvat of hair. A German Lis had the patience to count the

number of hairs in an a\-erage adult female head (probably among his

own countrywomen), and finds it to be 110,000,—the blonde being

most numerous but finer in substancs; the red least numerous
but coarser. The light hair imported by or for the hair-workers is

brought mostly from Germany, by a Dutch company whose agents

periodically visit London ; the dark hair more usuaUy comes from
France. Some years ago, light golden tresses were much in favour,

and the German hair had a good market ; but now French hair is

more uaed. Toung women in England, who have beautiful tresses,

are sometimes urged by poverty to part with them for money to

the hair-workers ; but in France it is a regular system. There are hair

merchants in Paris, who send agents in the spring of each year into the

country districts to purchase the tresses of young women, who seek to

cultivate an annual crop with the same care as a farmer would a field

crop. The agents frequent fairs and markets ; and have with them a

stock of handkerchieis, muslins, ribbons, &c., which they give in

exchange for the hxur. So sensitive a barometer is commerce, of slight

change* in the value of exchangeable goods, that the agents know the

hair of a particular district to be worth a few sous more per pound
than that of a district thirty or forty miles away : a &ct which
natoialiits would have been long in finding out. It is estimated that

200,000 lbs. of hair are purchased at each spring harvest. The price

paid is about five francs per lb. on an average ; but choice specimens

fetch much more. The agents send the hair to their employers, by
whom it is dressed,and sorted, and sold to the hair-workers in the

chief towns at about ten francs per lb. That which is to be made into

perukes is purchased by a particular class of persons, by whom it is

elseoed, curled, prepared to a certain stage, and sold to the peruke
maker at twenty to eighty francs per potmd. The peruke maker gives

it the form which, as is well known, commands a very high price; a
peruke is often s«ld for double its weight in silver. Doth of the hair

ilaeU, and of perukes and other .'uiicles made of hair, France supplies a
oonaiderable quantity to England and the United States.

Beridee the making of perukes, false curls, Ac, hair-jewellerv, so

called, -is another of the minor manufactures from human njur.

Bnoeleta, armlets, lockets, brooches, earrings, and other articles for

penonal decoration, are made either wholly of hair, or of hair in com-
bination with other materials. No hair-harvest is necessary for a

supply of materials ; the ordinary dippings are sufficient The hair

goes through numerous manipuUtions on a small scale. It is laid

stniriit to prevent entanglement ; cleaned with warm water and soda

;

dried on a soft towel ; gently drawn between brushes ; and sorted

into different finenesses and lengths. By the aid of small leaden

plnnuneta, pieces of strong thread, ami a work-table with peotdiar

marks and holes on its upper surfooe, the hairs are made to twist or

curl or knot round one another, something in the manner of pillowed

laoe; a pattern marked on paper or pasteboard being placed on the

table immediately beneath the work. For making such small articles as

lodcets and brooches, advantage is taken of the facility with which
hair curls up when a heated iron is applied to it ; it depends upon a
gradual applicntion of this heated iron to produce the required degne
of curvature in the curl. The Great Exhibition in Hyde Park ooo-

tained specimens of hair-work, representing portraits, trophies, temples,

&c., as remarkable for patient industry as for defective taste.

Bone-hair, d-e.—Various manufactured articles in horse-hair possess

qualities which could not be found in any other substance easily

obtainable. The horse-hair differs greatly in length and colour. Some
of the white hair from the toil of Russian horses is sa much as forty

inches in length, possessing groat evenness, elasticity, and gloss.

Various other kinds, black, gray, and white, come to market in lengths

from twenty to forty inches. Somo kinds are fitted for the stuffing of

sofas and other articles of furniture ; while others have the requisite

straightnesa and other qualities for the hairs of violin bows. Horse-
hair cloth is woven of hair taken from the tail, mostly of Russian or
South American horses. If the hair be naturally white, it admits of

being dyed green, crimson, scarlet, &c. by carefully conducted

processes ; but black or gray horsehairs only admit of a black dye, and
these are the kinds usiuilly employed for horsehair cloth. Coloured
hair-cloth, mostly made at Worcester and Sheffield, and at Paris, is

extensively used in railway carriages and the saloons of steam-vessels,

as well as in ordinary domestic furniture. In most cases the best hair-

cloth only is made of horse-hair, the cheaper kinds being made of

cotton, linen, or worsted ; and the brilliancy and permanency of the

colours depend as much on these fibres as on the hair. In the

weaving of haircloth, the weaver uses a sort of hook-shuttle, which
he passes between the threads of the warp from right to left ; an
assistant places a single hair over the end of the hook, and the weaver
draws it through the warp. The process is a very tedious one, for

each hair usually constitutes only one throw or thread of weft.

Specimens of. hair-cloth are made for conversion into carpets. Horse-

hair is also made into ropes, sacks, and bags ; one manufacturer has

made it into muffs. For a cheap kind of stuffing, and as a material in

mortar, cow-hair is much used as a substitute for horse-hair. We
may mention here that horse-hair is imported to the extent of no leai

Uian 20,000 cwt. annually, and that half a milUon yards of horse-hair

cloth are annually exported.

A substitute for hair has recently been intro<luced as a material for

ornamental manufacture;. Plait« and curls for head-dresses, as lately

observed, arc usu.illy made of human luir; but the substitute consists of

dyed hemp or flax, aloe fibre, plantain fibre, or China grass. The fibre,

when dyed to the requisite colours, is combedor heckled until it presents

a glossy surface. To make this into curls, a fixed holder is used, into

which is inserted a rod slotted at one extremity. On this rod is

placed a tube, slotted at one end and having a pin through it at the

other. The fibres, in a damp state, are attached to the slot in the

tube ; .-md the tube being caused to turn, the threads assume a curled

form, and are attached to the ends of the pin. The tube is then

removed from the rod, and a heater inserted to fix the curl in the

desired form. The curl is subjected to a final glossing and dressing.

There are also attempts now being made to convert the tough fibre of

a peculiar South American plant into a substitute for horse-hair.

One peculiar application of hair may be briefly noticed—that of

the hair of rabbits and hares, carried on by the Russians. They work
up the hair into a kind of felt ;

press or fashion it into bowls, dishes,

plates, and other articles ; and varnish it thickly. The materiab thus

made have the api>earance of papier machde or varnished leather, and
are strong, light, and durable.

HALLEY'S COMET. [Comets.]
HALO. [Meteors.]
HALOGENS. This term, derived from iXi, salt, is employed in

chemistry to designate a class of bodies which form haloid salts with

the metaJs. The halogens are chlorine, bromine, iodine, and fluorine,

to which may be added the compound halogen cyanogen.

HALOID ETHERS. [Ethers.]
HALOID SALTS. [Salts.!

HAMATH IONIC ACID. ffeoxASTHic Acid.]
HAMBUO' BLUE. [Coloubixo Matters.]
HAMMER, POWER, AND STEAM. A reference was made from

FoBOE to the present article. It will not be neoeasorr to notice the

hammer as a mere tool ; but i^ importance as a machine has become
such, that a few lines of description are here requisite.

/'oiivr-y7amm«r.—This name we will give to such h.immers as can

be worked with greater effect than by the mere muscular force of the

h.imraerman, but with the aid of a power other than steam power.

Such machines are now used in very great variety. Froming's forge-

hammer, applicable to heavy castings, and also to the hammering of
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edge tools, files, and knives, may be set to work either by hand, water,

or steam power ; there is a driving shaft which, when once made to

rotate by any source of power, effects all the rest, through the medium
of a heavy hammerhead, gxiide-rod, cones, and a vertical spring ; the

mechanism is subject to modification, by which both the rapidity and
the force of the blows can be varied. Button's power-hammer is

raised by a band, strap, or chain, attached to a drum or pulley on an
axis : the ends of the axis are connected with cones driven by bands
from any source of power ; when the blow is struck, the momentum
is made to assist in elevating the hammer again ; the axis has an end-

way as well as a rotary motion, by which one or other of the cones

may be disconnected ; a handle, commanded by the workman, deter-

mines the rapidity of the action of the hammer ; and the arrangement
altogether is such as to render this machine useful for hammering iron

and steel between pairs of dies. Eassie's frictional action hammer, for

small general work, can be worked by any continuously-revolving

power-shaft, and can be brought up to an activity of a hundred and
fifty blows per minute, with a very heavy hammer-head. Cotton's

air tilt-hammer, worked by any source of power through the interven-

tion of a shaft, fly-wheel, frwt-and-loose pulleys, and cones, is provided
with an air-cylinder, to regulate the force and rapidity of the blow

;

there is a piston-rod in the cylinder, with a piston at the top and the

hammer at the bottom ; and the admission of air into the cylinder is

so regulated as to give complete command over the action of the

hammer. Waterhouse's compressed-air forge-hammer, intended for

general light work in a smith's shop, and working up to a rapidity of a
himdred and fifty blows per minute, acts something in the same way
as Cotton's. There are many other kinds: but these will suiBce as

illustrations of the whole class.

Steam Hammer.—This remarkable and powerful machine, without
the aid of which many modem forgings in iron could scarcely by any
possibility have been fabricated, is the invention of Mr. Nasmyth of

Patricroft. Whatever modifications have since been introduced by
other inventors, to him is due the main principle of the contrivance

;

and there is a good deal of justice in the prevailing appellation, ' Nas-
myth's hanmier,' as appUed to the whole group. Mr. Nasmyth's first

patent was taken out in 1842, since which date he has secured several

others for minor improvements. A steam-hammer may be said to

consist of a ponderous hammer which carries its own steam-engine with

it ; the cylinder, it is true, is fixed ; but the piston always moves when
the hammer moves, and a vertical rod connects them both. The action

of the steam is direct upon the hammer-rod, without the intervention

of any levers, fly-wheels, or cranks. The steam-cylinder ia supported
vertically, at a considerable height above the anvil. The hammer
moves up and down in a true vertical plane by sliding in the grooves
of a frame ; it falls by its own weight, but is lifted by the force of steam
driving the piston upwards in the cylinder. The steam is derived from
a boiler placed at any convenient distance, through a pipe connected
wth the cylinder ; and there is a complete apparatus of valves, ftc, to

regulate the admission and shutting off of the steam. As the hammer
is in all cases very ponderous, it will fall heavily by its own weight

;

but the rapidity and force of this fall are susceptible of modification

by the mode in which steam is admitted to act above or below the
piston. The self-acting apparatus ia the most beautiful part of the
machine. A workman lightly touches a handle, whereupon the
whole internal mechanism so modifies itself, that the hammer will

in one instant give a blow sufficient to crush a bar of iron, and
in the next a [tap so light as to crack a nut-shell without crushing
the kernel.

Very numerous minor improvements in steam hammers have re-

cently been made by Kirk, I'earce, Kastwootl, Naylor, Morrison, Farrot,

Brnv.-n, Condy, Sykes, Wilson, M'Dowall, Rigby, and other inventors

;

but these ne<e>d not be separately noticed. In some instances the
hammer block constitutes a sort of ram or plunger working within the
cylinder, instead of a mass suspended from a pi8ton-ro<l ; some have
the hammer, piston, and piston-rod all cast in one piece, to produce
firmneas in action, and to render the Mows more efi'ective ; some are

so arranged as to increase the fall, or space through which the hammer
falU to the anvil—a space which has been made to reach ftill seven feet

:

some have the adjusting apparatus so exquisitely arranged, that even
a child could vary the force between one blow and the next ; some,
not intendol to equal Nasmyth's in range of application, are made
simpler and cheaper for certain special kinds of work ; some vary
the jKJwer and rapidity of the blow without changing the dei)th of

fall, whereas others vary their depth likewise ; some economically
lubricate the hammer-guides by collecting the grease and oil which
fall from the stuffing-box ; some are so planned that they can be
employed, as occasion may require, in iron-forging, boiler-rivetting,

or ore-crushing ; some can be worked by compressed an- or by steam
at pRaaure ; some have the cylinder placed at the tide of the hammer,
to render less height necessary, and to give more firmness to certain

part*.

Steam hammers are now made of enormous magnitude and power.
The 50 cwt. 'Nasmyth,' at Portsmouth Dockyard is no longer a
marvel of mechanical power. A steam hammer of 120 cwt. has been
Bet <ip at the Bowling Iron Works, near Bradford. The shaft and
crank forgings for the Great f^astem were made at the Lancefield
Forge, in Ulaagow, by the aid of a 120 cwt. hammer, with 6 feet stroke.
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Messrs. Morrison, of Newcastle-upon-Tyne, have made a steam hammer
for the Russian government, in which the weight of the piston and
piston-rod alone is 100 cwt. besides the weight of the hammer ; and
there is a working space 1 4 feet in width between the framing of the

machine. The same ejigineers have made a steam hammer for the
Mersey Iron and Steel Company, 21 feet high, 14^ feet working space

between the framework, a piston 36 inches in diameter, a hammer of

140 cwt, and a total weight of 30 tons. New York possesses a steam
hauuner with a hammer-head weighing 150 cwt. It is indeed probable

that the maximum of size and power has not yet been reached ; if

greater be required by manufacturers, greater can be produced by
the machinists.

HANAPER OFFICE, one of the offices belonging to the Court of

Chancery. Writs relating to the business of the subject, and their

returns, were originally kept in a hamper, in hanaperio ; and the

others, relating to matters wherein the Crown was immediately or

mediately concerned, were preserved in a little sack or bag, in parrA
hagd ; whence the distinction of the Hanaper Office and Petty Bag
Office, both belonging to the Common-Law and of the Court of

Chancery.

HAND-FASTING. [Betrothmest.]
HANDGLASS is a name given by gardeners to a portable glazed

cover which they place over certain plants for onfe or two purposes

;

either to screen them from the eflfects of cold and wet without de-

priving them of much light, or to maintain around them an atmos-

phere of uniform humidity. Bellglasses difi'er from handglasses in no
respect with regard to the purpose they are intended to serve, but
instea>l of being composed of many pieces fastened together, they are

blown into ,8hape in a single piece. Glasses of this description are

principally used to assist cuttings of plants in the process of striking

root, or newly-planted individuals in establishing themselves in the
soil. The rationale of handglasses seems to be this :—when cuttings

or newly-planted individuals are exposed freely to the atmosphere, they
part readily with the moisture they contain, in consequence of the
specific power possessed by light, especially direct solar light, of causing
perspiration. Under ordinary circumstances the moisture they part

with is lost in space, so that it cannot be re-absorbed ; and as the
atmosphere of the plants or cuttings remains dry, perspiration will go
on till the plant is exhausted or dead. The efl'ect of a handglass is to

invert this state of things ; the moisture raised from the soil by evapo-

ration, or produced by vegetable perspiration, necessarily accumulates
beneath the handglass, the air enclosetl by which grad\ially becomes
more and more moist, and at last is saturated ; this circumambient
humidity is reabsorbed by the leaves, or branches, or soil, and thus
restored to the plant wliich had lost it ; in addition to which, per-

spiration itself necessarily goes on the more slowly in proportion as the
air itself is charged with humidity. It may also be presumed that a
handglass, or any such transi>arent cover, keeps the temperature in

which the plant breathes higher th.an the external air, and thus stimu-

ktes the languid powers of vegetation. Some handglas."!es are made
with either moveable tops, or with a division to open, so as to permit
the escape of superfluous moisture or to admit air.

HAND-WRITING, PROOF OF. [Evidence.]
HANSE TOWNS, called also the Hansa, and the Hanseatic League,

a celebrated commercial confederacy, which took its name from a now
antiquated German word, ' Hansa,' signifying an association for mutual
support, in which sense it is used in two charters granted by king
John, in 1199, to Dunwich in Norfolk, and to the city of York. The
cities of Hamburg, Liibeck, and Bremen were in the middle age.s the
depositories of the manufactures of Italy and Germany, imported by
sea, with which they supplietl the northern countries of Europe in

exchange for their raw produce. The wealth which they acquired l>y

their commerce excited the envy and the rapacity of the princes and
nobles ; the imposition of new and the augmentation of old tolls were
great impediments to trade, which was likewise rendered unsafe by
numerous banditti and pirates who infested the roads and the neigh-

bouring seas and rivers. Bui it is noticeable that while the towns of

South (lermany made this mutual protection almost their sole object,

those of the north became in a great degree commercial leaguers also.

It is not possible to fix the precise year of the establishment of the
Hansa ; and indeed it is probable that it was brought about by the
German merchants who, from different towns, associated abroad. In
1245 the German merchants in England ordered that no German vessel

should sail to Lyon, and the order being disobeyed by Rostock, and
some other Westphalian ports, the merchants of those places were
expelled from the body, which was in the enjoyment of certain privi-

leges, until the transgression had been atoned for. Hamburg and
Liibeck, there is no doubt, were the first towns to enter into an
avowed union in 1210, to protect the commerce on the Elbe and the
German Ocean : the two cities engaged to maintain ships and soldiers at

their joint expense, to clear the road between the Elbe and the Trave,
and the waters from Hamburg to the ocean, from robbers and pirates ;

and they further bound themselves to promote their commei-uial

interest, and to defend their rights and privileges. The city of

Brunswick, which was used by those two cities as a staple, joined the

alliance in 1247 ; for while Italy was in possession of the trade of the
Levant and India, a commercial route was opened, through the upper
Palatinate, Franconia, and to the east of the Harz, by way of Bruns-

n K
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wick to Ilambiir);. Other ritin (oon foUowad Ote rxunple of Bninii-

wick, and juinnl the league. The citie* were diiridp<l iut^i four oIkwcx,

or quarton. the chief citie* of whidi were Ldbeck, Cologue, Bniiu-

wiek, and Dauic; and 4^ ooDtingent in money, or armed force,

waa fixed for ea^ Lfibad waa at the head of the lea^^e, imied
the iiimmons for the regular aiaemblies of the deputie* of all the

citie*, vhich were held onoo in three yean at Whitsuntide (the first

in 1390), and also for the extraordfaiaiy aaaomblies, generally held

once in ten yean, in which they eolemnly renewed their league,

admitted new members, and exdaded thoae that had not obaerred

all obligattoDik compacts, ftc. Ltibeok abo had the eommon treasury

and the archivea.

In 1261 they established in London their factory called the Steel-

yard ; bat Qerman merchantu had been in possession of it, or of an
adjoining building knotm oa the (Jenn.-ui Qiiildhnll, for more than a

oentuty. An inquiiiition, quoted in Markland's ' History and Survey
ol Losidon, of the 28 Henry III.' (1243-4), notices " the Gildhall of the

mardiaiita of CiiUin" (Cologne), as being in Thames-street, near

Dowgate. The number of the towns compoiring the League fluctuated

;

probably many which were not entirely free were not recognised aa

inich by the sovereign in whose dominions they were placed, although
admitted into the upion. Among the principal towns, howerer, were
Bergen in Norway, Berlin, Bremen, Brunswick, Colberg, Cologne,

Cracow, Danzig, Devcnter, Dorp.-»t, Elbing. Frankfort on the Oder,

Ooslar, Gottingen, Qroningen, Halberst'idt, Halle, Hamburg, Uameln,
Hanorer, Hildesheim, Konigsberg, Liibeck, Luneburg, Magdeburg,
Mttnster, Nimeguen, Osnabriick, Kevel, Kiga, Uuremonde, Stade,

Stettin, Stralstmd, Thorn, Venloo, Warberg in Sweden, Wescl, Wisby
in the Isle of Qothland, Wismar, Zutphcn, and ZwoU in Guelderland.

Their four principal factories in foreign countries were at London,
Bniges, NoTg irod, and Beigen.

TioB powerful confederacy formed the first systematic plan of com-
merce known in the middle a^- In its factories a discipline approach-

ing in rigour that of the monasteries was observed, which even extended
to the celiijacy of factors, clerks, Ac. The power of the Honsa rose

daily. The cities enjoyed in England the privilege of exporting goods
duty-free, and in Denmark of importing dutyfree. Their alliance

was courted and their hostility feared by the greatest powers. The
Hanseatic League defeated lungs Eric and H.akon, in Norway, and
Waldemar III., king of Denmark, in 1S48 ; they deposed Magnus,
king of Sweden, and gave his crown to his nephew Albeit, duke of

Mecklenburg; they equipiied in 1428 a fleet of 248 ships, with 12,000

soldiers on board, against Erick, king of Denmark ; aitd the League
concluded commcrctal treaties with Denmark, Flanders, and England,
where Henry III., in 1266, granted them great immunities. But
when the roads and seas were no longer insecure ; when princes began

to be sensible of the commercial interest of their own states ; and
above all, when the discovery of America, and the way to India by the

Cape of Good Hope, gave an entirely new form and direction to com-
merce, the Hanseatic League gradually decline<L On July 25, 1598, the

lord mayor of London dispossessed them of the fleet-yard in the name of

the queen, who hwl «nthdrawn their privileges, and at the last general

assembly at Liibeck, the deputies from the several cities appeared
merely to declare their secession from the League. Hamburg,
Liibeck, agd Bremen formed an association in 1614, and remained free

republics till December, 1810, when they were incorporated with the

French empire, but on the deliverance of Germany in 1813 they were
again separated from France, and with Frankfort-on-the-Hoine ore now
called the free Hanseatic Cities of the Oennanic.Confederation. For a
inrticular account of their connection with England, see Steeltard.
There are numerous works treating of this league. In English, vol. i.

of Anderson's ' Deduction of Trade and Commerce ' may be consulted.

In German, the most important works on the subject are F. Sartorius's

'History of the German Hansa,' 3 vols., 1802-8, continued by Dr. J.

M. Lappenboix, 2 vols., 1830-4 ; ' Die UrkundUche Geschichte des

Hanxische Sttmlhofes,' zu London, 1851, containing much interesting

matter relating to the Steelyard in Thames Street ; and Mayer's
' Grease Conversations Lexicon fUr die gebildeten Stiinde,' article

' Hama,' contains a detailed history, with much of the internal con-

stitution of the union.

HAQUEBUT. [Abms.]
HAKDNESS. A term applied to that condition of the force of

cohesion in solids where the constituent molecules retain their relative

position and resist the application of a force which teudt to change

the figure of the body. [Attr.\ctiun.] Hardness is not the same
ciuality aa density, since many dense bodies are much softer than
lighter ones. Thus glass is hikrder than gold or platinum, and pla-

tinum is harder and denser than gold. Iron and zinc are lighter

but iiarder than gold and platinum. Lead is the softest of the

oummon metals ; but potoaaium and sodium can be moulded between
tha flngors like putty.

Language is quite inadequate to express the various degrees of liard-

neas in aolida. Accordingly the mineralogist resorts to the artifice of

saleeting a number of well known minerals aa standards of coinnarisou.

Thsae are arranged in the form of a si^e, known as the Sealt of
Hardntm in which each mineral is harder than the one which precedes

it, so that each mineral admits of being scratched or having its jiarticles

displaced by the one that follows it.

1. Talc
2. Com|iact gypsum.
8. Calc8|iar, any daavable

variety.

i. Fluor-spar.

S. AiiaUte(cryatalliaad).

BoALi or Uabdkess.

8. Felspar, any cleaTsUc
variety.

7. Lim|iid quartz.

8. Topaz.
9. Sapphire, or corundum.

10. Diamond.

In determining the hardness of a body, if it ndther scratch, nor is

scratched by fluor-spar, for example, ita hardness is said to bo 4, but

if it should scratch (luor H|>ar and not apatite, lis hardnsea is between
4 and 5. The degrees uf hardness are numbered from 1 to 10.

The readiness with which some of the metals, steel especially, can be
varied in hardness by heating, suddenly cooling, and then t«m]>erhig,

is of inestimable value in tlie useful arts. Another remarkable and

useful property is in some cases developed in the iiroduction of alloys.

Two metals, coi>])cr and tin for example, which are not separately

remarkable for either hardness or elaaiioity, possess these properties

in a high degree when combined in certain proportions, forming what

is call^ bdl-melal. [Bnx-MKTAL.] Hardness is often accompanied

by brittleness ; but this may be lessened by heating and dow cooling,

generally however at the expense of the hiirdness.

BARE-LIP, a malformation in which the lip is divided in one or

more situations by clefts extending from its free edge towards its

attachment. It lias received this name from the resemblance which it

bears to the divided upper lip of hares and other gnawing animals, and
is one of the most common of the malformations by arrest of develop-

ment. [Monster.] In the embryo, each lip is formed of four pieces

which project separately from the jaws and unite with ftoch other at

different periods of fcctal life; but if by any circumsU-uice their healthy

development is checked, they remain permanently in the condition

which they had at the time of ita occurrence. The separate portions

of the lower lip unite long before those of the upper, and fissure of the

former is so exceedingly rare as to be seldom the subject of treatment.

Of the portions of the upper lip, the two middle unite first, and then

the two lateral to them ; hence a fissure in the middle line is more
rare than one on either or each side. Hare-lip may be single or double

;

that is, there may be one or two fissures—the one may be seated in

the middle line of the lip, or opposite to the union of the two incisors

with the canine tooth ; if there be two, they will be found in the hitter

situation on each side. It may be simple or complicated with fissures

of the gum or palate, which, being developed in an analogous m<-mner,

miiy be influenced by the fame cause as the lips, though being earlier

united they are less rarely affected.

The cure of hare-lip is important, not only for the uncouth
deformity, but because sucking is prevented in infancy, and in later

life the speech is affected. It is accomplished by cutting ofi' quite

smoothly the opposite edges of the fissure m its whole length, and then
bringing them together and maintaining them in .'vxurate apposition

till, like the edge-s of a common wound, they have firmly united.

For this purpose, after fixing the portion of the lip with forceps, each

edge of the fissure is to \>e cut off with a knife, or a {lair of knife-edge

scissors, taking especial care that the wounded surface should be left of

the same form and size in each. Tliey .ire then to be placed in accurate

contact by transfixing them witli one or two harelip ])ins (according to

the length of the fissure), and connecting them with silk wound round
them in the form of an 8. These pins should be made of silver, with
removKible steel [mints ; the lowest shoiUd be passed through full two-

thinls of the thickness of the lip, just above its vermilion border,

taking care that it penetrates to the same depth in each portion, lest

the edge of one should project beyond that of the other. The next

pin should be passed midway between the lower edge of the lip and
the nostril, and the remaining aperture should be closed with a suture

or with sticking plaster. The mtervening portions of the lip are now
to be compreeeed by the silk wound about the pins, and additional

security is afiorded by placing a compress on each cheek, and there

bandaging it firmly, so as to prevent the muscles of the lii>» irom con-

tracting and separating the cut edges. After tlie oiwration the part

should bo kept perfectly quiet ana cool j in four or six days the pins

and other liressings may be removed, and the edges of the wound,
which ought to Iw completely united, will now need only to be secured

by BlickingpIiLster.

When the fissure is double, it is generally advisable to operate first

on one side, and when tliat is comjiletely healed, on the other ; but in

some oases the whole may be done at onoe, by cutting off both edges

of the middle and each of the lateral ones, and transfixing the whole

by the some pins and sutures. In those cases in which a portion of the

jaw-lxine projects much, it may be sufficient to draw the teeth from it,

and then tlie lip may be stretdied to unite over it ; tnit often it will

be necessary to remove it by cutting-forceps, or to depress it by long-

coulinuod pressure. In all cases it must be rememljcrod, that however
wide the fissures may be, there is no loss of substance in the lip ; its

edges are drown asunder by the muscles on each side, just as ore those

of a cut made in a hmlthy up,(which may indeed require the very same
treatment).

The best authorities seem now agreed that after six or eight weeks,

the earUer this operation is performed on the infant the better, only

avoiding the period uf dentition ; for besides that very young children
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are likely to be quiet and asleep all day, and that the healing

processes are then very active, it haa the great advantage of enabling

them to resort at once to their natural food by restoring the power of

sucking.

HAIiLEIAN COLLECTION. [British Museum.]
HAKMALINE (C,,H„N20,) and Barmine (C,„H„N,0,) are alka-

loids occurring in the seeds of Peganum Ilarmala. They are united

with phosphoric acid. Harmaline forma yellow salts with the acids,

and is transformed into a red matter by oxidising agents. The harmala

rtd of commerce is the powder of the seeds. It is used in dyeing red,

rose-colour, and pink. It is used in large quantities in Russia.

Harmaline yields a number of substitution products, such as nitro-

harmaline, cyanoharmaiiiu, Slc Hanuine forms colourless neutral salts

which crystalUse in long delicate prisms. Harmaline is converted into

harmine by oxidation.

HARMINE. [Hahmalink.]
HARMONIC PROPORTION. The reciprocaU of numbers which

are in arithmetical proportion are themselves said to be in harmonic
proportion; thus ^1 ^ &c

o a + b a+2b

is a series in harmonic progression.

A line ab is said to be harmonically divided when two points,

L J
o and o, one within it and one on its continuation, are so placed that

ACistocBasADtoDB. lu tius Construction, c D is an harmonic

mean between a o and b d, or a D, c d, and B D, are as the reciprocals

of terms in arithmetical proportion.

HARMONICA, also written Armokica (from the Greek word for

harmony), but more familiarly Musical Olaaaa. Franklin in a letter to

Beccaria, says that Mr. Puckeridge, an Irish gentleman, was the first

who thought of playing tunes by collecting " a number of glasses of

different sizes, fixing them near each other on a table, and tuning them by
putting into them water, more or less as each note required ; the tones

were brought out by pressing his finger round their hrima.' Mr. Delaval,

F.R.S-, constructed a set according to the above plan, and showed them
to Franklin, who endeavoured to improve the arrangement by mounting
a number of glasses on an iron rod by means of a perforation in the

bottom of each glass. The glasses partly fitted into each other without
tonching, and were timed by grinding, and in thia way thiee complete
octaves were got into a small space. The rod was th^ fixed in a box,

and being set in motion the tones were bion^t out by applying a
moistened finger to the surfaces of the glinarn To distinguish the
notes the more readily, the glasses were pointed inside ; each semitone
white, and the other notes of the octave with the seven prismatic

colours. Franklin describes the tones produced as being superior in

melltfluoua sweetness to anything he had ever heard before. The
arrangement, however, was objectionable on accoimt of its being Liable

to get out of order, so that the subsequent contrivers of mnaical glBises

have resorted to the original method, which we may here state is

nearly 200 years older than Franklin supposed, as may be seen in

Harsdorffem's ' Mathematische \ind Philoeophische Erquickstunden,'
Zweiter Theil, Nuremberg, 1651. Thia work is a sort of elaborate
" Endless Amusements," and contains a good deal that is really curious

and useful, in some cases forestalling modem inventions, which have
made more noise thxm that of musical glasises. Directions are given to

take eight glasses of equal size, to tune them by means of wine, and
with the wet finger " auf dess Olases Rand herumb fahren, so wirst dii

eine lustige Wein Musica haben."
Various methods of forming musical glasses have been introduced

from time to time, all of them costly except that by Mr. Tomlinson, who
selects soda-water glasses, finger-glasses, and tnmblers of various auses,

and arranges them in a wooden ease, fixing them by means of wooden
crews, and bringing them to the same height by means of blocks of

wood. The best way to select these glasses is to visit a glass ware-

house, and arranging the glasses likely to suit, as to sise, on a table, to
sound on a flute the note reciuire<i, and should the note be represented
by any one of the glasses, it will speak by sympathy. The reader
curious in the subject may be referred to Mr. ToniUnsou's ' Student's
Manual of Natural Philoaopky,' 1838 ; ^ich contains an elaborate
article on musical glasses— their modes of vibration and acoustic

properties.

HARMONICS. (Acoustics.) By the harmonics of a musical note
arQ meant all those other notes in which the number of vibrations per
see&nd are twice, three times, four times, or any multiple of, the
number of vibrations which produce the note in question. Thus the
harmonics of a note which is sounded by 200 vibrations per second are
those notes which require 400, 600, 800, ka., vibrations per second.
The following nxplanatiun will be assisted by reference to Acoustics
and TEMCEBAHnrT. It presumes the reader to be acquainted with the
fundamental matberaaticid laws of the scale. The harmonics of a note
are infinite in number, theoretically speaking, and proceed by less and
less intervals. And since every note may be considered as identical

with any of its octaves, every harmonic haa a corresiionding note in

any given octave. Denoting any key-note by c, aud the octave above
it by c', there ia no possible sound between c and c' which is not
th^retically either an harmonic of c, or as near to one as we please

(which is equivalent to the mathematical proposition that a whole
number, divided by a whole power of 2, may be made as near as we
please to any given number or fraction).

But, in practice, not only is it impossible to produce any number of

harmonics we plea.se, that is, to maintain in vibration any aliquot part
we please of a string or column of air, but even among the harmonics
which we can produce we find a limit to the number of those distinct

harmonics which deserve the name, etymologically considered. Some
few of the first harmonics are melodious sounds, considered in relation

to the keynote, but others are discordant, and find no place in the
scale according to any system of temperament. We shtdl therefore,

taking a given note, say c, simply mention the most important
harmonics, and reduce them to their proper places between c and c'.

Let a be the number of vibrations per second which produce c

;

then 2a is well known to produce cf, so that the first harmonic of a

note is its octave. The next haa 3a vibrations, answering to g'
; so

that the twelfth, or octave of the fifth, is the second harmonic. The
third has in vitu^tions, and answers to c", the octave of the octave.

The fourth harmonic has 5a vibrations, and gives e", the double octave

above the third, in the untempered diatonic scale. The fifth harmonic,
with 6a vibrations, gives a", the octave of ii' the second harmonic. In
general, every harmonic whose vibrations are an even multiple of those

in the keynote, is an octave to a preceding harmonic, and presents no
new chaiwster. The sixth harmonic, having 7a vibrations, is an
imperfect (being too flat) double octave to the fiat seventh above the
key-note, or B flat. This last note, in the common mode of tempering,
makes l'77a vibrations per second ; whereas the same note derived

from the harmonic makes l'75a vibrations. The eighth harmonic,
with 9a vibrations, is correctly d'", or three octaves above the
untempered major second. The tenth, with 11» vibrations, is a little

too sharp for f", being 11a instead of lO^a. The twelfth, with 13a
vibrations, is a little too flat for a"', being 13a instead of 13^a.

The preceding summation is useful, as giving an account of the
scale of all those musical instruments which consist of one unaltered
pipe. These are the bugle, the French horn, the trumpet, and (but

for its slide) the trombone ; in all of which (except the last) no note

can be produced except a liarmonic of the fimdamental note of the
whole tube. Calling the fimdamental note c (which however is not
very easily soimded), the ordinary scale of these instruments is

—

c c' o' c" vT a" (B" fiat) c"' d'" e"' t'" a"' a'", in which b" flat i.s

too flat, i"' is too sharp, and a'" too flat. A short pipe ho%vever will

not produce many harmonics ; the bugle' goes no further th.in o", at

least with common lijw. Various contrivances have been introduced
to extend and correct this scale ; tlie keyed bugle, the use of the hand
in the French horn, the pistons sometimes applied to the same instru-

ment, and the short slide of the trumpet, to say nothing of the slide

which is the principal distinction of the trombone, will suggest them-
selves to all who are acquainted with musical instruments. It will

be seen under Horx that Mr. Sax has added other contrivances for

the extension of the scale. In other instruments harmonics are mtich
used, particularly in those of the violin class, and in the flute. The
performance of I'aganini upon a single string, which many years ago
oreatetl great sensation among violin players, arose from .an extraordinary
power in pro<lucing harmonics. In the flute c" may be attained with-
out much practice, as an harmonic of the fundamental note of tlie

instrument ; and we have heard of players who could produce d'" and
even i;" in the same way. On the long strings of a piano-forte, as the
fundamental note subsides, o', c", and e" may be perceived ; and wo
have heard, among the vaulted roofs of a cathedral, several of the
harmonics of the notes sounded in chanting. For further information
see the references in Acoustics.
HARMONIUM. This is one of a numerous family of instruments

which owe their origin to the invention, or rather the revival, of the
free reed. There are m.-my claimants to this invention ; but, xs st.ited

under Accordion, the Chinese were acquainted with it before its intro-

duction into Europe, and the Chinese organ and the musical trumiwt
de|>ended for their efiects upon vibrating tongues of metal. The
French, who are often as happy in re-inventing the inventions of other
nations as they are uudoubtedly clever in their own, cliiim the free

reed ; and so respectable an authority as M. Biot (' Precis dldmentaire
de Physique experimentale,' Paris, 1817, tome i., p. .386, fig. 50) assigns

the invention to M. Orenid, " habile amateur de inusique." Biot says,

in bis usual perspicuous manner, " La languette est une lame de laiton

parfoitement plane, et couple en forme de rectangle, do manifere ^
remplis exactemcnt, ou plutdt presque exaetement la face dvid(!e de la

rigole." This wjis in the year 1810; and two instruments were con-
structed, one of which was sent to the Conservatoire des Arts. In
1SJ7 three free reed 8to|)S were introducetl into the organ nt Beauvais
Cathedral, and in 1824) M. Sebastian Erard introduced a free reed stop

into ,011 organ built by him for the Tuileries. After this, the free reed
gave rise to a number of new instruments, such as the acrnrdion,

Wheotatone's reolina, the predecessor of that exquisite Uttle instrument
the Concertina. Many attempts were made to improve the accordion
by enlarging and completing its scale, so that it naturally assumed the

form of an organ in which a free reed stop took the place of pipes
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(OaOAJi], and it «u fitrnithcd with b«Uoin workad by tha foot Such
«M tha tamfkimt. Varietios of thia inatnunaot appearad imdor «ucb
(rightful namaa aa aalopkm, MnaHannoiMat, milamtuieon, jtoikitvrgut

;

ala» tha wtdtdimm and wgwi^vmimm , ths kmrmo»i»m, tha foldi»g kar-

mfmiam, or wrfim tk aojwv», which bringa ua to the aubject of thia

artiela, in whidt all w« can pretend to do ia to give aome id«a of tha
Mohaniaai bj wfakli the well-known muaioal eOeota are |»oduoed,
lafarring tha reader to hia own good taate, ur to that of hia muaioal
frienda, in the aalaotion of an inatrumant among the diSerant olerer

maken who are warmly oompetiog for public favour. To give a
completa aooount of ita niechaniam, and the vaiiationa adopted by
diflfetaot maker*, would require a volume.

It will be underatood that the free reed diflom from the beating reed
in the reed-pipe of an organ in thia,—that in the Utter caae a thin

tongue of bnuH Is made to beat on the flattened nidc of a tube, ao aa to
cover and uncover alternately a slit through which the air paiwea into

the pipe above. In thia caae the tongue is larger than the opening

;

but in the caae of the free reed, the tongue is a Uttle smaller than the
opening, ao that when a current of air ia projected against it, the tongue
peida ao as to let it pass ; but its elasticity foroea it back into the
opening, and it« momentum carriea it to ai» equal distance on the other
aide. In tliU way, no long aa the current of air is inaint.'une<1, viliratioiia

are established, and a aeries of pulsations produced in the air which,
if sufficiently rapid, will produce a musical tone. [AcocsTlcs.] The
vibrations of the reed dejteud for their rapidity on the thickness of the
tongue at the free end in proportion to its length : if thick at the free

end and thin at the fixed, the vibrations will be comparatively slow
and the resulting note deep ; if the tongue be thin at the free end and
thick at tho tixed, a liigker note will be the result. The reed is ttui»l

by scraping off a small quantity of the metal at the free or at the fixed

end, aa the caae may be.

The accompanying figures represent the free reed as used in the
humonium : 1 is the brass frame containing the slit ; 2 shows the reed

in its frame and the method of fasten-

ing; and 3 its position in the instru-

ment, the reed being a little below the
slit when not in motion. This arrange-
ment produces a more smooth and

I

mellow tone tlian that of the beating
reed, and has the grand advautago of

not requiring a pi|>o, which is an in-

dispensable appendage to the beating
J reed. The free reed has also a superior

and

,
o aCzT
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power of expression, anrt any given
note, while preserving the same pitch, may be made loud or soft by vary-

ing the pressure of the wind ; the greater the pressure, the larger the arc
of vibration, and, consequently, the louder the note. The arrangements
in the harmonium fqr varying the pressure of the wind, ^ow of

emceHdv and diminuendo effects being produced. There are also means
for altering the quality of the notes, while preserving the same pitch,

thus giving the varied effects of the organ with the portability of the
piano-forte. Variation in quality is produced by making the reeds differ

m size and ahape.

The accompanying figure, which we copy from Mr. Allen's pamphlet
on the construction of the harmonium, will show the principal parts of
the instnmient. The notes are produced by wind which is furnished
by meana of bellows, worked by the loot, and forced through the valve
X into the air-chest e, and thence through the cavities a A, in which

r I
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the reeds are placed. These cavities occupy tb.- wliuli- width of the
instrument, and are separated by |>artitions a a. B b are the reeds, of
which there is a compliBte row or stop in each channel ; u is one of the
long or white keys, the further end of which forms a val%-e which closes
two of the cavities, and in kept in its jiosition by the spring K. Under
and near the front end of the key is a lever, i, which covers two other
nvitiea in tha wind-chest, and is also held in position by a spring K.
Thus It wiU ha aaen that the effect of prening down any one of the
keys is to open all four cavities ; but whether the tongues in all of
them be set vibratmg or not, depends upon what stops are drawn out
in front of the instrumtmt. Connected with these stops are four steel
rollani, .x x, which oj«n the valves D D, and thus admit air from the
chamber into the cavity a, and thence through the slit into c, and so

out of tha inatrtunant aftar having vibrated the tongue. Each valve

D is opened by a small piaoa of bnas projecting from the side of the

roller pressing on the piaoa marked o, and each valve ia drawn up again

into ita pUce by a spring not shown in the diagram when the stop is

pushed in.

The wind then being admitted through the sUt from A into c, the
tongue is made to vibrate, but it does so at first in a weak and in-

efficient maimer, and time must be allowed for it to vibrate fully and
freely. This is of oouna a aerioua defect in a muaioal inatrumant, a
defect which in the case of the harmonium is overcome by what is

called the pereunum action iu which the moment the key ia pressed

down, a small hainmar riaes, strikes the reed, acta it in full vibration

which is than continued by the wsoaping wind. On preaaing down the
key, a button, L, on its under side, preaaas down a lever i, and this in

its tiuTi, forees down the hop|>cr K, which sets the hammer in motion,
as shown iu the figure. The best harmoniums usually contain twelve
stops or draw.knobs, the firat of which, cor Anglais (bass), and ^ufe
(treble^, is the principal stop. No. 2, bowdon (bass), and clarionet

(treble), is tuned an octave lower than Ko. 1 ; No. 3, clairon (baas),

KuAjifn (treble), is tuned an octave higher than No. 1. No. 4, batian

(bass), and hautboit (treble), is tuned in unison with No. 1. When
these four stops are used together, the power is very great. In
Chappell's instruments the draw-knobs marked forte, communicate
with slides which open ^lerturea directly over tiie reeds, and thua
increase the power. By drawing out the knob grand jeu, all the stops

are opened at once, and great power produced. By drawing out the
exprenton stop, there is an arrangement by which the power of any
given note may bo increased by pressing more forcibly on the foot-

board, and in some iiistruments there is a draw-knob, marked ejcprt*-

tion d la main, by drawing out which the power of a note may be
increased simply by pressing strongly upon the key. There is also tha
toardine, and the ctlttti, for modifying the tone of certain stops.

The harmoniums best known iu England are manufactured by
Alexandre and Debain, of Paris, the latter maker claiming to be the
original maker of the French instrument. Iu 1841, however, Mr. Evans
of Cheltenham produced the Ungtiali harmonium, with two chiviers,and

two octaves and a third of pedals. This instrument attracted much
notice ; but it was not brought prominently forward until early in

1859, when Mr. Evans became a steady competitor of the French
makers. His object was to overcome the nasal and harsh tones, slow
articulation, and other bod quaUties of the instruments then in

use ; and be has succeeded in producing a fine instrument with a good
diapason quality, and great rapidity of speech without any loss of

power. He has also introduced a wind indicator for removing the
difficulties usually felt in the management of the bellows. He has
also patented a simple action by which is produced the c c c c (32 foot

note) with instant speech ; this is an octave lower than has ever been
attained by the French instruments.

The means by which the ]iercuiMiou action is got rid of, and a «itir>il»r

effect produced of making the reed or tongue vibrate simultaneously
with the depression of the keys or pedals, consists in having a toothed
projection attached to a rod or connecting piece, which is moved by
the lever extending from the keys; and the projection is so arranged

that it works in a mortice formed in the connecting piece, and an
extension of it fonns a lever, the fulcrum of which passes through the
connecting piece, the lever being retained in its place by a spring.

When the key or pedal is depressed the connecting piece is moved, and
the toothed projection comes in contact with another projection,
attached to the free end of the tongue or reed, and as the spring
yields, it passes the tongue freely, seta it in motion, and makes it

instantly speak. The counter motion for restoring the key or pedal to
its oi-dinary position is a spring or a weight attached to the connecting
rod, or the connecting rod may be attached to a pedal or other pro-
jection acted on by the feet. The above figure is a side section of the
mechanism at rest : a is the projection attached to the free end of the
reed ; in small reeds for the high notes thia projection may be simply
a protruding piece of bristle. B is a lever or jack, containing a mortice,
in which is a siuoller lever furnished with a tooth ur projection c*, this
smaller lever moving on a centre the bearings of which are in B. D ia

the spring for keeping the Hiuallcr lever in poaition. For |)edal action
the reeds are arranged vertically, and a lever is attached to the end of
the {Hxiol with a comiecting rod proceeding to the end of the jack and
of the lever, so tliat when the jack is pulled down it may strike the
projection the reverse way to that above described. The arrangement
IS, of course, applicable to concertinas.

This action is Irgato, not tiaecato, like the percuaion, and is there-
fore peculiarly adapted to pedal-playing. The toothed projection at
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the end of the vibrator is required in so short a tongue to produce the

depth of tone.

HARMONY (in Music), musical sounds simultaneously produced
according to certain rules, forming a chord, or a succession of chords.

The simplest harmony, namely the triad, or common chord, is the

result of the vibration of all sonorous bodies, and the foundation on
which much artificial harmony is built. Under the word Chord the

reader mil find this matter further explained. M. Catel, a modern
French theorist of great authority, has divided harmony into natural

and artijicial, including in the former all chords not requiring pre-

paration ; in the latter, all that are fornietl by retardation, suspension,

&c. But we cannot acquiesce in this arrangement, for it places the

chord of the seventh, which is the source of the three real chords of

dissonance, in the same category as the triad, or the chord of nature,

which of course cannot be admitted. It is true that the chord of the
seventh requires no preparation—that is, the dissonant note need not
be heard as a concord in the immediately preceding chord [Discokd]

;

nevertheless this privilege cannot make natural that which is essentially

artificial.

Harmony and Counterpoint are now practically considered as synony-
mous terms, and for some rules concerning the latter, as well as for

examples, we refer to that word. [Cocnterpoint.] To what has
been said under the head Chobd, we also again call attention. Chords
are the language in which harmony expresses itself, and the laws by
which the one is governed regulate the other also. Besides the rules

given under different heads in this work, we here add the few
following :

—

1. No two perfect concords, namely two Stiu or two Sths, are
allowed to succeed each other in the same progression, but are per-

mitted in contrary motion ; that is, when the one rises and the other
falls. Examples :

—

Simitar motion,

bad.

Contrary motion,

good.

:«^ EE -g—H-
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2. Must discords require to be prepared, and all must be resolved ;

ihat is, the dissonant note is to be first heard as a concord, and after

percuuUm, or being sounded, must pass into a concord, generally by
falling a tone or semitone. But sometimes the resolution is brought
about by the base, aa in the instance of the discord of the 2nd.

Examples :

—

3. It is in the nature of sharpened inter\'al8 to rise, and of flattened

ones to fall ; but extreme sharp intervals almost invariably must rise,

and extreme flat ones as invariably must fall. Example :

—

i¥=^
IB »3 !27

:Stt:

These examples will also show a reason for giving two names and
appearances to that which is, practically speaking, one and the
same note; though, theoretically, a sharp and B flat are different

sounds.

4. In music in four or more parts, the parts should be dispersed, or
separated, io a manner as nearly equal as possible : thus a more perfect

symmetry is obtained, and a richer harmony produced. But with a
view to some particular effect, a very different distribution of the parts

is occasionally made.

5, As a general rule, every composition, whatever its kind, is to
gommence in its key ; but as regards the termination, the rule is

without exception, and peremptory : though sometimes the third is

changed, from minor to major.

To enter fully into the subject of narmony would be to give a
treatise on musical composition. The symbols of harmony—or certain
figures,somn written,Bome implied—will be explained underThobouuh-
Base, an inadequate and unmeaning term, but so firmly fixed that it

could not now be changed for a better. For the accompaniment of

the scale

—

La Riyle de t Octave, aa the French call it—a very important
study when properly carried out, see Accompaniment.
That the term harmony was not used in the same sense by the

ancients as by the moderns, seems now to be generally admitted, but
admitted without at all affecting the loug-disputed and, we believe,

undecidable question, as to the knowledge of counterpoint possessed
by the Greeks and llomaus, or compromising any opinion delivered or
entertained on that obscure and perplexing subject. By Harmduia
{apiiovia} the Greeks meant simply to express the proper relationship

of one sound to another, the pleasing^ agreement of intervals in a
melody, and nothing beyond. Though, however, they employed the
word harmony in a very different sense from that given to it in later

ages, it does not thence necessarily follow that they were ignorant of

the high branch of the science to which we apply the term. That they
played and sung in octaves is undeniable ; and it is aluiost equally
certain that they occasionally used simultaneous thirds, instrumentally
and vocally. It seems uuUkely, then, that so active, so ingenious, and
musical a people, furnished with au abundance of many-stringed lyres,

of double flutes, as well as other instriuuents, shoiUd not have dis-

covered, even by mere accident, something of harmony, and have been
led to investigate its nature and cultivate its practice. But on the
other hand, if they were acquainted with the effect of combined sounds,
and, as a sure consequence, had converted their knowledge to some
useful purpose, they would almost certainly have left, among the
numerous disquisitions and lengthened conversations on the subject of
music which have reached us, some undeniable evidence of so im-
portant a fact.

HARP (heapp, hearp, Saxon), a musical instrument which, under
different forms and denominations, may be traced to the remotest
ages. According to Holy Writ, Jubal, seventh only in descent from
Adam, was its inventor ; he " was the father of all such as handle the
harp and organ," as Moses tells us. Notwithstanding the wonders
related of Amphion's lyre, or harp, we are compelled to believe, judging
from representations in sculpture and on coins, that the Greeks them-
selves did not so much improve the instrument as their writings would
lead us to conjecture. But there now seems to be Uttle doubt that
the Egyptians brought the harp to a comparatively high degiee of
perfection : the fresco p.-untiug discovered by Bruce near the ruins of
Thebes, which he thinks was executed by order of Sesostris, who
reigned between fourteen and fifteen hundred years before the Christian
era, exhibits a harp so much resembling that of the present day, in
form, dimensions, and ornament, that it might, upon a hasty in-

spection, be mistaken for one of modern manufacture. He describes
it as wanting the pillar, an omission, most likely, of the painter. " The
back part," he says, " is the sounding-board, composed of four thin
pieces of wood, joined together in form of a cone, that is, growing wider
towards the bottom Besides that the principles on which
the harp is constructed are rational and ingenious, the ornamental
parts are likewise executed in the best manner. The bottom and sides
of the frame seem to be veneered, or inlaid, probably with ivory,
tortoise-shell, and mother-of-pearl, the ordinary produce of the neigh-
bouring seas and deserts. It would be now impossible to finish an
instrument with more taste and elegance." This account, among
others by the same, was at first received with some suspicion ; but
later travellers in Egypt, among whom. is Uenon, have vindicated
Bruce and confirmed his statements. Rosellini too, one of the best
authorities, in his work, ' I Monument! dell' Egitto,' &c., Pisa, 1832,
has given coloured engravings of harps corresponding in nearly all
respects with the instrument designed and described by Bruce, thus
proving the great superiority of the Egyptian harp over every instru-
ment of the kind known to have been in use among the Greeks or
Romans.
Many learned persons, observes M. Ginguend, are of opinion that the

Europeans are not indebted to the Egyptians for the harp, notwith-
standing the resemblance of the instruments used by both the former
and the latter ; they believe that it originated in the north, that it was
introduced into England, and subsequently into Ireland, by the Saxons
and other piratical hordes from the Baltic. Martianus Capella found
it among the northern tribes which overran the Roman empire in the
fifth century. Jones, the Welsh bard, claims for his country the
possession of a harij of twenty-six diatonic notes, so early as the
beginning of the sixth century, and moreover adds that musical com-
positions proving the validity of his claim were extant in his time.
But he offers no authority for the statement. The Irish were well
acquainted with the harp from a very early period, and it appears
probable that harps of the Egyptian kind were known in Ireland long
before our sera. In Bunting's ' Historical and Critical Dissertation on
the Harp ' is an engraving and description of an ancient Irish one still

in being, though in an imperfect state. It had in a row forty-five
strings, and an additional seven in the centre, as unisons. Its form
is not unhke that of the modern instrument, but the pillar is curved
outwards, and in point of workmanship the whole is remarkable " both
for the elegance of its crowde<l ornaments and for the general execution
of those parts on which the correctness of a musical instrument
depends." Its height is 3 feet 10 inches, and the longest string is

3 feet i inches.

The Welsh triple-stringed harp of the present day extends from o an
octave below the first line in the base, to a or a in altissimo on the
Hyht side; and from a, the first line in the base, to the same upper
notes on the left hand ; the middle row consists of the semitones of
the outward rows. Hence, if the outside rows be tuned in the diatonic
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Mil* of o, each pumllal note baing in parfaet uniion, th« notoi of the
BiMdla row ara tunad aaamitona bighar ; " thai U,o ia mada aharp, fte.,

ao Ikat in modulating from tlia kay of o to that of D, tba perfomMir
iatroduraa a finger batwoan tha o natural and D of th« outaida itringa

to atrike c ihaqi, which ii in the middle row."
Tha harp, aa a KanaraUy uacful inatrumant, may ba aaid to date ita

ariatanea from the time whan pedala ware added to it. With these it

ia pomibia to wodnlata into all ka^ and to axeente an; muaio auited

tokejed-inatramanta. We are indebted for the |n>aaaQt improved and
iwarlj parfeot alate of the harp to the late M. Sebaatian Eiard, who, in

1 704, took out a patent for a harp with seven pedals that rendered the
rtirntMtJB aeala. Thia was a aingl»action-harp, the pedals only

eflaotiag one ohaage on the atringa. In 1808 the same mechanist
prodoeed hia doubla-aotioo harp, the pedala of which have two actions.

Thia laat ia tuned in the key of o flat By fixing the pedala in the fint

groove tha instrument ia at once truupoaed into c natural ; and by
fixing them in tha aeoond grouvv it is transposed another semitone
higher, into the key of o sharp. The oompaaa of the harp thus
imptOTcd is farom double a below the baae to B in altiaaimo ;

But though the harp in this highly improvied state may be used for

the performance of any music written for the pianoforte, yet in

executing compositions in which there is much modulation, the

difficult ia of an extromo kiml, and indeed unconquerable except by
deruting more time to practice than ought to be bestowed on au
aooompliahment, however elegant and fascinating.

In the oouati uction of the harp there are many ingenious mechanical
contrivaooaa which would repay the study of persona fond of such
inveitigatioaia : there ia also much skilful workmanship required. The
name of Erard ia still one of power in connection with thia instrument.
At the Cireat Kxhibition of 1861, Mr. P. Erard received the Council
Medal fur his pianufortes, and on " account of the great merits of his

harpa the jury included them in the award." Messrs. B. Jones are
honourably mentioned for an improved triple strung Welsh harp, and
a t^ianiard named Uallegoa received a prize medal for an ingenious

qnwimen ol karp-ituUcir,

HARPSICHORD (originally, and with some reaaon, written flarjt^-

am), a keyed musical instrument, in form the saaa aa the grand piano-

forte, but amaller, stning with steel and brass vrires, two to each note,

which were struck by jadst armed with small piecee of quill, acting as

pUetmmt, and tliua made to render a brilliant but somewhat harsh
aoimd, wholly unlike that produced by the hammers of the piano-forte.

The compass of the harpsichord did not at ftrst exceed three octaves,

but by degrees waa extended to five, from double r bnlow the base to

r in altisdmo : or

—

All harpsichonls had ttopt, which increased or diminished the string

poiwer : they also were generally fumidied with a twitl, or a means of

t^aning and closing the lid : and many were supplied ynth two rows
oi keys, the upper acting on a separate set of strings, which gave a

V«I7 soft sound, intended as an imitation of a muted vicilin, Ac.

The period at which the liarpsichord w.-u invented is quite uneertain.

It is not absurd to surmise that the organ speedily suggeeted some
instrument of the keyed kind, in which strings were substitoted for

pipes, but of that under notice there are no traces before the 1 5th

eaatwy. Indeed we find no intimation of the harpsichord having
baaa introduced into Englan<l till the early part of the 17th century

;

and in laaa tbaa two hundreil years it hod fallen into disuse in this, as

well, we believe, as in every other, country. In 1838, Mr. Mosoheles,

wiahing at hie Soirftt Mutlraift to perform some of the lessons of

Scarlatti, Handel, and Seb. Bach on the instrument for which they
waw wi lttau, bad great difficulty in finding, in the vast city of London,
• harpaiokord to enable him to accomplish his purpose. Several other
triaaed instruments struck by pUcIra, were, together with the harpai-

•bord, supenedwl by the sutwrior action of (Jm PUKoroRTK.
HARQUEBUS. [ARas.J
HAKTUf (Ck,H,0^. a white eryatalline ream extracted from

HARTITK. A rosinous matter very similar to halchetin.

HAKTSHOKN, SI'iniT OK. [Ammonia.]
UAUTSHUKN, tile honi <jf the Crrrui Elaphu*, the hart, or common

rtag [Dob], which ha* a |>lac« in the pharmacopoeia, beeaose it contains
leas earthy matter, and more gelatine, than other bones. It ia kept in

tlM form of shavings, of wbieh a snfHcient quantity boiled in water
yialda a jelly suitable to eonvaleaeenta, which mav be flavoured with
lemon-juioe or wine, Ac ; but there is no proof that it is superior to

jelly made from oalvaa' feat It ia aWHtlmaa a uaeful addition to milk
for young children, but it poaseaaes no alkaline propertiea, and th«
further addition of a little lims-watar ia often naoeaaary to fit it for

irritable atomaoha. The deooction of hartahoru is often uaed by
br^wara to clarify beer and other liquors, aa being cheaper than
iainglaaa (Pereira). The pungent volatile salt, called smelling-salts,

retalna the name of hartahoru from being originally obtained by dis-

tillation of this horn. [Amuonia.]
HARUSPICES, a class of priests in ancient Rome, whoaa principal

duty waa to inapeot tha entrails of the victims which had been SMsrifioed,

and thereby to fontel future events. They also interpreted various
phenomena, such aa lightning, earthquakes, kc (Cicero, ' Cat.' iii. 8

;

'Div.' i. 41.) Thia art, called Ilariupicitia, waa derived from Etruria,

where it is said to have been disoovered by one Tages. (Cic. ' Div.'

iiL 23.) The Romana tised frequently to sand their children to

Etruria in order to be instructed in this art (Niobuhr), or as others
read the passage (Cic. 'Div.'i. 41) caused a numl>er uf young Etrurians

Ijelonging to Roman families to be so instructed ; and Etrurian hani-
spices often practised their profession in Rome. The duties of the
baruspices in many respects resembled those of the augurs ; but they
were not reckoned so important, and they never acquired that political

influence which the augurs possessed. [AcoVRg.] They were formed
into a college or corporation at Rome, of which the chief waa called
" Summus Haniapex," or " Magister Publicus." Their art fell into

disrepute among the well educated Romans in the later times of the

republic. Cicero ridicules their pretensions of foretelling future

events, and relates that Cato used to say that he wondered how one
haruKpex could meet another without laughing. (Cic, ' Div.' ii. 24.)

The Emperor Claudius wished to revive tha study ; and under his

directions a decree of the senate was passed for that purpose (Tac.,

'Ann.' xi. 1.5) ; but it probably produced little effect.

HARVEST is a most important period to the husl>andman. When
by his skill and industry the groimd has been well prepared to receive

the seed, and every circumstance has been favourable to the growth
and ripening of his crops, he may be deprived of a great portion of

his reward by an unseasonable time of harvest. Although the state of

the weather be beyond his control, he may, by an attentive observation

of the usual changes at pjirticular periods of the year, anticipate ita

influence in any particular situation. The precautions which are neces-

sary in a northern climate, where the fruits of the earth come late to

maturity, would be superfluous in more southern latitudes. It is from
the inhabitants of northern and mountainous coimtries that we are

likely to lejun the mc.-ms of obviating the effects of an unfavoiunble

season and a late harvest.

In those southern clim.ite8 where the heat and drought are not too

great for the growth of com, the only care of the farmer is to procure

hands sufficient to reap it. The heat of tlie sun and air soon dries the
straw and hardens the grain. A spot is levelled in the field, and the

com is threshed out immediately, either by the tread of cattle driven
over it, or by the flails of numerous threiihers. The com is winnowed
and stored in granaries ; and the straw is reserved till winter, when it

forms the chief fodder of horses and ctttle. In these regions the

harvest is a continu.il feast ; no ungenial weather disappoints the hopes
of the husbandman. B\it in northern climates, where the hiirveet is

later, and cold rains and storms are frequent in autumn, ingenuity is

often taxed to save the com from being entirely spoiled, after it has

been severed from the ground ; roomy bams are erected to secure it in

the straw, till it can be threshed ; and the joy of harvest is frequently

interrupted by the anxiety which is the consequence of sudden changes
of weather.

To lessen the casualties of harvest in a moist climate, the ox)>erienced

husbandnum endeavoiu^ to arrange the time of sowing each kind of

grain, so as to ensure their coming to maturity in a regular succes-

sion. Thus he has more time to attend to the precautions of

which experience has taught him the utility ; and if the duration of

harvest is longer, there is less danger of all his crops being si>oiled by
a wet season.

It was long the custom through the whole of the north of Europe
to store all the pro<luce of the 6imi into bams, especially the com

;

and it was thought that as soon as the sheaves ware eollectad under a
roof, all danger was post. The increase of the produce raised on moat
binds by an improved system of agriculture gave rise to the practice

of stacking com in the o|>en air, and securing it by a covering of

thatch. It was soon fbimd that the grain thus stored in the straw was
better preserved than that which was in the bnm ; and the invention of

stone, or cast-iron pillars, as supports for the frames on which the

grain was stacke<l, not only secured it from the depredationa of vermin,

but kept it in a much drier state tKan when the stacks weie made on
the ground. This waa a great improvement ; and now, in the beat

managed farms, the only bams required are those in which the

com IS threshed ; and if there is sufllcient room to hold tha contents

of one stack of the usual dimensions, it ia all that ia abaolutely

reqiiired.

The wont of room in the bams was probably one of the reaaons

why the reapers were permitted to eut tha straw half-way between the

car and the root, leaving more than half the straw in the field. Another

reason also waa the profusion of weeds which grew amongst the com,

and which retanled its drying, by retaining the wet much longer than
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I nnfttlly prvparnd. It u cnt from the pelt or akin by » beautiful

~«««i«t~« adrvtod to in the artiole Pl'RRIERT, and shown in fig. 2

;

ifC^

T\g. t.—Ta nhesriog mtchine.

aftar wUdi it ia sorted by the machine shown in fig. 3, described in

the same article. When rtady.the fur is bowed and imperfectly felted

Fl(t. S.—For Mptrating machine.

in the manner Already AeacrWvA, and Bhaped the same ns the body to

which it is to bo applied, but a little larger. The body is softened by
immeniing it in the boiler ; after this the nap is applied and worked
as in felting, until the required union is effected between the two
bodies. A narrow strip of beaver i« felted round the inside of the cap,

to form the underside of the brim. During the felting, the fibres of

fur become driven in between the fibres of the felt body, and firmly

interlocked.

The felt thus covered is in the form of a cone, and must be brought
to the cylindrical shape in which it is worn by means of a wooden block
of the requisite form. This operation, which is called blocking, is per-

formed by woiUng it with the hand on the block to which it is tied.

The hat u then combed and sheared ; after which it is dytnl in a bath
composed of water, logwood, sulphate of iron, verdigris, and gall nuts,

in which the bat is boile<l during some hours ; it i« then drained and
dried. After this it is softened by steam, the crown is strengthened by
placing in it a disc of scale-board, and linen ia pasted over this. The
nap ia raised, and a imiform direction given to its fibres by means of
warm irons and hair brushes. The last prooeaaea are binding and
lining ; when the liat is ready to be worn. A good beaver hat nasaes
through the bands of not fewer than twenty or twenty-five workmen
during the prooeaa of manubcture.
PlaOtd and Felt ffai*.—The bosver hats, just deacribed, although the

best results of the hatter's art, are very little worn at the present day

;

their commercial importance is therefore small. In every way the use
of them baa leaaone<l. Originally the foundation , as well as the napping,
was made of beaver fur ; then there w.t« a substitution of fine wool

and ooarae fur for the foundation ; then a mixture of cheek beaver and
oommoo beaver for the best fur, aa a napping; and lastly, a oom-
binatioo of a very small portion of beaver wiui neutrta, musquash, hare's

fur, and wool About the year 1830 it waa estimated that a million

beaver* were annually killed to supply the bat-trade in Europe ; but in

1 860 it ia beUeved that little more than one-twentieth of this quantity

is thus used. The plaiud bats, in which coarse and cheap fur are

employed in«*^"^ of costly beaver, are made nearly in the same way,
and have been equally affected by change of {mIuoo. The revival of

the old fdt h«ts, or the use of such hat* by persons who would formerly

have aoomed to wear them, haa given a great impetus to this particular

branch of the manufacture. Here no fur is employed. Wool, of a
greater or leas degree of fineness, according to the price to be charged,

is felted into a compact body ; and this body is either blocked into the

regular hat shape, or is made to aaaume one of the many varieties or

slouch or 'wide-awake' forms. It may be mentioned here that in

America felt hats are now made by machinery.

Silk I/att.—These have became by for the most imjmrtant article in

the manufacture, so far aa concerns extent of production. Silk is

wholly incapable of felting, and therefore cannot be applied to a hat in

the same way as wool or fur. A silk hat consists of a non-felted body
covered with a non-felted hood of silk plush. Willow, caao, chip,

stiffened cambric, horsehair, mohair, and many other substances are

employed for the body or foundation. The body is made by shaping
round a block, .wd using a substance of extra thickness for the brim. A
varnish cement is usecl to join the various parts ; and a resinous stiffen-

ing composition is laid over the outer surface. To aid the adhesion of

the silk plush to the body, the latter is coated with a peculiar varnish,

which, being softened by a heated iron after the plush u laid on, causes

the two to adhere closely. The fixing of the plush is the most difficult

part of the manufacture. The silken fabric must not only be made to

adhere in every part, but the seam or joining up the Bide of the hat
must be render^ as ini|)erceptible as possible. The plush is in the first

instance sewn by women into the form of a hood or covering for the

hat ; but there is no sewing at the meeting-edges up the side ; they are

brought together, pressed down with a heated iron, and the silk nhag

brushed over the joint. Their junction can always be seen in a silk

hat, however cleverly made. The large increase in the manufacture of

silk hats within the la^t few years, has resulted chiefly from the use of

a waterproofing compoi<ition previous to the application of the plush

;

the elastic gums, when dissolved in naphtha, impart a body or substance

to the foundation, which enables the makers greatly to reduce the
quantity of material employed in making it, thus at once cheapening
the hat and making it more light and elastic. The same quantity will

now work up into more than tnnce as many hat-bodies as were pro-

ducible by it twenty years ago. Plush is Inrgely made in England for

covering silk hats ; but the liest, for the so-called ' Paris hats,' comes
from France, whence nearly 200,000 lbs. of black silk plush are yearly

imported for this purpose.

Cork JIatt, <bc—The novelties introduced or proposed within the
last few years in the hat-manufacture are very numerous ; but wo can
only glance slightly at some of them. The lightest hats made are those
in which the foundation is of cork, cut into very tliin sheets by a sort
of veneer-cutting machine ; but though light, they are not yielding,

and not well suited to maintain their shape. One novelty in felt hats
consists in producing the shape bj- a kind of die and counter-die, one of
which forms the convex and the other the concave side ; the dies are
heated by steam, and the combined heat and ])ressure foree the felt to
assume the desired form. A somewhat similar method is that of
forming a hat in one piece without joining; the felt, cloth, or other
material, after being dressed with an adhesive solution, is stamped into
form between a heated mould and a heated plunger; the h,it might
even receive a pattern or device on its surface, if the mould were
engraved or embossed ; and a waterproofing solution might be applied
either before or after the stamping. One inventor proposes to emjiloy
a former or core of perforated metal ; this former rotates in front of a
trough containing wool or hair ; a revolving fan s\icks the air out of
the former, and draws the fibres from the trough until they are
deposited in a layer on the perforated metal, where subsequent pro-
cesses cause them to felt together into a hat-body. Some hats are
made with a complicated system of springs in the foundation, to facili-

tate the folding up of the hat into a flat form for placing tmder the
arm or on a seat. A contrivance having a similar object in view baa
been introduced, consisting in cutting the bwly quite through, at the
lines intended for the creasing ; the edges are then cemented by cover-
ing them with a thin strip of Indiarublwr, leaving the edges a little

way apart. A suggestion has been made for using palm-loaf, or the
Bracilian grsasplait, as the foundation for a hat ; the material to be
plaited to something like the necessary form, then shaped on a block
while moistened by hot water, then strengthened wiUi tapes at the
edges, and then stiffened and rendered watcrjiroof ; it is conwMved that
such a hat, coated with silk plush, would be light, soft, easy, and
durable, fjome hats are rendered ' ventilating ' by cutting a ciroilar
hole in the found.ition, and hiding it with tile silk plush ; while others
exhibit a complicated structure of the brim and sides for the attainment
of this end.

The,ex|X)rt of hats now amounts to about 180,000 dozens annually,
nearly all to the British colonies.
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HATCHETIK A fossil resin found in the lignite of Wales. It is

colourless, fusible, and volatile ; and is probably identical w-itU ozokerite.

It has the same per-centage composition aa olefiant gas, but is doubt-

less a mixture of several chemical compounds.
HAUTBOIS. [Oboe]
HAWKEK. [Pedlar.]
HAWKING. [Falconry]
HAZEL. Economical Uses. The hazel is best known for its nuti,

which are consumed in enormous quantities. From Spain alone there

are usually exported 30,000 or 40,000 bags in a year, of four bags to

the ton. Besides being eaten simply aa a fruit, the nuta are sometimes
peeled in warm water, and used aa a component in dishes like bl.anched

almonds ; or converted into a kind of chocolate ; or mafle into bread

;

or pressed to yield an oil little inferior to almond oil. The wood of

the tree is not large enough for building purposes ; but it is used in

cabinet-making, and in the manufacture of a number of small articles
;

it is close, even, and pliant, but does not take a good poUsh. Some of

the roots yield curiously-veined pieces, eagerly sought after for orna-

mental purposes. The smaller branches and twigs of the hazel are

more useful than the main trunk, on account of their toughness and
flexibility ; they are largely employed for crates, hurdles, props, wattles,

walking-sticks, fishing-rods, whip-handles, ties for faggota, springes for

birds, thatch-fastenings, &c. Evelyn, among other mention of the uses

of this tree, said :
" The use of the hazel is for poles, spars, hoops, forks,

angling-rods, faggots, cudgels, coals [charcoal], and spryngea to catch

birds ; and it makes one of the best coals, once used for gimpowder,
being very fine and light, till they found alder to be more fit. There
is no wood which purifies wine sooner than the chips of hazel. Also,

for withes and bands; upon which, I remember, Pliny thinks it a

pretty speculation that a wood should be stronger to bind withal,

being bruised and divided, than when whole and entire." Hazel-roils,

cut of equal size and varnished, form good materials for rustic garden-

seats and flower-baskets ; and many ornamental devices may be pro-

duced by using some peeled, and the rest unpeeled. A laborious but
uncommendable attempt has been made to produce a kind of mosaic -

picture, by interlacing difierently-coloured hazel-rods.

A peculiar abuse, rather than a use, of the hazel, is described under
DrvisiNO-RoD. The old herbalists, too, had singular notions about
this plant, which modem medicine has by no means confirmed.

HEAD, INJUIUES OF THE. Prom the many peciUiar and im-
portant features which they present, injuries of the head have properly
received a separate consideration in aU systems of surgery. For not
only is the brain so essential to life that even its least injury must
be regarded as serious, but the parts around and guarding it have many
peculiarities. The skull, composed of two thin layers of bone, much
exposed to extem.il violence, and protected from it by only slight

coverings, is extremely liable to fracture, and it is covered by a very
dense and tightly appUed membrane, the pericranium, of which the
injiunes and diseases exhibit all the peculiarities of those of other
fibrous membranes. By the free communications of its reasels with
those of the similar membrane (the dura mater) Uning the interior of

the skull, and less directly with those of the brain, disease is very
liable to spread from the pericranium to these more important parts

;

and it is itself covered by firm unyielding muscles and tendons, under
which disease is always prone to extend widely. The injuries of the
head are best considered as they affect the parts enclosing the brain or

the brain itself.

In mere bruises of the scalp two circumstances are worthy of notice.

A vessel of some size may be burst without the skin over it being
wounded, in which case a most copious efliision of blood takes place,

raising up the scalp from the skull, and producing rapid swelling of the
whole of the upper part of the head. It needs however no particular

treatment ; no incision should be made into it, for if cold wet cloths be
diligently applied, the blood will be again rapidly absorbed. If the
eflusion of blood from the bruise takes place between the pericranium
and the skull, the former is raised into a tumour, with sharp defined
edges, and yielding to pressure in a manner so similar to that of
fracture with depression of the skull, that the most experienced surgeon
might be deceived and induced to apply the trephine, but for the rule
that it should never be employed except in cases in which the brain
itself is implicated.

A common superficial wound of the scalp needs no particular treats

ment. It should be closed with sticking-plaster after the hair around
it has been shaved off, and it should be kept cool ; but to guard
against mischief to the adjacent parts, the patient should avoid all

stimuli, and all exertion of either body or mind, till it is completely well.
Not unfrequently a violent oblique blow will strip off a large flap of
the scalp so aa even to denude the bone. In cases of this kind, the
fttf,, after being carefully cleaned, should be accurately replaced : if

absolutely necessary, a suture may be inserted to ensure more exact
adaptation, and the rest should be closed by adhesive-plaster ; the head
around, being shaved, must be kept perfectly cool ; the patient must
b© placed on low diet, take aperient medicine, and remain quiet ; on
the first appearance of general excitement blood must be taken from
the arm, and by leeches applied round the wound ; under this treat-
ment many cases get well with almost singular rapidity; but if

irregularities be permitted, serious consequences may ensue even from
the slighter injuries.

ABT8 AWD SCI, DIV. VOt. IV.

One of the most common of these sequels of injuries of the scalp is

erysipelas of the head and face. It generally occurs in persons of an
unhealthy habit, in hard drinkers, and in the full and plethoric. It

commences about the third or fourth day after the injury ; the patient

begins to complain of headache and a feeling of general illness ; he has
a shivering fit, followed by nausea, thirst, and restlessness ; a quick
and hard pulse, and a thickly-coated tongue ; he cannot sleep, and is

perhaps slightly delirious. Soon after these symptoms have com-
menced the head and face feel very hot, and become red and swollen,

appearances which increase, and after a day or two are accompanied
with an eruption of small blisters, full of yellow fluid. There is no
pain on touching the parts ; but by the great swelling the eyes are

often closed, and the features almost obliterate<l. Active rwiucing

me>iaure^ should, aa a general rule, be early employed, and continued,

if the disease does not yield, as fan- as the patient's strength will

permit ; and purgatives, with small doses of mercury, should be given,

for the liver is very generally affected. After a period of from five to

eight days the inflammation in most cases subsides, the cuticle scales

off, and the wound, which had assumed an indolent unhealthy appear-

ance, acquires a vigorous aspect, and rapidly heals. But in some cases

the cellular tissue thus affected suppur<ates and sloughs, the scalp is

separated, and there is profuse discharge from the wound. One or two
incisions should in such aise be made into the sloughing part, to

admit of the free separation of the sloughs ; b\it even with this the

disease will sometimes spread and prove fatal.

Another affection which sometimes follows injuries (and especially

punctured wounds) of the external coverings of the skull is inflamma-

tion and consequent extensive suppuration in the loose tissue connect-

ing the tendon of the muscle covering the top of the head with the

pericranium. The general symptoms of fever are in these cases less

severe than in erysipelas ; the scalp is le.ss hot and swollen, but more
painful and very tender ; the face is never affected. After a few days

of general illness, a feeling indicating a collection of fluid may be per-

ceived over some part of the head ; and on making an opening into the

swelling which has formed there, a quantity of matter may be pressed

out of it from beneath a large portion of the scalp. When this affec-

tion is suspected to be coming on, leeches should be put on the head in

large numbers about the wound, and cold diligently applied ; but if

matter should form, one or more free incisions should be made through
the scalp to let it out, and the part afterwards treated like a common
abscess.

In cases in which the bone has been exposed, the same general and
local treatment should be employed. The scalp when replaced may at

once unite to the bone ; or if it do not, granulations may spring up
from the surface of the tx>ne and close the wound : in worse cases, the

outermost layer of the skull may die, and require a tedious process for

its exfoliation and heaUng ; in the worst, the whole thickness of the

skull may perish, and the dura mater be exposed. In all these cases

the mildest treatment is requisite, but as the disease is extremely
liable to spread to the interior of the skull, the general health should

be carefully watched, and if any indications of mischief arise, general

or local bleeding should be at once employed.
When the bone itself is injured, no active treatment should ever be

adopted, unless there are evident signs that the brain ia suffering from
compression or any injury that may be mitigated. These fractures of the
skull get well even more rapidly than those of other bone ; and in some
cases, especially in children, the skull may be forced in to some extent,

but when it does not produce any derangement of the functions of the
brain the injury will be repaired, and health perfectly restored. Cases

of fracture of the skull in which the brain is not at first injured may
be amongst either the most simple or the most dangerous in surgical

practice—for the least intemperance or irregularity committed within

some time after their reception may produce irreparable inflammation

of the brain or its membranes.
Injuries of the dura mater (the membrane lining the interior of the

skull) are of yet more importance, because they more immediately
affect the brain. The dura mitter is connected with the skull by a
tissue in which numerous vessels ramify, and these may be ruptured
by the jar from a blow which does not even break the skin. The blood
that flows from them, accumulating between the dura mater and the

skull, produces compression of the brain. The chief indication of this

very dangerous accident having occurred is that the patient, who for

some time after the blow had seemed only stunned, or had been even
quite sensible, gradually becomes dull, sleepy, comatose, .and at last

totally insensible, just like one suffering from apoplexy. These
symptoms supervene with' a rapidity corresponding to the size and
number of the vessels ruptured ; the most rapid are those in which, by
a blow on the side of the head, the main artery, supplying the dura
mater and upper part of the skuU, and which ascends just before the

ear, is wounded. The only hope in these cases is to bleed the patient

largely, to check the flow of blood in the head, and if that be not

evidently beneficial, to apply the trephine wherever it is most probable

that the blood may be found and removed. It must be confessed,

however, that there is little prospect of doing good by trephining in

these cases ; it is seldom possible to decide at what part of the skull

the blood is effiised, or whether it may not be between the dura miiter

and the brain, or even in that organ itself. The symptoms in each

case are the same, but the mechanical removal of the blood is possible

s s
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oqIt trhrn the blood U immediately beneath the upper porta of the

Init«ad of blood, purulent matter may collect between the dura
mater and akull, and produce equally fatal reaulta. This is indicated
by the patient (uauallr aome conaiderable time after the accident)

complaining of headache, reatlameM, and extreme languor ; lie ban
frequent irregular shiveringi, hi* pulae ia ijuiok and hard, and he
cannot aleep : if unrelieved by treatment, all theae symptonu increaae,

and are ahortly followed by delirium, convulaiona, inaenmbility, or
mralyaii, which are no diatant precuraora of death. Early after their

nmt appearance, a puffy, soft, but not very hot nor paiuful tumour,
forms over the part struck. If this be o|iened, the pericranium will

be found detached for aome extent from the Hkull, wliich when exposed
is seen to be dead, of a dull yellow colour, and covered by purulent

fluid. In this case it may be expected that the dura mater is separated
from the Interior of the skull to the same extent that the pericranium
is from its exterior, and the only hope of relieving the patient is to

perforate the dead portion of bone with the trephine, and let out the
matter collected between it and the dura mater, and which compressed
the brain.

The brain itself may suffer injury either from blood effused in it by
rupture of its vessels, from compression by fractured portions of bone
bemg forced down upon it, from wounds, from concussion, or from
inflammation, and its various effects following any of theae injuries.

The first need not here be particularly treated of ; it does not differ in

its symptoms from the cases of common apoplexy with effusion of

blood [Apoplexy], and admits of no mechanical treatment. The
second class comprehends the most important injuries of the head

;

those of "fracture with depression," as they are called, and those
which occasionally happen in ohildr«n, in which the skull is indented
without being broken. The symptoms of such an injury are insen-

sibility, generally in direct proiiortion to the degree of pressure ; the
breathiag is slow, laboured, and snoring, and at every expiration the
cheeks are puffed out and elevated ; the pulse is slow and irregular

;

the pupil widely dilated and insensible to light ; the patient neither
feels nor moves, and lies as if in a fatal state of apoplexy. The i>art

struck may of course present most varied characters : it may be tlarred

from the centre of the blow, so as to have a shallow conical depression

;

It may be fissured, and one edge have passed under the other ; or it

and the scalp may be broken up confusedly, and the brain be pro-

truding through the openings in them. It is worth remembering that
the inner part of the skull may, in consequence of its brittleness, be
much more widely fractured than the external, so that the degree of

pressure on the urain is not always indicated by the depth of the
indentation felt in the scalp. If unrelieved by treatment, the patient
from the time of the accident grows more and more insensible ; his

pulse becomes more irregular, and he rapidly dies. The evident and
mdeed the only mode of affording relief is to remove the pressure from
the brain, by exposing the fractured part of the skull by enlarging the
wound in the scalp, or making a fresh one, and taking away or

elevating all the portions of bone that are depressed. The mode of

doing this will be determined in each case by the form of the fracture

and other circimistances ; in some it may be sufilcient to remove the
loose pieces with forceps ; in others, to saw off portions with a Hey's
saw, or to apply the trephine and raise the other depressed parts to
their proper level with an elevator. These prooeodings however must
of course be limited to the cases in which the fracture is in it part
within view ; when it extends across the base of the skull no mecha-
nical means are applicable, and recovery is therefore extremely rare.

Such cases, and all others in which compression cannot be mechanically
relieved, can only be treated like common apoplexy, by bleeding the
patient, by cold sedulously appUe<l, and by rigorous reducing measures.
The after-treatment of cases in which the trephine or analogous means
have been used is nearly the same as in wounds of the skull and soft

parts ; the edges should be brought gently together, and slight pressure
employed to support the diini mater where it is exposed by the
aperture in the scull : and the other usual precautionary and curative
meaaures, as cold, local bleeding, kc., rseorted to.

The immediate consequences of wounds of the brain vary greatly,

and indeed unaccountably : in some cases a very slight injury is

rapidly fatal, as in those (of which many are now recorded) in which a
pointed Instrument has passed in through the orbit, and produced
almoai instant death ; whilst in others severe and extensive injuries,

as from gun-shots, have been followed by serious symptoms at only a
lata period from their reception. In most of the eases where the dura
mater is perforated, whether by wound or by ulceration, the wounded
or axpoaed brain protrudes tLcough the aperture in the form of a
darkiah dirtr-looking fungous mass, called " Hernia Cerebri." Its

surface discharges purulent matter abundantly, and often bleeds
slightlpr : prewure on it, as on the brain itself, producer immediate
insensibility ; but the whole maa may be eut off without producing
any pain or ill conaequenoea. Thia is indeed the best treatment of it.

If after having protruded to some distance it shows no disposition to

decrease or to slough, it should be cut down to the level of the skull,

and gentle pressure by compresses covered with the mildctt ointment
applied, 10 a* to compensate, if possible, for the deficiency in the dura
mater. Should the maas again sprout forth, the same treatment may
he repeated. In a few oasea the growth is checked, and the brain

produces healthy granulations, which unite to the surrotmding parts

and dels over ; In others the fungous mass aloughs and the remaining
parts heal ; but in the large majority the exposure of the brain and Its

irritation by surrounding parte produce such continued inflammation
of it as proves fatal.

The bat injury of the brain that needs paitioular notice is that
called concussion or commotion. The exact nature of it is totally

unknown ; the name indicates only that which has been suppoeed^
namely, a shaking or general disturbance of the minute parts of the
brain. In its slightest degree it is merely a stunning, from which
perfect recovery take* place in a few miniit<>!i ; in its most severe, it is

rapidly fital ; but even in these, :i in examination discovers

no alteration whatever in the stni brain. One of the most
interesting points in surgcrj- is tU.- iii.ihii.im» of concussion from com-
pression of the brain. Ah tlio Intt<>r seldom occurs without the former
(for of course a blow which would fracture or indent the skull would
violently shake the brain), compression has the symptoms of con-

cussion, with the addition of some of the moet severe which we have
already mentioned. In concussion the patient is insensible only to

slight impressions, for if he bo loudly called to, he will wake up,
answer a wortl or two, |K>rhaps even rationally, and then relapse into

the same state. If he be severely i>iiiched or otherwise irritated he
will withdraw the part so injured : lie occasionally moves his limbs;
he appears, in short, as if in a sound heavy sleep, like that of a drunken
man. The breathing is not stertorous, but generally quite natural

;

the pupil is contracted and irritable ; the pulse is sometimes unaffected,

but in severe cases small and weak ; there is nausea or vomiting, and
the extremities feel cold. If the case is about to terminate fatally, the
whole bcxly grows rapidly cold, the pulse becomes irr^ular and weaker,
the breathing short and interrupted, and the inaensibility increases.

In treating cases of concussion much caution is needed : it has not
appeared that bleeding, which is the remedy popularly expected for all

such accidents, has at all diminished ito primary symptoms, nor has
the contrary treatment by stimulants been more successful. The
patient, while suffering from the immediate stunning consequences of

the blow, should merely be kept quite worm in bed, and carefully

watched ; if the puUe grow weaker, the extremities colder, and the

other symptoms of sinking seem increasing, stimulant* are first called

for, and should be given till he is completely roused to his former
state ; but if, instead of being depressed, he remain stationary, no
active means of any kind should be employed. Cases are not rare in

which, after remaining in a nearly insensible state, as if in a sound
sleep, for four, six, or eight weeks, with only very slight temporary
alterations, the patient wakes, complaining of but little inconvenience,

and rapidly recovers. If instead of waking nearly well, he is observed
to grow restless, to seem suffering from headache, or should he be
delirious or convulsed—if his pulse becomes quick and hard, and his

eyes are hurt by strong light—he has in all probability inflammation

of the brain, which ia the most frequent consequence of concussion,

and must be at once met by the active depleting and reducing

measures necessary for its cure, from whatever cause it may arise. In
some cases the symptoms of concussion gradually change into thoee

of oomprcssion, which may then be suspected to arise from effusion of

blood into or on the brain, as in the cases already mentioned.

The account here given is only a sketch of the most prominent and
constant symptoms, progress, and treatment of the effects of injuria*

of the head. There are other symptoms that occur occasionally, and
as it were accidentally, which it is necessary briefly to advert to.

Furious delirium, lasting for some days and requiring active depletion,

sometimes immediately follows concussion ; violent convulsions also

ensue, either on slight compression or on concussion
;

paralysis or

hemiplegia is not unfrequently produced directly by compression, and
they still more commonly occur as its sequels. Loss of memory,
sometimes moot singularly limited to particiflar classes of events or

things; impairment of individual sensations, and various forms of

insanity, are all the occasional consequences of theHe injuries, or of the

inflammation and disorganisation of the hnun which follow them, and
to the prevention or cure of which the chief attention is, in the

majority of cases, to be directed.

HKADBOROUOH. [Constable.]
HEALTH. IPi'BLic Health.]
HEARING TRUMPET. [Eab-Trdupbi ; Spiakwo-Tbcmpet.]
HEARSAY. [EviDE-wE.]
HEART, DISEASES OF THE. The heart, like the other viaoers.

is concealed from the eye, hence little knowledge of its healthy or

diseased conditions cm,be obtained by mere inspection. Even the

touch fails to ascertain much, ou account of the bony case in which it

is enclosed. Its impuliw may, however, be detected by grasping the

chest with the hand. The arterial pulse may be also felt by the fmger,

but these mean* of examination give but Uttle Information of the

nature of disMsils of the heart, compared with the use of the ear.

Disease of the heart can be detected both by the aid of auscultation

and percussion.

When the ear is applied to the left side of the chest, either directly

or with the aid of tne stethoscope, two sounds are heard, called the

first and second sounds of the heart. [Hbaut, in Nat. Hist. Div.]

The two sounds differ from each other, and the period of silence

between the two snunds nlxo differs. The first sound is longer than the
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secoud, and the two have been compared to the syllables liqip and

dupp. It is heard most distinctly below and outside the left nipple,

and with the systole of the ventricles, and on these accounts is called

the si/aiotic or inferior sound. The second sound is heard above and

inside the left nipple, and is called the superior sound. It occurs with

the diastole of the ventricles, and is called the diastolic sound.

The pause between these two sounds differs in the length of time it

occupies : after the first sound and before the second it is shorter than

between the second and the first.

These sounds present different characters in different individuals in

health, and even in the same individuals at different times. They,

however, indicate disease when they are permanently alteretl from
their normal character. Thus they may be lower or higher, clearer

or duller, muffled, rough, regular, irregular, intermittent, increased

or decreased in number. Their quality may be altered, and they

may be accompanied by friction sounds from disease of the peri-

cardium, or murmurs may ensue from disease of the valves, as bellows,

grating, filing, rasping, cooing, or whistling murmurs. There is also a

relation betw^een the sounds of the heart and the pulse. The first

sound in health anticipates very shortly, but still very distinctly, the

pulse at the wrist, hence any prolongation of this period is indicative

of some obstruction to the course of the blood.

A knowledge of the nature and causes of the murmurs and abnormal
sounds produced in the heart is essential to a correct diagnosis of

diseases of the heart. These murmurs or morbid sounds may arise from
disease within the heart, when they are called endocardiul ; or between
the heart and its lining membrane, the pericardium, when they are called

exocardial. The two classes of murmurs may co-exist. The endo-

cardial murmurs arise either from an imnatural contraction or an
unnatural widening of the orifices between the vessels and cavities of

the heart. They may also arise from states of the blood. When
caused by the latter they are called functional or inorijanic, but when
from the former organic. The exocardkl murmurs arise from the
roughening of the surfaces of the heart and pericardiinn.

Each of the orifices of the heart may be the seat of two different

kinds of murmurs, the one constrictive, the other regurgitant ; the one

occurring with the current of the blood, the other ar/ainst the current.

In this way eight different kinds of mimnurs are recognised. It should,

however, be remeral>ered tliat the murmurs on the left side more fre-

quently occur than murmurs on the right side. The following account
of these murmurs, given in the order of their frequency, will give an
idea of their character and the means of distinguishing them.

1. Mitral regurgitant murmur.—Thi.i arises from inefficiency of the

mitral valve by changes in its structure, roughness at its edges, fi'om

vegetations shortening of the rliordie lendlnete, or fibriniuus clots

entangled in them. It is a systolic murmur, and is heard best imme-
diately above or to the outside of the left aiiex. It is faintly or

wholly inaudible at the right apex. It is generally permanent.

2. The Aortic constrictire murmur is the next most fre<iucnt abnor-

mal sound in diseases of the heart. It indicates a rough coastriction

of the aortic orifice. It is a systoMc murmur, and is heard best at

mid-sternum opposite the interspace, between the third and fourth ribs,

or the upper part of the fourth rib. It has a high pitch, and is a

harsh, loud, and prolonged murmur.
3. Aortic regurgitant murmur.—It differs from tlie last in being heard

almost as distinctly at the ensiform cartilage as at the third costal

interspace. It is a diastolic murmur, and is of a blowing or hissing

character.

4. ifitral conttriclirc murmur.—It is diastolic, and heard best

immediately above and about the left apex.

6. Tricuipid regurgitant murmur.— It is due to regurgitation, or to

the collision of the blood amongst the chnrdte tendinetv. ill is a systolic

murmur, and is heard best immediately above or at the ensiform

cartilage. It is iuaudlble, or ne-irly so, at the left aj)ex. It originates

in the right ventricle, and is gcnci-ally a soft mui-mur of low pitch. It

is a rare miu-mur, and may be often undiscovered when accompimied
by a powerful mitral munnur.

6. Pubwjnarij conttrictire murmur.— It indicates roughness, or ob-

struction from pressure in the pulmonary orifice. It is a systolic

munnur, and is heard best at the sternal edge of the third left cartilage.

It is rarely heard.

7. Pulmonary re;,7irgllant murmur.—This indication of insufficiency

of the pulmonary valves is very rare.

8. Tricuspid constrictive munnur.—It is the rarest of murmurs, is

diastolic, and when heard is found at the ensiform cartilage.

The exocardial ipurmurs are prwluced by the rubbing of the surface
of the pericardum against the heart, when these svirfaces are
roughened by the effusion of fibrino from inflammatory disease. They
are more or less ro\igh according to circumstances, and may entirely

cease by the effusion of serum or fluid between the pericardium and
the heart.

Percussion may be employed in distinguishing enlargement of the
heart. It is employed either mediately or directly. [Pebcdsbion.]
In the normal condition of the thorax, the situation of the heart is

easily distinguishes! by the dull sound given otit on percussion. When
this dull sound extends unnaturally in any direction over the region

of the heart it is indicative of an enlargement of tliat organ, a condition

which will be made evident by (;ther signs of disease.

In giving some account of the disorders to which the heart is liable,

it would perhaps be best to arrange them according to their causes
;

but as it is much easier to obtain a knowledge of the structure of this

organ than of the - remote causes of its several diseases, we shall here

enumerate and describe, first, those lesions wliich occur in its investing

membrane ; secondly, those which affect it as a whole ; and thudly,

those met with in its internal membranes. Those who desire to be

further acquainted with this subject are referred to the works of

MM. Corvisart, Laennec, Cruveilhier, Bouillaud, Bertin, and Drs.

Elliotson, Hope, Watson, Latham, Taylor, Walshe, Williams, Billing,

and Aitken.

I. Diseases of the Investing Membrane of the Heart.

Pericarditis, Infimiimation of the Pericardium, resembles much, in

its pathological conditions, inflammation of other serous membranes,
and is induced by similar causes, as exposure to damp and cold. It of

course presents peculiar symptoms, arising from the situation aud
nature of the individual organ : thus the patient will complain of ten-

derness over the region of the heart, amounting, when pressure is

made, to acute lancinating pain, which prevent.'? him from lying on the

left side, and is much increa-sed by drawing deep inspirations or cough-

ing,—this latter symptom frequently depending on the pleura being
involved in the inflammatory attack. This pain, however, is not

always so severe ; frequently only a sense of oppression is felt. The
pulsations of the heart are frequent, sometimes regular, but at other

times intermittent, and so strong as to constitute palpitations ; but
still, if much efiiision has taken place into the pericardium, the hand
when applied to the chest will have dilficidty in percei\'ing them. The
prsecordial portion of the thorax is often bulged out by the forcible

action of the heart and the quantity of fluid effused into the cavity of

the pericardium. This effusion varies much in quantity and con-

sistence at different periods of the disease : thus, in many cases, only a

little bloody serum will be found ; in others, pus in large quantities,

coagulated lymph, bands of fibrinous matter uniting the two layers of

the serous membrane, and even cartilaginous or osseous deposits. The
dull sound discovered by percussion in the pnccordial region of a person
in health is always, in this disease, increased in proportion to the quan-
tity of fluid in the pericardium. In proportion as this fluid becomes
organised sounds will be heard by the application of the stethoscope,

and often of the unassisted ear, varying in their nature according to

the state of the organising process, and resembling at one time the
creaking of new leather, at another the rubbing together of paper or

parchment, the noise made by a file, &c. Other sounds also are

frequently heard, which depend upon endocardial disease. Although
at the commencement of the disease the patient may have symptoms
of acuta inflammation, the accompanying fever having a type suffi-

ciently tonic, this state does not endure long; the effusions into the
{lericardium hinder the heart's action ; the free jjassage of the blood
through its cavities becomes further impeded by various internal parts

of the organ sharing in the inflammation; and, the circulation being no
longer vigorously and equally carried on, a crowd of distres.sing sym-
ptoms, such as inability to sleep, startings, faintness, shortness of breath
amounting to suffocation, dropsies, &c., render life almost insupport-

able, and, if not speedily relieved, soon put an end to existence. This
disease mostly accompanies acute rheumatism, particularly of the
joints ; and patients, when apixirently recovering from acute rheuma-
tism, are sometimes suddenly attacked and carried off by inflivmrnatiun

of the pericardium.

The serious nature of this disease, and the rapidity of its progress,

demand, apparently, prompt antiphlogistic treatment ; but, on the
contrary, some physicians exhibit tonic medicines. Dr. Watson says,
" In a large proportion of cases, whether they be treated well or ill, or

not treated at ivll, the patients will seem to recover."

The great guide to treatment is the pressure of the symptoms. At
the commencement of the disease, if there is dyapnoja and tumultuous
action of the heart, Meeding will immediately relieve. Towards the
termination of the disease such symptoms are relieved by wine aud
stimulants; otherwise the general treatment for rheumatism is admis-
sible in cases of pericarditis.

II. Diseases of the Heart itself.

Carditis ; Inflammation of the Heart.—The proper muscular structure

of the heart is not free from the attacks of inflammation, though
whether the morbid action commences in this structure, or in the
membranes, is difficult to determine. This, however, is certiin, that

when inflammation of the muscular structure exists, there will also bu
found traces of it in the pericardium, or in the lining membrane of the
heart, or in both ; and wo cannot point out symptoms which distin-

guish the one from those of the other disease : the treatment con-
sequently, will be similar in both.

l/i/pertriiphy of the Heart.—Independently of any morbid ))rooe6s

existing in itself, the muscular .rtructuie of the heart is often greatly
increased in bulk, as if the nutritive process wore too active in pro-

portion to the absorbent, and new matter were deposited more rapidly

than the old could be removed. From the peculiar nature of the
functions of the heart, this disease becomes very im|)ortant, and its

effects not less dangerous than manifold. It is usually divided into

three kinds ; namely, simple hypertrophy, the least common, in which
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tb« {lariataa arc thjckenod without any clung« of capacity in the cavity

;

exoantrie or anourianal bypertruphy, the fonn moat frequently mot
with, in which the nrietoi are thickened and the inoloaed cavi^ or
oaTitiea proportionaUy enlarged; and concentric hypertrophy, where
the cavity is diminiihed in proportion to the thinkneeii of the parietea.

Anf one of theae kind* of hypertrc^y may affisct the parietea of either

can^ of the lieart, or of the whole origan. Hie extent to which this

incrnae of aiia may proceed ia eDormou*; hoaru have been found
weighing upward* of twenty quncea, whereas the average wei^t of a
healthy heart ia tram aevan to nine ounoea. In hypertrophy, the
shape of the heart is alao much altered, the transverse often exceeding
the vertical diameter; bat theae changes must depend u^mn whether
the iriiola o«;gan, or only a part, be implicated in the di»«a«w The
ehaat ia often b«ilged out towards the loft aide, the sound produced by
pereoarion more dull than in the healthy state, and the pulsations

very strong ; indeed, the bednJothes are often visibly raised, and the
head or hand of the observer when applied to the chest forcibly

repulsed, yet the pulsations are for the moet part regular, unless palpi-

tations be induced by over-exertion. The sounds perceived by auscul-

tation will be found very loud, but not otherwise unnatural, if the
diawssn be not combined with some obstruction to the passage of the
blood ; and unless some obstruction exists, the functions of other organs
will not be much deranged, provided that thu hypertrophy be not of

great extent ; but it seldom does exist to considerable*extent without
the simultaneous occurrence of some impediment to the passage of the
blood, already circulating with extraordinary force.

The accidents referrible to hypertrophy of the left ventricle of the
heart are apoplexy and btcmorrbages ; it will also contribute to the
production of aneurism of the aorta. It frequently happens that the
rupture of vessels in the brain by the too forcible expuUiun of blood
from an hypertrophied left ventricle is materially facilitated by an
earthy or caseous state of the coats of those vessels. When the right

ventricle, being hypertrophied, sends its blood too forcibly through
the lungs, there will 1:>e a disposition to congestion of those organs.

These effects will be combined vhea the whole heart is hyperim-
phied.

This is a disease in which great perseverance is required on the part
of the patient and the practitioner, but with proper care it fre()uently

admits of much alleviation. Rest, abstinence, sedative medicines, and
more or less depletion, according to the circumstances of the case, are

the most efficacious plan of treatment.
A trophy of the Heart is a wasting of the heart's structure, dependent

on deficiency of the nutritive process. This disease is the reverse of

hypertrophy, and, like it, may affect the whole organ or only parts of

it ; its extent is often such that the heart does not exhibit more than
half its ordinary weight. Like hypertrophy, it has been divided into

simple atrophy, when the walls of one or more cavities are thinned
without any change of capacity in the cavity itself; excentric or
aneurismal atrophy, when the enlargement of the cavity keeps pace
with the thinness of the walla ; and concentric atrophy, where the
cavity is diminiKlied, but the walls maintain their luiual thickness.

This state of the heart is usually accompanied by general emaciation,

and the pulsations and sounds of the orran will be found feeble in

proportion to the extent of the atrophy. In concentric atrophy, how-
ever, the pulse will be firm and resistant, though small, whilst in the

exoentric form of the disease it will be projwrtionally soft, feeble, and
lam.
Whehen the heart is examined after death from atrophy, it is found

that its tissues have undergone a change which has been called " fatty

degeneration." The muscular fibre, instead of presenting the striped

character found in health, loses the striiies, and presents a homogeneous
appearance. In the interior of the tibrillte will bo found also fat

globules, and the central portion of the muscle-cells, consisting natu-

rally of fibrins, ia converted into adipocire or cholctteriuc. It is in

this state of the heart that rupture of its membranes so frequently

oocun. (Quain, ' Fatty Diseases of the Heart.')

In atrophy the powers of the patient ore all below par, and the
proper treatment will be to support the system by wholesome, gene-

rous, but unexciting diet, and a salubrious atmosphere. Medicines,

as quinine and iron, may be prescribed as auxiliaries, when any
additional sym|>tums appear indicating obstruction to the nutritive

functions,

DUaUUum of the Heart.—It haa been shown that the heart may be
increaaed or diminished in substance, or, in other wonhi, may be
hypertrophied or atrophied ; it is also found that the whole otgan, or

eitlier of its cavities singly, or the orifices of theae cavities, may be
dilated, the solid parietes being merely extended, without any increase

of sabstanoe, and the contained cavities piojmrtiuually enlarged. As
in hypertrophy, so in this disease, according to its extent, the sliapo of

the heart will be much changed. The muscular parietes being thinned
and feeble, the circulation of the blood will not be carried on witli

rigour, and the patient will be weak and unfit for exertion, easily

exluusted by small leases of blood, and sometimes carried off by what
nnder ordinary drcumstaooes would be deemed a trifling lucmorrboge.
Partial dilatations somatimsa occur after carditis ; the muscular struc-

ture being thinned at some n>ot by ulceration, the parietes give way,
and fbnn a dilated aneurismal pouch. This diseaae, though it doubt-
Ian doea sometinie* occur in penons of relaxed muaeular fibre without

any pre-existing impediment to the circulation, ia most frequently the
conaequence of some olistniction to the free passage of the blood from
the dilated cavity, and ia the natural elibct of distension from withia.

It however nut unfrequently happens, that when the obstructioD

occurs at the orifice situated between the ventricle and artery tha
corresponding auricle will be the cavity dilated, its parietea being so

much leas strong than those of the ventricle. When the orifice of

uther of the cavities of the heart is dilated to such extent as to pre-

clude its -proper closure by the valvea, a reflux of blood will be the
result, causing the anormal bellows sound, and a sensation of purring,

or of vibration such as would be produced by putting a chord in

motion ; and should this defective closure exist in the right auriculo-

Tentricular opening, it will give rise to a fluctuating motion in the

jugular vein, called " venous pulse." Excessive exertions and strong

paasions seem to be exciting causes of this diseaae, and from the in-

fluence of these causes the patient should be sedulously guarded, and
at the same time every remedy must be adopted which may contribute

to equalise the circuUtion.

The preceding diseases are most frequently the result of disease of

the lining nieuibrane of the heart, and ore often occuiupauied by the
signs of valvular derangement.

IIL Diiecuea of the InUmal Membnnut,

Endoeardilit ; Inflamination of the interior lining mtmbrane of the

Heart.—The symptoms of endocarditis are more or less fever and
anxiety ; some bulging of the pra.<cordial region, if accompanied by
pericarditis ; an extension of the dull eouud heard on percussion in the
healthy state ; the pulsations of the heart unusually strong, and some-
times very rapid and intermittent, repulsing the hand when applied to

the chest, and producing a {leculiar vibratory sensation. Upon auscul-

tation the bellows sound will be heard, masking one or both of the
normal sounds, and sometimes, during the ventricular contraction, a
meUllic tingling is heard, resembling the sound produced by dropping
sand into a bell of metoL The pulse as felt at the WTist will not

always accord with the beatings of the heart ; often whilst the latter

are very forcible, the former will be found small and weak, and some-
times less frequent : this indicates some obstruction to the free passage
of the blood from the heart, notwithstanding the forcible contractions

of that organ to propel it, and the patient will exhibit symptoms of

much distress, us great anxiety of countenance, restless toasings of the

body, dozzlings of the sight, and faintings ; if the ybstruotions in the

right side of the heart are extensive, as they often are from fibrinous

concretions, thickenings, and other morbid growths of the valves, the

venous circulation will be affected, as indicated by the livid bloated

state of the countenance, and serous effusions into the extremities

;

various apoplectic symptoms seem to be sometimes induced by the same
cause. The breathing is not affected generally beyond a sense of oppres-

sion, unless a considerable impediment is experienced by the circulation,

but then the distress and restlessness of the sufferer is often extreme,

accomjianied by an inability to lie don'n, and a state of alarm and
wandering amounting almost to delirium.

The causes of this serious malady are similar to the causes of peri-

carditis, and the treatment should be conducted on the same principles.

It frequently arises in the course of an attack of rheumatism, and may
or may not be accompanied by pericarditis.

Valvular ditease of the Heart.—Upon examination after death from
endocarditis, there will often be foimd, larticuLirly in the right

cavities of the heart, and entangled in the muscular fibres, clota or

concretions of fibrinous matter, which are not only caused by stagna-

tion of the blood at the time of death, but also by inflammation of the
internal lining membrane. This membrane is ahK> often thickened,

especially at tlie valves ; and after repeated attacks, or a long chronic

attack of endocarditis, the valves will not merely be thickened, but will

become the seat of a variety of warty excrescences, or even cartilagi-

nous and osseous formations of considerable wm, extending into the

cavities of the heart. This ossification is most frequently met with in

old persons, and especially those who have been addicted to a too

generous mode of living. The morbid sounds produced by these

obstructions at the various orifices will resemble those of the bellows,

file, or saw, according to the degree of obstruction ; and sometimes a

triple or quadruple sound will be ]>erceive<l instead of the two normal
sounds. The effects of these obstructions will bo sanguineous and
serous oongestions, uppressions of the breath, apoplectic seizures, and
other symptoms of embarrassed cireiilation.

The treatment of such cases must dei>end on the nature of the
symptoms present. Where anasarca is present, tlie water may be got

rid of by rest and by acting on the bowels and kidneys. Asthma is

frequently the result of valvular discise of the heart, and remedies

must be applied to facilitate the pa«s.ige of the blood through the

obstructed limgs. Ha:morrliage from the lungs and extravasation of

blood arc produced by disease of the hctrt. Congestion of the brain

and apoplexy are also the result of disease of the heart, and it is of

the greatest consequence to detect the cause of these attacks in the

state of the heart, and adopt treatment accordingly.

A'tnuut DiieaM4 of the Heart.—The last cUss of diseases affecting

the heart which remains to be noticed differs from all the preceding in

not |irosenting any organic changes. They are met with chiefly in

women suffering from antemia, onlorosis, hysteria, and other nervous
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symptoms ; and in men in whom a naturally nervous temperament has

been rendered more irritable by the too free use of stimuli or by
depressing passions. In these cases strong pulsations of the heart are

experienced, increased by exertion to such an extent as to produce

palpitations, a sense of faintness, and shortness of breath amounting to

suflbcation. Sometimes a loud bellows sound is heard at the heart,

and in patients labouring under ansemia and chlorosis this is frequently

accompanied by a noise like snoring, heard chiefly in the carotid and
crural arteries. In allthese cases great attention should be paid to the

general health : in the cases of anajmia and hysteria, iron medicines

and the shower-bath will be of the greatest service ; and, as far as

possible, sources of anxiety should be removed. The morbid sounds

will all disappear as the mind and body of the patient are restored to

their healthy condition, but it must be borne in mind that the heart

is essentially a muscular organ, and by severe exercise it may be
increased in bulk like other muscles ; consequently if these nervous

states which give rise to so much action of the heart be not removed,

they may in process of time lay the foundation for more permanent
and serious disease.

Walf'jrmation of the Heart.—Cases of permanent malformation of

the heart are few. The only one demanding attention here is the

permanent /oramere ovale. [Cyanosis.]
HEAT. This great natural agent, which is universally difftised,

becomes sensible to us in the first instance by our bodily sensations,

but we find afterwards its effects in the various changes which it is

capable of producing on all subetances. Expansion, fusion, evapora-

tion, thermo-electric currents, and various physiological phenomena,
are effects of heat, or at least accompany its absorption.

Every existing substance may be regarded as a source of heat. In
this respect the sim is the most important natural source which our
system poesessee, its heat when condensed in the focus of a lens being

exceedingly intense. When concentrated by a number of powerful

lenses on one scale of a balance of extreme sensibility, no derangement
of equiUbrium ensues ; as far therefore as experiment can inform us it

is imponderable, and the increase or diminution of heat in any body is

therefore unaccompanied by any alteration of weight.

Heat may be produced artificially by any means which propagate
agitations internally in bodies ; hence friction, percutifionf sudden con-

demotion, chemical combination, including combustion and respiration,

and electrical difcharr/o), are all proper to produce or rather to develope
heat. Pouillet has also shown that the act of moistening any dry sub-

stance produces a rise in temperature of from 4° to 2° in dry mineral
substances in powder, and from 2° to 10° or 11° in certain animal and
vegetable substances, such as cotton, hair, wool, jiaper, &c.

As to the nature of heat, whether it should be regarded as a sub-

stance or an accident, has been discussed from the time of Bacon to

the present day. Those who regard it as having a material existence,

mippoae that a subtle fluid, called calorie, capable of permeating the
densest substances, is imiversally diffused ; that its parts are mutually
repulsive, but are attracted by the material particles of bodies, and
hence they account for the expansions and contractions of bodies,

while the effects of radiant heat are explained on principles analogous
to those on which the imdulatory theory of light is founded.
Those who regard heat as only accidental to matter, rest their opinion

on Uie fact, that the artificial production of heat is accompanied by
vibratory motions in the material molecules of the heated substances.

The measure of the quantity of heat produced mechanically would on
this hypothesis have a <lirect connection with the sum of the vis viva

of the system of vibrating particles. Hence the communication of

heat by contact would be the same as the propagation of vibratory
motions from the sj'steui of particles composing the heated body to

that of the touching body. This hyi>othe8is is liable to a great objec-

tion ; for heat is propagated through a vacuum, and if even we suppose
all space filled with some fluid, in order to explain solar radiation, the
hypothesis loses its simplicity, and (lifters from the former principally

by its greater vagueness. It has l>een suggested by Brewster, that the
solar rays are nothing more than heated light, but this opinion is open
to several objections founded on the different laws by which heat and
light are transmitted and modified.

It is of greater advantage to study the properties of heat, and make
those properties the ground for its measurement and the calculation of
its effects, than to speculate on the nature of an agent intimately con-
nected, not only with light and electricity, but with the absolute
nature of the material molecules.

Heat radiates from all bodies in straight lines and in all directions,
and in the law of its emanation it resembles light, its intensity dimi-
nishing in the same proportion as the sine of the angle of emanation.
If we conceive two balls which are heated unequally to be enclosed by
a ^ncave surface which by any means is preserved at a uniform
temperature, the radiation of heat from the warmer ball, directed on
the colder, being more copious than the radiation from the latter on the
former, the temiwrature of the hotter will sink, and of the cooler rise,
in proportion to the difference of radiations, and this will continue
imtil the temperatures become permanent, in which case the ratliations
are necessarily e(|ual. In the same manner, when the different parts
of a room in which there are one or several sources of heat have
acquired a permanent temperature, that temperature for each part
will then be such that the heat which it emits by radiation must be

equal to the quantity absorbed, and which it has received by radiation

from all other parts of the room.
One consequence of the free radiation of heat in open space is, that

its intensity must vary inversely as the square of the distance from the
origin. Hence every portion of space has a determinate temperature
due to the amount of radiation, not only from the sun and fixed stars,

but also of the non-luminous bodies of each system. It seems however
difficult to conceive with Poisson, that in addition to such temperature
from heat emitted, it can have any temperature peculiar to its locality

;

in fact, that vacuum can possibly have any proper heat. *

But though the laws of the free emanation of heat and light are

similar, those of their transmission through substances are very
different. When a metallic body is but a little heated in a fire, we
have heat unaccompanied by sensible light ; and in the lunar rays the
light, though originally transmitted from the sim, anives at our
planet without any sensible heat, even when collected in the focus of a
burning-glass. Again, a plate of glass placed before a common fire will

intercept the heat until it becomes itself sufficiently heated to radiate.

When however the source of heat is more intense, a small portion will

be directly transmitted ; while for the solar rays we find the heattis

transmitted as well as the light. It is still more remarkable that

when the solar rays are decomposed by transmission through a glass

prism, the differently coloured rays of the spectrum have each a dif-

ferent intensity of heat, the least refrangible possessing the greatest

portion ; the greatest heat is found at the place occupied by the ex-

treme red rays, or even a little beyond them.
Not only may radiant heat be collected in a focus by refraction

through a lens, but also by reflexion from a polished concave mirror.

If we employ a pair of mirrors, and if a heated body be placed in the
focus of one, and a thermometer in the other, the reflected heat falling

on the bulb of the instrument will cause the mercury to rise ; and con-

versely, a colder body will make the column of mercury descend, for

the excess of radiation proceeds in this case from the thermometer.
Recent experiments on heat show that the analogy of the laws of heat

and light extends even to polarisation.

The experiments of Leslie have shown how greatly the quantity of

radiant heat may be affected by the state of surfaces from which it

finally emanates. The method adopted by Leslie for examining the
powers of radiation possessed by different substances was extremely
simple and ingenious. Having employed the system of two specula
above mentioned, he placed a tin canister filled with hot water in the
focus of one, and a differential thermometer [Thekmometeh] in the
other focus. The four sides of the tin canister were covered with the
substances of which he projiosed to seek the radiating powers ; when
three of the sides were re8j>ectively covered with lamp-black, paper, and
crown-glass, and then turned so as to nuliate directly on the speculum,
the heat reflected by the other speculum rai.sed the thermometer ac-

cordingly to 100°, 98°, and 90° ; but when the fourth side, which was
uncovered, was similarly directed, the thermometer fell 12°. Thus it

appears that polished metallic substances are bad radiators, which may
be attributed to the internal reflexion of the heat from their surfaces,

for the sources of radiation must evidently be at some small depth
l>elow the geometrical surfaces. A similar apiaratus served to measure
the absorptive power of different substances, by covering the bulb of

the thermometer as uniformly as possible with an envelope of the sub-
stance to be examined ; this power was thus found to be nearly in pro-
iiortion to that of radiation. The maximum effect of the reflected

heat was not however in the strict geometric focus, but, in consequence
of abeiTation, it was found to be a little beyond it. At a later period
Ritchie contrived a species of differential thermometer from which, by
direct exijeriment, he was enable<I to prove that the power of radiation

from any surface is exactly equal to that of absorjjtion at the same
surface. A hollow air-tight cyUnder of tin, having one half of its

exterior surface bright and the other covered with lamp-black, wa:!

fixed in a vertical position at each extremity of a bent glass tube con-
taining a coloured spirit ; and midway between these was placed a
vessel similar to the others, and like them coated on half its surface.

When the instrument was to be used, the middle vessel was filled with
boiling water ; then the bright side of one of the first-mentioned

cylinders being turned towards the coated side of that which con-

tained the water, while the coated side of the other was turned towards
the bright side of the latter, the rarefaction of the air within the
cylinders at the extremities of the tube, in consequence of the heat

absorbed by them, was proved to be equal by the coloured spirit

remaining stationary in the tube. (' Journal of the Royal Inst.,'

December, 1881.) It is evident, here, that if the quantity of heat

which radiated from the bright side of the middle cylinder were repre-

1
sented by—th of that which issued from the coated side ; the bright side

n
J

of the cylinder at one extremity of the tube absorbed -th of the

latter quantity while the coated side of the cylinder at the other

extremity absorbed all the former, that is, an equal quantity.

The power of radiating heat is certainly the most universal mode of

its ])ro|>agation between different particles of matter as well ;is through
considerable spaces. However, it is usual, for greater simplicity, to

designate this propagation through solid bodies as propagation of heat

by contact. Poisson has shown in his memoirs on that subject^tba^ the
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fmani oqiutiooa which exprta the Uw of the dutrilmtion of bvat in

olida Hm; ha derived from the intenul ndiatiuo of ihe purticlai wUicli

tompoee them. AiS'hichever uf tbsM two viewa ni«jr be wioptod, we
•re led to impurtMit phyiical dietinotioiu betweao diflereiit homoinueouii
•ubctaooa*, viz. their oonductiiig power* intenwlly and extcmuly. If

w* take two lubetMMMt, m a piece of metal and of wuoil, at the tune
tMBMntun aa indictted by the thennometer, when licM in the warm
band the metal will feel colder than the wood, the beat of the band
being more rapidly abaorbed by the metal, a» being the better cuHductur

of heat. Or if we (Joce the extremitiec of a rod of copper and of

gUaa in a fire, and bold with the hand* the other extremitiea, tl)e beat

will be found to aeocnd rapidly throuxb the n>etal and very aluwly

through the gbwa rod. Thou^ eucb plain obst)r>'ationa are sufficient

to give a general idea that bodiee conduct beat differently, yet, to

obtain exact mMsuremenbi of conducting powers, it wUl be uecesaary

to have a more preci«e idea, aiuce such power ia a constant ooeHicieut

belonging to every body iu particular, and without the knowledge of

which it would be impoaoible to compare the reeult of theory with

obeervatiou.

Ifewton remarked that, when two lubatancea of unequal tempera-

tune were placed in contact, the colder received from the other in a

S'veu small time a quantity of beat proportional to the difference of

eir temperatures. This simple law baa been found to be not strictly

correct, but is sufficiently so when the difference of temperatures is

inconoidenble. If ( t' represent the temperatures of two bodies of

the same physical nature placed iu contact, and if we leave out of

consideration the heat eac^ipg by radiation from their surfaces, the

quantity of heat communicated may, by Newton's law, be represented

by k {t— (') ; where the coefficient A is a constant peculiar to the given
substance, and is proportional to the interior conductibility.

If now we conceive the surface of the body to be of a uniform
temperature, and subject to a current of air also of a uniform but
inferior temperature T, the loos of heat by a unit of surface in a unit of
time indefinitely small will, by the same law, be represented by u
(I—t), where the coefficient n is proportional to the exterior con-
ductibility under such circunutonced.

The exterior conductibility may be very different in the same body
by slight alterations in the smoothness or even colour of the surface

;

it is by this antagonist principle.that heat acquires a permanent state

corresponding to the different positions of the parts of bodies relative

to the sources of heat and the dispersing surfaces.

The mathematical theory of the distribution of heat b founded on
the principle that when a body has arrived at a permanent state of
temperature the ijiiautity of beat given out by any particle to the
adjacent colder region must be eijual to tliat received from the warmer
particles near it, and conversely. For example, sui>pose a solid body
to be contained by two parallel planes of indefinite extent, the lower
plane being prcscrvc<l by any means at a uniform temperature repre-

sented by o,and the upper likewise preserved at a unifonii temperature.
In this case it ia easily seen that the temperature would )je uiiiiuiin in

any section of the body parallel to its bases, bu( would increase from
the lower plane in an arithmetical progression Ui the upper, for with
this law toe temperature of any point of the body taken in the
tiuuverse direction will differ by equal quantities from the temperatures
of any two points which are at equal distances, the one above and the
other below it ; hence the flux of heat from the warmer region to this

point is equal to tliot from this point to the colder. Tliougb there iu

therefore a constant flux of heat from the upper to the lower plane,

the distribution of heat has then acquired a permanency.
In the a)>ove instance we have had no regard to the external con-

ductibility through the sides by supposing the planes of indefinite

extent. A simple instance will now be adduced in which we can show
the manner in which this consideration may be introduced into the
calculus.

Suppose a thin cylindrical rod to be placed in a medium of which
the temperature is constantly zero, while its extremities ore maintained
at constant but different temperatures. In thid case the distribution of

bmt will follow, at equal distances along the rod, a geometrical
progression, increasing from the colder extremity to the hotter; for on
this suppositton the beat which would be retained by any seotion in
consaqiwnoe of the unequal differences of its temperature with those
of sections stmilsrly placed above and below it, if there were no
rMliation, will be exactly lost by the extsnul means of conduction, for

it is a property of ths terms of a gsomstrical progrsasion that the
seoond diffaranoas are proportional to the terms tumaalvaa ; tha hsst
which would be retained is pro|x>rtional to this Mcond difference, and
tha hsst extamally emitterl is pro|H>rtioual to the temperature itself.

Thus this law, which rrmlerB the intcm.il gain of heat cqii.'U to its loss

astcmally, rspresuuts the law of its permanent distribution. Those
who are ooquainted with the calculus of partial diflferences may find
theaa prindplas applied, not only to the permanent distribution of

heat, but to the laws of cooling in bodies warmed from any sources,
and bounded by any surfaces, in the excellent work of Fourier
(Thimi€ tU Ciofnir), and in the memoirs of Poisson, Libri, and others.
The propagatico of beat in Uquids depends very little on any com-

munication by contact If we place a heated |iUte on the surlacs of
water in a vessel, but so as not to touch the edgts, a thermometer
plac<>d in the water will indicate little or no alteiation of tempan-

ture ; liquids ' re heated by tlie transposition of their

|iart*, or by c» it is called. Thus, if with a blowpipe we
appIjT heat t<< tii .n :,i uf a vessel cuntaiuiug water, in which are
Boating » ijj' 1-1:1 .11

I

iiiit l>'H of dust, a currant wUl be perceived of the
wanned liquul luiiK- ' • ''• -'• • ..i.;.i. <- •< 1.... 1-...11 applied,

and another descend

:

: 1 ^' liuatcd

in turn rise also ; iu 1

1

jiiighthe

whole Uquid, fur as the beat e«|>»uds the |«i Uulu* uf lii|uid which it

first meets, they become specifically lighter than the adjacent fluid,

and they must tlierefore oaceod by the laws of hydrostatios, while the

heavier take their places.

The experiments which have been mode to determine whether
liquids are conductors of beat, consist in introducing into a cylindrical

vessel half filled with the fluid whose conducting power was to lie

examined, a quantity of heated fluid of Jess specific gravity, all due
precautions being uwd to prevent the particles of the two fluids from
intermixing ; and it was constantly found that thermometers placed at

different depths in the former indicated a gnulual descent of caloric

from tbu upper to the lower surface. By such experiments Thomson,
Dalton, and othera, have found that, with equal volumes uf the fluids,

the conducting power of linseed oil is rather grrater than that of water,

and the conducting power of mercury about twice as great.

Little as is the conducting power of liquids, that of gases is probably

much less, if any ; but there would be great difficidty in establishing

this experimentally. The effect of heat on gases is to increase pro-

IHirtiomdly their elasticity, and this disturbing force pr ' - - lent

motions in their parts, so that the whole shortly acij >rm

temperature, when other forci's, such as gravity, ore u j.l.: luto

consideration, and when the bounding surfaces ore not essential ly sub-

jected to constant unequal temperatures.

These three modes of the proiiogatiou of heat exist iu our globe,

and are the cause of important pbcuomeua in the distribution of

climate.

First the great mass of the earth, considered in reference to its solid

parts, bos on external source of heat in radiation principally from the
sun. The maximum quantity of this heat is bestowed on the region

between the tropics, while the poles are at a temperature which, but
for the action of the sea and atmosphere, would probably be that of

space ; the internal heat of the earth would in a homogeneous sphere

be disti'ibuted symmetrically relative to its centre, diminisbing towards
the surface, which would lose heat by external radiation ; but the

external source of beat alluded to, by producing a dux from the eijuator

to the pules, forms a permanent comi>ensation for this radiation.

If wo suppose the moss of the earth to have been at any remote
period at a very high temperature, of which, besides its general form,
there ore many stiiking geological proofs, the effect of the radiation of

its heat through the colder surrounding space would lie to cool first

tlie KU|>oriicial strata, and successively, though in a less degree, tbu
internal strata, until a pennaiieut state was reacht>d, when the dimi-

nished nuliation would be exactly cumpeiuiaterl from external sources.

Hence, on descending below that comiiaratively shallow envelope affected

with diurnal or annual variations of temperature, we ought to find a
continually increasing temperature towards the centre, a result wliicli

has been verified in the mines in several countries in Kiirope. I'oisaon

deems these experiments inconoliisive, in consideration of the small

depth which we are enabled t<j penetrate ; for without assuming any
increase of beat towards the centre, the same superficial pliouonienon

would occur on the supposition that the whole solar system bail been

transferred into a region of space jKwsessiug a different temperature

from that in which it formerly moved ; but this view, which is purely

speculative, cannot be verified by facts.

The propagation of heat by motion in fluids has a .necessary ten-

dency to equalise the temperatures of different latitudes, and the im-

C(|ual depths of different places in the bed of the sea would, from the
same cause, produce currents warmer than the adjacent water. The
elasticity acquired by portions of the air in contact with the warmer
regions of the globe destroys the equilibrium of that fluid, and gene-

rates winds of which the heat is communicatod to the districts

traversed, while the counter-currents, or colli winds, rush forward to

occupy the abandoned spaoes. The earth having always had a rota-

tion, a limiting surface neoaasarily existed beyond which the centrifugal

force prevailed ; bunce if the surface of the earth has ever hod a tem-
(leraturc of 212° Fahr., the waters now occupying the bed of the sea,

being in a state of vapour, could have filled no mure than the spaoe

between that limiting surface and the surface of the earth ; but the

greater cold would necessarily convert the vajiour in the upiicr regions

into water, which, descending in rain, would be again vaporised, and
this reciprocal action going on during the process of cooling, would
be capable of producing immense alterations on the earth's surface.

It has been suggested by Mr. Babbage, that a cause of a similar nature

may have led to the rings and belts of the superior planets.

Most of the instruments constructed to measure heat are founded
on its general tenilency to produce expansion, but a few of them on
other properties of heat. Besides ths various thermometers, we may
notice the calorimeter of Lavoisier and Laplace, in which on internal

chamber of a box is preserved at the temperature of melting ice, being

constintly surrounded with that substance, guarded against the contact

of the air: in a division of this chamber, a cell furnished with a
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stopcock, a body is plunged at any temperature, and remains until it

ceaaes to melt the ice, when the quantity of melted water conducted
through the stop-cock is taken as a measure of the quantity of heat

given out by the body. This instrument is of use in determining the

specific heats of substances, and the calculation of latent heat. For the

measurement of high temperatures, see Pyrometer.
The dilatation of substances by heat is, in general, nearly propor-

tional to the increase of temperature, except when they are about to

change their physical or chemical states ; thus water near the freezing-

point expands when the temperature is diminished, which is probably
owing to the different arrangement assumed by its constituent particles

preparatory to crystallisation.

The value of the thermometer mainly depends on the assumption
that equal increments of heat produce equal amounts of expansion.
Still, however, this is not strictly the case ; mercury, for example, in

the 10° between 30° and 40°, expands less than in the 10° between 200°

and 210°, but it fortunately happens, that the increase in the capacity
of the glass bulb, especially if the thermometer be made of crown-
glass, very nearly comiiensates for the increasing rate of expansion in

mercury. Between the freezing and boiling points of water, the ther-

mometer may therefore be relie<l on ; but above 212° the instrument is

not so exact. In general, in all bodies, there is an increasing rate of
expansion for increasing temperatures. In the case of mercury, Reg-
nault found that between 32° and 212°, its expansion was 1 in 55'08

;

between 212° and 392°, making an equal interval, it was 1 in 54-61,

and between 3B2° and 572°, also an equal interval, it was 1 in 54-01.

Platinum expands more equably than any other of the metals ; but gives
a similar increase in the rate of expansion as the temperature rises.

According to Dulong and Petit the increase in diktation of the following
Bubetances is the result of experiment :

—

Materials employed.
Between 32'

and 212°.

Between 32°

and 292'.

Between 32°

and 572".

GUm .... 1 In 69660 I in 65340 1 in 59220
PUtiniun ... 1 In 6:86Cr 1 in 63340
Iron .... 1 in 50760 1 in 40860
Copper , . , , 1 in 34920 1 in 31860
Mercaty .... 1 ta 9990 1 in 0605 1 in95IR

„ (Kegnault) . . 1 in 091S-7 1 in 9776 I in 9S47-6
„ inrlan . 1 In 11604 1 in 11480 1 in 11372

Rflgnault further found that the dilatation of mercury between 32'

od 662° was 1 in* 9682-7. At high temperatures air is more reliabliaiid662' was 1 in- 8682-7. At high temperatu
than mercury. The temperature of 572°, as measured by an air-

thermometer would, if measured by a mercurial thermometer be 686'.
^

, and also in yapours considerably above their jwinte of con-In
densatioD, the expansion is the same in all under similar variatiotia of
air and pressure, and in general it may be stated that from the freezing
to the boiling point of water they increase in bulk more than one-third,
1000 parts at 32° becoming 13«6 at 212'. Rigid inquiry, however, by
such observers as Regnault and Magnus, show that the co-efficient of
expansion is not strictly uniform for all aeriform bodies : the expan-
sion is greater for those which are most readily condensable, but most
UDiform for gases which liave not been liquefied. Practically, however,
there is but little chance of error in the statement that gases and
vapoiu^s between 32° and 212° expand by heat JJths of the volume at

32°, or about <«» for each degree of Fahrenheit.
It was noticetl by HitscherHch that doubly refracting crystals under

the influence of heat expand unequally in different directions. A
crystal of calcareous spar, for example, when raised from 32° to 21 2^,

elongates most in the direction of the optic axis, .ind contracts in
directions at right angles to this. As in the case of liquids, solids
expand unequally for equal additions of heat ; linc expanding much
more than iron, inA iron more than glass. The total expansion of a
body may be obtained very nearly by multiplying the linear expansion
by 3. The following table gives the expansion in length and in bulk
of certain solids between 32° and 212° :—

1-000,000 Parts at

sr Fabr.

EXPAXSIOKS.

Engliib flinUglMf .

OlaM tnbe (French)
Platinum
Palladium . .

Tempered atecl

Antimony . . ,

Iron . .

Bismuth . . .

Oold
Copper . .

3r«M

I-ead

Zinc

Authorities.

Lavoisier and Laploee.

I
Dulong and Petit.

Wollaston.

Laroiaier and Laplace.
Smeaton.
Dulong nod Petit.

Smeoton.

Lavoisier

and
Laplace.

EXPAHSIOK or Liacios,

At 33° Fahr. At 212° f. 'Expansions. Anthorltics.

1,000,000 parts of mercury become
water

» >. oil

» » alcohol „

1,018,133 1 in 35

1,046,600 1 in 21-3

1,080,000 1 in 12-5

1,111,000 1 in 9

Regnaalt.

J
Dalton.

It will be seen from this last table, that liquids expand much more
rapidly than solids, and differ in that property to a much greater

extent, the most volatile being the most expansible.

The amount of force exerted by the expanding or contracting of a
body Under varying changes of temperature is equal to that which
would be required to elongate or compress it to the s<ame extent by
mechanical means. According to Barlow, a bar of malleable iron,

1 square inch in section, is stretched joloooth of its length by 1 ton
weight ; a similar elongation is produced by a rise iu temperature
equal to about 16° Fahr. The difference between the summer and
winter temperatures in this climate is suificient to cause an iron bar,

fastened by its extremities to exert a strain of many tons on the
square inch. In engineering 'and other works it is necessary to make
some provision for expansion and contraction. Instances of it are
familiar in the cracking of glass and cast iron : the sudden application

of heat produces a sudden dilatation on the surface, which is torn away
as it were from the interior and colder portions. The unecjual con-
traction due to sudden cooling may produce a similar effect. In the
application of solders and cements, regiird must be had to the relative

expansions of the solders and the bodies soldered. Iron, platinum,
and glass do not greatly differ in their rates of expansibility, and hence
those two metals may be soldered into glass, whereas silver, gold,

copper, and some other metals differ greatly in their rates of expansion
from glass, so that when soldered into it, they separate as the joint

cools.

Reference has been already made to the three methods concerned iu

the equiUbrium of temperature. But we may be allowed in this place

to state a few of the results of motlem scientific enquiry on those
important processes.

And first, as to conduction. Several distinct sets of investigations

have been made as to the relative conducting power of different solids.

Wiedemann and Franr. (' Pogg. Annal.' Ixxxix.) employed equal bars
of the substances, and exposed one extremity of each to a uniform
source of heat : the progress of the temperature along each bar
was measured at intervals of 2 inches by means of a thermo-electric

arrangement. Their conclusion was, that the conducting power of

metals for heat proceeds in the same order as their electrical con-

ducting power. Calvert and Johnson (' Phil. Trans.,' IS-OS) employed
two vessels of vulcanised India rubber on account of its low conducting
power, and passed in succession bars of metal (each 2-36 inches long,

and 0-893 inch square), through an opening in one of the sides of each
vessel, into which it projected one-sixth of its length, the portion out-

side and betweenHhe two vessels being covered with vulcanised India
rubber. A given weight of cold water, sufficient to cover the bar, was
poured into one of the vessels and the temperature carefully noted,
while into the other vessel was poured a given weight of water at 194",

tliat temperature being maintained for 15 minutes by the occasional

injection of steam. The temperature of the colder vessel was then
taken, and a comparison of its rise in temperature when bars of different

metals were employed, gave the relative condvicting power, correction

being made for the loss of heat by radiation and transfer from one
vessel to the other. The following table, based on these experiments,
represents rather the order of oonductability than the conducting
power of the metals, for in order to obtain this, it would be necessary
to repeat the experiments with bars of the same metals of different

lengths :

—

Mean
Hiso in Temp. Conductability,

Metals Eroployed. Centigrade Hcale. Silver= 1000.

Silver 31-90 1090
Gold 31-30 081

Gold alloy ^^„ . . . 26-80 840
Boiled coppL-r . ... 26-95 849

Cast copper .... 25-87 811

Mercury 21'00 677

Aluminum . . . . 9<-20 665

Boiled «inc . ... 20-45 641

Cadmium . . . • 18-40 577

Bar iron 13-92 430

Tin 13-43 422

Steel 12-65 397

Platinum . . . .12-15 880

Hodlum 11-05 305

Cast iron . . . . 11-4S 359

Lead 9-17 287

Antimony .... 0-85 213

Bismuth 1-93 01

Of the metals employed in obtaining the above results the platinum,

aluminum, iron and sodium were commercial samples: Uie other
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nteUU arc (uppowd to bara be«a diMnierUlT pure, and Uii* u a point

of great importuioe linoe the praMOoa of null qiuntiUe* of alloy

greatly impairs the oaadaotiag power. The praMDoe of carbon in

iron, exert* a similar effoct Tuing ailrer at 1000, and bar iron at 430,

ted wa« found to be S97, and cart iron S59. Mercury in the above
table is atated too hi^; the remit being probably influenced by
ocDTaotiTe currant* which were not counteracted.

It ha* been ahown by De Senarmont {' Ann. de Chimie,' 3, Serie

xxL xxii) that the conducting power of homogeneoua aolida, and of

afystali which belong to the regular ayatem, is uniform in erery
direction, yet in orystiUa which do nut belong to a regular ayatem the

conducting power variea in diflerenjb directions with respect to the optic

axia. For example, if a slice of quartc be cut p.trallel Ut the axis of

the priam, and another slice cut at right angles to that axis, and a
alrer wire be'paaaad through the centre of each plate ao that the other
•nda may be heated in a flame, a film of beea' wax ameared over each
aacUon will be melte<l diflferently when the wire ia heated. In the
plate cut acroas the axis, the wax will be melted in the form of a circle

with the wire in the centre ; while on the other plate the wax will be
melted in the form of an elliitse, the long axis of which coincides with
the optic axis of the crystal, thereby showing the superior conducting
power in this direction than in the one at right angles to it. De la

RiTe and De Candolle long since showed that wood conducts heat much
better with the grain than across it, and Tyndall (' Phil. Trans.' 1863)
baa proved that heat passes rather more rapidly in a direction from the
external surface towards the centre than in a direction parallel with
the ligneoua ringa, the greatest conducting power coinciding with the
direction of greateat porosity and readiest cleavage.

Heat ia reacted from different aubstancea very \mequally. The
reflective power ia greatest in polished metals, but they difl°er greatly
among themselvea. Out of 100 rays, according to Helloni, silver

reflecta 90, bright lead 60, and glasa only 10 : the remainder are
absorbed. It haa been estimated that the sun's rays, in traversing a
oolumn of air=6000 feet high, lose one-fifth of their heat by absorp-
tion. But Melloni was the first to make knon-n the remarkable fact

that the amount of heat absorbed by the same body varies with the
source of the heat, with the exception of lamp black, which appears to
abaorb all the rays which fall upon it from whatever so>irce. Melloni
oaed aa aoiurcea of heat the naked flame of an oil lamp, a platinum
wire heated to rednesa in the flame of a s])irit lamp, a sheet of copper
heated to between 700' and 800' in a current of hot air rising from a
lamp beneath it ; and a copper canister filled with boiling water. The
ball of the thennoscope coveretl with lamp black, may evidently be
placed at such a distance from each of these sources of heat that the
liquid shall stand in each case at the same point, so as to indicate the
aame temperature. Noting theaediatanoee and covering the ball of the
thermoacope with another aubatance instead of liunp black, the
instrument will apparently receive difl'erent proportions of heat,
although placed at the distances at which when coated with lamp black
the heat appeared to be equal. For example, if the absorption of lamp
blade from each source of heat be= 100, the thermoacope coated with
white lead at the aame distance from the naked flame as before
indicated only 53. The following table will show the variations in
this respect, or the relative absorbabilities of diSerent kinds of heat.

Absorbing Surface.
Naked
Flame.

Incandescent

Platlnam.
Copper at

750' F.

Copper at

iirr.;
Lamp bUck . 100 100 100 100
While lead IS it 89 100
Isiaslaaa SI H 84 01
iBdiaa Ink

.

06 »i 87 Si
Shell U« 43 47 70 71
Polished metal . . 14 IS-J IS 13

Melloni also diaoorered remarkable difl'crenceain the power of certain
bodiea to tranamit heat through them. Thoae which were transparent
to heat be termed diathermanom or diathermic (from tia through and
$ifli»s hot) while thoae which do not allow heat to pass are termed
otAerMaaoM or adialhermic. Bodiea that are transparent to light are
bjr no meana equally so to radiant heat. There is only one known
olid that q>proachea to perfect diathermacy, and that is rock salt.

Colourleaa gaaea are diathermanouR in the highest degree; but all

liquids hitherto examined have considerable absorptive. action on the
thermic rays. A fuller notioe of this aubject will, however, be given
under Kadution. For other important diviaions of our subject we
refer to Latut Heat; Sntcinc Hiat; Steam; Dew; Evapora-
tion; BoiLiKQ orLiQiniM; Ebulution; Frbezino; CBTopnoRcs;
and some other kindred aubjecta.

Baapeeling the chemical agency of heat we give no details^ seeing
that no ehamioal o)>eration can be performed without some disturbance
of temperature or some alteration in the latent and speciflc beats of
bodiea. We oannot diasolve any salt in water without a disturbance
of temperature, or combine or decompose aubatancea, without similar
and often very energetic manlfeatationa of heat.
W* must however just refer to what is called the mech,-mical theory

of heat, which bos of late years excited revived attention in conse-
quence of the experiments of Joule ('Thil. Trans,' 1850) on the definite
amount of beat developed by friction. The mathematical theory of

beat atarted by Canot waa favourable to Joule'a raault, and haa been

rerived by Clauaius, Rankine, W. Thomson, and others. The reader
interested in the subject will find an excellent reaumtS of the theory of

the mechanical action of beat or thermodynamics by Professor

Rankine in Nichol'a 'Cyolopaodia of the Tbysical Sciences.' The
principle aougbt to be eatablished by this theory > as follows :—that
in all oases where mecbanieal t/SecX ia pivduoad by heat, a quantity of

heat ia need up proportional to the maobanieal tISttA, produool ; and
conversely tlut the aame quantity of be it can be again generated by
the expenditure of juat ao much mechanical efl'ect. Thus it appean
from Joule's experiments that the actual quantity of beat dovelojied

by friction, depoida aimply on the amount of force expended, and not

on the natiue of the substances nibbed toRcther. When W8t«r, for

example, is agitated by means of a horizontal brass paddle-wheel, inaile

to revolve by the descent of a known weight, the temperature of one
pound of water is raised one degree Fahr., by the expenditure of an
amount of force, sufBdent to raise 772 Iba. to the height of odd foot.

So also when cast iron ia rubbed against iron, the force required to

raise 1 lb. of water 1' Fahr. ia about 775 Iba., and by the agitation of

mercury with an iron paddle wheel 774 Iba. These results are the

means of a large number of experiments, and the condusion drawn
from them is, that the quantity of heat, capable of raising the

temperature of 1 lb. of water (between 55* and 60°) by 1* Fahr.,

requires for its evolution the expenditure of a mechanicd force, equal
to the raising of 772 lbs. one foot. This is the mechanical equivdent
of a unit of beat, and is known as Joule's equivalent. Expressed in

terms of the French metrical system the heat ca|>able of raising one
gramme of water 1° C. ia equivalent to a force which would lift 423*55

grammes through a height of 1 metre. But not only heat and motive
power, but all other kinds of phyaicd enei^, such as chemical action,

electricity, and magnetism, can be experimentally proved to be con-

vertible and equivalent ; that is, any one of these lunds of force may by
its expenditure be made the means of devdoping any other in certdn
definite proportions.

There are certain reservations to be made in using such wor>ls as

heat and temperature, but our ramarks on this subject had better be
deferred until we come to speak of the method of graduating thermo-
meters. See Therjiometer.
HEBREW LANGUAGE forms a branch of that extensive family

of languages known by the name of Semitic ; a name which is derived

from the real or supposed descent of the people who speak these

languages from Shem the son of Noah. The Semitic languages may
be divided into three branches : the Arabic, to which ^e Ethiopic

is dosely allied ; the Aramican, consisting of two dialects—the Baby-
lonian or East Aramasan (sometimes but erroneously called Cbaldee),

and the Syriac or West Aramsan; and the Hebrew, to which the

Phocnidan and Punic are dnsely related. Of these languagea the
Arabic is the most copious, and the Aranucan the poorest and least

devdoped ; the Hebrew holds an intermediate rank between these,

being more perfect than the Aramaean, and inferior to the Arabic
The Hebrew language derived its name from the Hebrews, who date

their origin from Abraham, who is calle<l 'the Hebrew' O^nSn)
in Gen. liv. 13. The etymology of this word is doubtful. According
to the Jews it is derived from Eber OSS'* '"^ ancestor of Abraham

(Oen. X. 24, 25 ; xi. 15) ; but Geseniiui and many other critics maintain

that Eber cannot be reg^irded as a historical person, and that his name
has been invented in the same manner as the names of Ion, Dorus,

.£olus, &c , by the Greeks, to account for the origin of the people.

It has been supposed with some probability that the name of ' Hebrew'
was originally applied to designate all the Semitic nations west of

the Euphratra, which appear to have emigrated from Mesopotamia.

According to this etymoloKr, the word ' Hebrew' is derived from the

root ^35' ' to P"** over.' This appears to have been the opinion of

the translatoni of the Septuagint, who render Gea xiv. 13, ' Abram the

Hebrew,' by *A/3pafi t^ mpdrji, that is, ' Abram the paaser-over.' All

the descendants of Abraham were, according to this view, originally

called Hebrews ; and the name was only restricted afterwards to the

inbabitanta of Pdestine. (See Ewald, ' Hebrew Grammar,' § 3 ; and
Gesenius, 'Hebrew Lexicon,' under .^"l^y ) This name is never

applied to the language of the Hebrews in the Old Testament; in

Isaiah xix. 18, it is called the language of Canaan (7¥33 DQU^) ; and

in Isdah xxxvi. 11, 2 Kings xviii 26, 2 Chron. xxxii. 18, and Neb.
xiii. 24, the Judaic or Jewish language (n^'T^'~'V' '^'"> language

apoken in Palestine in the time of Christ is frequently called Hebrew
(^EfipaXirrl) in the New Testament (John v. 2; xix. 13; Acta xxi. 40;

xxii. 2; xxvi. 14); by which the Arameean ia probably intended. In

the writings of the Rabbinicd Jews the Hebrew is generally called the

' holy language' (NttJ'T^"? 11^^)-

The Hebrew language appears to have been formed in Palestine by a

union of the ancient Aranuoan, which was brought by the Abrahamites

from Mesopotamia, with the Phomician or Canaanitish, the language of

the origind inhabitants of the country. That the Phoenician and
Hebrew languages were very cloaely aUied is evident from the Ph(C-

nician names of persona and placea, and from the specimens of the

Phoenician language which we possess in coins and inscriptions,

(liochart, 'Geographia Sacra,' b. ii. cc. 1-7; Bellermann, ' Handbuch
der BibL Lit,' vol. L sect. 56 ; Bellermann, ' Yersucb einer erkliining
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der punischen Stellen im Ponulus des Plautus ;
' Dessen, ' De Phoe-

nicum et Poenorum inscriptionibus,' Berl. 1810 ; Dessen, ' Bemerk. (iber

phonizische und punische Munzen ; ' Gesenius in an Excursus entitled

' t'ber die phbniz. und punische Sprache und ihr V.erhaltniss zur

hebriiischen,' in his ' Geschichte der Hebr. Sprache;' Qfflenius, ' Ver-

such iiber die malthesische Sprache,' 8vo, Leip. 1810 ;
' Paliiogra-

phische Studien, iiber phijniz. und punische Schrift,' 4to, Leip. 1835
;

E. Rdnan, ' Histoire Gdnerale des Langues Semitiques,' Paris, 1855 ;

M. A. Levy, ' Phonizische Studien/ chiefly relating to Phoenician inscrip-

tions on gems, seals, &.C., Breslau, 1858.) The long settlement of the

Hebrews in Egypt, and their forty years' wandering in the wilderness,

must have had an important influence upon their language ; but the

number of Egyptian words received into it appears to have been
small.

Many critics have divided the history of the language into four

periods :—I. From Abraham to Moses. 11. From Moses to Solomon.
IIL From Solomon to the Babylonish captivity. IV. From the

Babylonish captivity to its final extinction aa a spoken language. But
there are in reahty only two periods in which any difi'erence can be

traced in the language ; the first extending from the time of Moses to

the reign of Hezekiah, and the second from the reign of Hezekiah to

its final extinction as a spoken language. The language in which the

Pentateuch is written differs so little from that of David, Solomon, and
Isaiah, who lived many centuries after the time of Moses, that many
critics, supposing it impossible that a language should have remained
stationary for so many centuries, have maintained that none of the

books of the Old Testament were ivritten previous to the time of

David and Solomon. It is not very easy to disprove this opinion ; but
the remarks of Ewald on this subject appear worthy of attention. He
observes in his ' Hebrew Grammar,' § 7 (Eng. trans.), that " the

Hebrew language in the first four books of the Pentateuch, which con-

tain records of unquestionable antiquity, partly by Moses or from bis

time, appears already, a few minutiae excepted, fully developed.
" From Moses until about the year 700 it underwent two changes

;

for as the structure of the Semitic language is in general more simple,

so also is it less changeable than that of languages of greater develop-

ment, as Sanskrit ; to which is to be added, that in that period the

Hebrews did not experience those influences which materially affect a
language ; they did not advance much in civilisation, were never long
subjected to nations of foreign tongue, and lived almost entirely sepa-

rated from all nations, especially from nations of foreign language.

Their language, therefore, ulvanced little in development, but it also

goffered little from corruption. There are, however, in those books of

the Pentateuch some certainly important diff'erences which afterwards

disappear, and many diff'erences of that kind have become less distin-

guudiable by us, because the more modem punctuation has treated all

words according to one standard, and that the standard of the language
at a late period." The study of the Hebrew language appears to have
been greatly promoted by the schools of the prophets, which were
founded by Samuel ; and it is to the influence of these schools that we
are probably indebted for the lyric poems of David and the didactic

and amatory poetry of Solomon.
The conquests of the AjBsyriaiu and Chaldjgana from about B.C. 720

tended to introduce the Aramaean language into Palestine. It appears
from Isaiah (xxxri. 12) that the princijial people in Judica, even in the
reign of Hezekiah, found it necessary to study Arama:an. The Ara-
mjean oolonies (2 Kings, xvii. 24), which were planted in the kingdom
of Israel to supply the place of the Israelites who had ))een carried into

Assyria by Shahnaneser, must have caused the spread of the Aramaean
language in the northern parts of Palestine even before the destruction

of the kingdom of Judah. The long residence of the Jews in Babylon
after the destruction of Jerusalem by Nebuchadnezzar, caused the
extinction of the Hebrew as a spoken language, at least among the
common peojJe. After their return to Judiea, according to the edict

of Cyrus, it appears from a passage in Nehemiah (viii. 8),',that the
common people did not undetstaod the Scriptures when rend to them
in the Hebrew language. But Hebrew continued to be spoken by the

upper classes for a considerable time after the BaV>ylonish captivity.

The prophecies of Haggai, Zechariah, and Malachi, who lived in the
latter part of the 6th century, are written in tolerably pure Hebrew.
The inscriptions of the coins of the Maccabees are in Hebrew ; and the
Hebrew language does not appear to have been discontinued in writing
and conversation among the upper classes till the century preceding the
birth of Christ.

But the Hebrew, from the period of its extinction as a spoken lan-

guage, has been always more or less cultivated by the Jews. After the
destruction of Jerusalem by the Romans, numerous schoolx were
established by the Jews, in which their language and Uterature were
taught. Of these schools the most celebrated were those of Tiberias

and Babylon. The Mishna, which contains the traditions of the Jews
and interpretations of the Scriptures, is supposed to have been com-
pil«l in the latter port of the 2nd or the beginning of the 3rd century,
by Rabbi Jehuda. The Mishna was considered from this period one
of the principal works of Hebrew literature, and the rabbis of Tiberias
and Babylon wrote numerous commentaries upon it. These commen-
taries were at length collected into two separate works, and entitled

the Jerusalem and Babylonian Talmuds, The Jerusalem Talmud
spituars to have been compiled in the 3rd or 5th century, by Rabbi
ARTS AND SCI. DtV. VOr. IV.

Jochonan ; and the Babylonian Talmud in the 6th century, by Rabbi
Asci. Each Talmud is divided into two pai-ts : the Mishna, or text

;

and the Gemara, or commentary. The ' Mishna ' has been edited by
Surenhusius, 6 vols, fol , Amst., 1698. The Babyloniau Talmud was
published at Berlin and Fi-ankfort, 12 vols, fol., 1715 ; and the Jeru-
salem Talmud at Amsterdam, fol., 1710. To the same schools we are

also indebted for the system of punctuation and accents which we have
in the Hebrew Bible. This system, which no-doubt represents faith-

fully the traditional interpretation of the Scriptures and pronunciation

of the language by the Jews, is entitled Masora (miDD), that is,

" tradition." It is uncertain how long the school of Tiberias lasted ;

but the Babylonish school was broken up by the Arabs a.d. 1040, after

a long period of prosperity, and most of the scholars took refuge in

Spain, where they founded schools in most of the principal cities.

These schools produced a succession of writers, of whom the most
celebrated was Maimonides [Maimonides, in Bioo. Div.], who hved at

the latter end of the 12th century. After remaining in Spain for
nearly four centuries, they were banished by the Christians in 1492.

'The Christians paid very little attention to the Hebrew language
before the Reformation. The publications of the Buxtorfs in the 17th
century tended to diffuse the language among Christians, but their

works contained no philosophical views of the language, since they
impUcitly followed the decisions of the Masorites. The Grammar of

Schultens, which appeared in 1 731, and which may still be consulted
with great advantage by Hebrew scholars, contained a much clearer

development of the principles of the language than the Buxtorfs had
given. His knowledge of Arabic enabled him to compare the forms of

that language with the Hebrew, and thus to draw the attention of

scholars to the important fact, that the study of the cognate languages
is necessary to obtain an accurate knowledge of Hebrew. But the
pubUcations of Gesenius and Ewald, in the present century, have done
more to facilitate the acquisition of the language than the works of all

preceding writers.

It appears probable that the language of a country, which was divided
both physically and politically into several parts, must have contained
various dialects ; but tUs cannot easily be proved, since almost all the
Hebrew writers belonged to the kingdom of Judah. The language of

Galilee and the northern parts of Palestine appears at all times to have
inclined to the Aramaian ; in the time of Christ, the Gahla;an dialect

diff'ered from the langxiage spoken in Judica. (Matt. xxvi. 73.) In
the book of Judges (xii. 6), the pronunciation of the Ephraimites is

cUstinguiahed ; and many critics think that they can discover traces of
the northern dialect in the song of Deborah. (Judges, v.)

Few literary subjects liave occasioned greater discussion than the
letters, vowels, points, and accents of the Hebrew language. But with
regard to the letters it ai>pears probable, that the present square
characters in which Hebrew is written were not employed previous to
the Babylonish captivity, but that the Phccnician letters were used,
which are still preserved with a slight alteration in the Samaritan
alphabet. According to the Jewish tradition, the present stjuare

characters, which belong to the East Aramaian language, were first

introduce*! by Ezra when he revised the canon of Scripture ; but they
could not have been universally ailopted till a later period, since the
Samaritan Pentateuch, which was not introduced into Samaria till

after the Babylonish captivity, was ^^Tittcn in the ancient character,

and the coins of the AsmouECans in the 2ud century before Christ also

employ the same character. It is difficult to say when the change was
introduced. It has been conjectured that the square characters were
in use in the time of Christ, from his referring to the letter yml as the
smallest letter in the alphabet ; a fact which is true of the present
Hebrew alphabet, but would not apply to the ancient Hebrew or
Phoenician alpliabet.

It is a characteristic of the Hebrew language, according to the
system of most modem Hebrew grammars, that the alphabet consists

only of consonants, and that the vowels are expressed by means of

small points placed above and below the letters. The antiquity of
these points has occasioned great controversy among the learned.

Some have maintained that the points are as ancient as the letters, and
that both the points and letters were taught Moses by God himself

;

others, that the jioints were first introduced by Ezra when he tran-

scribed the Scriptures in the present square characters ; others, that

the Hebrews had originally three vowel jjoints, a, i, and o, answering
to the three letters K ^i V. and that the present system of punctuation
was not introduced till the time of the Masorites ; but it is now
generally considered by eminent Hebrew scholars, Geseniu8,'Winer,

Ewald, &o., that the whole system of punctuation was first introduced

by the Masorites, of whom some account has been given above, perhaps

.IS early as the 6th or 7th century, and certainly not later than the
10th or 11th. It appears certain from many circumstances that the
Hebrew letters were originally written without points. They are not

found in ancient Jewish coins and inscriptions ; they are not once
mentioned or alluded to in the Talmud ; they apjiear to have beeii

unknown to Origen and Jerome ; the ancient versions, such as the

Chaldee paraphrases of Jonathan and Onkelos, and the Greek trans-

lations of Aquila, Symmachus, Theodotiou, and the Septuagint, must
have been made from Hebrew manuscripts without points, since they

frequently give a different interpretation to the words from that which
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tiMgr muat imhi aooordiiig to the pr«MDt mtcm of panafaatian ; and
it h aUowml that all Um otiicr Scmitio UnguigM had aactently no

Mint*. TIm beat airguBuniti on both mdm of Uw qoaatioti an given in

Boxtorfi ' Tiberiaa, «*• OomnMntarhu Haaorathkoa,' 4to, 1 630, in which

the antiquity of tha paints ia maintainad, and in Capdlua'a ' Arcanum
PiincUtiauia reveUtuni,' 4to, 1624, in which their antiquity ia denied.

Furtlier infurmation un the subject will be found in roost gramman.
The sTstam of aaeantaatian depsnda on that of [lointa, and was in all

probability intnduead at tha taina tfaue. The aooents mark the

rdation uf one word to another in a aentence, and thus serve an im-

portant porpoae in the rrntax of the langnaga. Hany aeholan have

oonaidared tbe aooenta aLnoat uaaleas ; but one of the moat eminent
Hebniats of the praaentday remariu(Ewald, ' Hebrew Grammar,' g 642,

Eo^ TranaL), " We everywhere find a beautiful harmony between the

aoocntuation and the syntax, so that they mutually support and explain

•aeh other. Whether we set out from the syntax, and learn to com-

prehand it without knowing any thing of the accentuation, or whether

«• ptooeed from the aocentuation to the syntax, an accurate investi-

gation will always lead to the same results, so that he who thoroughly

undarstands the syntax is for the most part clearly poaseaaed of the

aooeotuation also, and he who understands the latter becomes through-

out more easily at home in tbe former. This ia, however, at the same
time tbe best commendation of tbe accentuation." W^e must distin-

goiah, however, the aocentuation of the historical and poetical books.

Tbe remarks of Ewald apply only to the accentuation of the historical

books. Many of the accents in the poetical books serve the same
purpose as those in the historical ; but the greater part were intended

to indicate the tone acoording to which the Scriptures were chanted in

the synagogue. The aooenta are explained with great oleaniess in

Stuart's ' Hebrew Qramnuu-.'

HEBREWS, EPISTLE TO THE, a book of the New 'Teetament.

The absence of the initiatory formula usual in the apostolic epistles

has lad some to doubt whether this book is an epistle or a dissertation.

But it contains allusions to particular circumst.'uices, which prove it to

be an epistle (v. 11, 12; vi. 9, 10; x. 32-84; liii. 19, 22, 23). The
general opinion respecting the persons to whom this Epistle was
addressed is tlutt they were the Jewish converts in Jerusalem or

Palestine gener^y. This opinion, as Micbaelis has shown, is sup-

ported by the contents of the book itself. (Marsli's ' Micbaelis,' vol. iv.

pp. 193-7.) Others suppose it to have been addressed to the Jews of

Asia Minor, and Dr. Noeaaelt contends for its having been written to

the Theaaalonians. Concerning the language in which this epistle was
written critics have been much divided ; some supposing that it was
written in Oreek, and others that it was written in Hebrew and trans-

lated into Greek. The latter opinion was held by Clement of Alex-

andria (who states " that it wa» written by Paul in the Hebrew language

for tbe use of the Hebrews, and that Luke translated it for the benefit

of the Greeks '") ; by Eusebiua, and by othei- fathers ; and is strongly

advocated by Micbaelis. The other opinion is supi^rted by Lardner,

Macknight, Rosenmuller, Professor Stuart, and most modem com-
mentators.

The author of this Epistle ia equally uncertain. The general voice

of tradition assigns it to the ajxistle Paul, but it has also been ascribed

to Barnabas, to Luke, to Silas, and to ApoUos.

In the first ages of the church it appears to h.-kve been generally

considered aa a production of the apostle Paul, though great doubts

were very early entertained on the subject. In the Alexandrian church

we have the testimony of Pantienus (A.a 180) to its Pauline origin, as

well aa that of Clement, in the passage quoted above, and in other

parts of his writings. 'These testunonies are preserved by Eusebius
(' Hist. Kccles.,' bmk vi. c. 14). Eusebius also quotes a passage from
Origen {Ibid., c. 25), which bos been variously understood, but which
seems to imply that an objection had been raised against the P.iuline

origin of the epistle from tbe superiority of its style to tliat of the

acknowledged Epistles of Paul, and that to meet this objection Origen

upposed the sentiments to be Paul's, but the diction that of some other

penon, a disciple of Paul. But he adds :
" If any church therefore

hold this epistle to b« Paul's, let it receive commendation for this.

For it is not without reason that the ancients have handed it down as

Faol's." In Origen's own writings it is frequently quoted as being

written by Paid ; and after his time the Alexandrian &thera unani-

monsly ascribe it to the same ^Kwtle. Turning to the Eastern church

w« fimd paasagea in the writings of the fathers, which are thought by
some to M indirect quotations from this epistle. The earliest direct

testimony is that of Eusebius, who mentions fourteen epistles as being

daarly md certainly Paul's, but adds that " some liave rejected that

which is written to the Hebrews, alleging, with the church at Rome,
that it is spoken against as not being Paul's." He frequently cites it

aa written by Paul: The Western dinrch seems to have been greatly

dhrided on this subject from about the dose of the 2nd to the middle
of the 4th century, when Jerome states that the Epistle waa received

as Paul's by all the Greek and some of the Latin churches, though
rejected by most of the Latina, who ascribed it to Barnabas or Clement
of Roine, but held it in hi^ estsem, and read it in their churchea.

Jerome himself, and Augustine, constantly refer to it, sometimes as an
^wetulio production, and sometimes aa St. Paul's, Their authority

tpftikn finalW to bare established the belief in its Pauline origin

among the Western churchea. The modem adToeatee of the same

opinion have attributed the doubts which prevailed In the Western
church at the end of the 2nd century to the disputes with the Mon-
tanista, who relied on this Epistle in support of some of their opinions.

On the other hand, those who believe that Paul did not write the

Epistle ascribe the strong testimony of the Alexandrian fathers in its

favour to their great fondness for the allegorical interpretation of

Scripture, which the style of tliis Epistle is thought to sonctiun. The
passage in 2 Peter iii 16, is thought by some to refer to the Epistle to

the Hebrews.
The internal evidence in favour 'of Paul being the author is drawn

from the referenoe (o. siiL v. 23) to Timothy, who is known to have

been Paul's intimate friend and frequent com[ianiou ; and from other

incidental alliuioos (see x. 34; xiii. 18, 18, 24). In the arrangement

of the Epistle, the former part being ductrinal and the latter part

hortatory ; in the mode of using quotations from the Old Testament

and the style of argument adopted ; Jn the cbictrinex most prominently

stated and the phraseology employed ; there are great resembkinces

between this book and St. Paul's acknowledged epistles. (For ex-

amples see Prof. Moses Stuart's ' Commentary on the Hebrews,' lotrod.,

sects. 20-24, uid Home's ' Introduction,' vol. iv., p. 415, Ac, ed. 1834.)

The chief objections against the Pauline origin of the epistle are drawn
from the absence of the usual addreaa at the beginning, the superiority

of the style to that of Paul's acknowledged epistles, and the resem-

blance between its style and that of the Alexandrian school. The
points above stated are discussed with great abiUty and candour by
Prof. Moses Stuart in favour of the Pauline origin of the epistle, and
Prof. Bleek (' Der Brief an die Hebriier') on the other side. On
the whole, the arguments of St Paul being the writer seem to be
irresistible.

The opinions which assign the authorship to Barnabas, Apollos,

Luke, and Silas, rest on very slight grounds, The second of them was
first started by Luther, a conjecture founded on the resemblance

which tbe epistle bears to what wc might expect to have been written

on such a subject by a man of the character given to ApoUos in Acts

xviii, 24-28.

The date depends partly on the settlement of the former question.

The internal evidence of the Epistle shows that it was written while

the temple at Jerusalem was standing (see viit 4-6 ; ix. 9), and pro-

bably not long before its destruction in a.d. 70. If Paul was tbe

author, it was probably written diinng his first imprisonment at Rome,
and immediately before he was released (see xiii. 18, 19, 23). Accord-

ingly most critics refer it to a.d. 61 or 62 ; some say A.D. 68.

The canonical authority of this Epistle depends partly on its author-

ship ; but may be argued on other groimds. It ia repeatedly quoted
by Clement of Alexandria, and apparently by Barnabas, Hennas. Poly-

carp, Ignatius, and Justin M.irtyr. It is contained in tbe Pe.'ihito

Syriac version, the date of which is not later than the 2nd century, and

in the old Latin versions made about the same period. Krom that

time the questions of the canonical authority and the authorship are

very much mixed up together.

The design of the writer of this Epistle appears to have been to

sustjiin the faith of those to whom he wrote, while they were suffering

under persecution and inclined to apostacy. After urging them to the

practice of various Christian duties, he concludes with the usual

salutations. In warmth of feeling, elegance of language, and force of

argument, this epistle yields to no book of the New Testament.

The separate commentaries on this book are extremely numerous.

Among the more recent are Barnes's ' N<ites, Practical and Explana-

tory,' 1843 ; Tholuck's ' Commentar lum Briefe an die Hebriier,' 1840 ;

the ' Commentar zum Briefe an die Hebriier,' 1858, of Delitzch. In

Kitto's' Cyclopicdia of Biblical Literature,' a list of commentators

is given.

HECATE, one of the ancient Greek divinities, the daughter of the

Titan Perses and Astoria, according to Hesiod ('Tbeog.,' 411), but
others give to her a different parentage. She appears to have been

originally a Thracian deity, and regarded as a Titau of unusual powers.

She was a mystic goddess, and identified, more or less, with several

ancient Greek deities, but her attributes correspond in most respects

with those of Artemis ; and it has therefore been conjectured that she

may originally have been the same as Artemis. Her name, the feminine

of Hecatus (" the far-shooting"), one of the names of ApoUo, the brother

of Artemis, is thought to favour this su{^xisition. Hecate presided

over hunting and fisliing, the deliberations of the popular assembly

and the courta of justice. She seems also to have appropriated to

herself port of the duties of Persephino (Proserpine) ; since she waa
regarded aa the mistress of the lower world, tha arbiter of the souls of

the departed, and the patroness of magic. She was considered a bene-

fioent deity, who answered the prayers of her worshippers. Her
statues were placed at cross-roads and before houses. She waa held in

muoh respect in Athens, where she was regarded as the patroness of

families and children. She was greatly venerated by the inhabitants

of .^gina, who held a featival once a year in honour of her ; which was
said to have been instituted by Orpheus. (Pauaon., ii. 30.) Repre-

sentations of her are very numerous. Sometimes she appears as a
three-headed being, attended by tbe Stygian dogs ; sometimes with

three bodies, when she is the same as the Diana Triformis of the

Romans (Virgil, ' ..En.' iv. fill). We give an engraving of Hecate (or

Diana Triformis), from a votive statue, 2 feet 6 inches high, in the
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British Miiseum. Statues of this kind were placed in towns and
villagas where three roads met. The figures held various symbols, as a

Statue of Becate from the British Mtueam.

globe, a patera, twisted cords, serpents, a torch, kc. The hands with
the attributes in the Museum statue, are howerer modem.
HKDEHIC ACID. An acid, of uncertain composition, extracted

from ivy-berries. It crystallises in needles or thin plates, which are

colourless and inodorous, but possess the intensely bitter taste of the
ivy. It in insoluble in water and ether, but soluble in alcohol. In
contact with concentrated sulphuric acid it strikes a fine purple colour.

HEDERINE. An alkaloid found in i%7-berries. It requires in-

Testigation.

HEDGE, one of the most lasting and effectual of our fences. When
hedges have been well made, and are kept in good order, nothing can
surpass them, except well-built stone or brick walls, and even these

are far less effectual in keeping out trespassers of every description.

Hedges are made of various kinds of shrubs and trees, trained so as

to throw out numerous branches along the stem from the surface of

the earth upwards ; this is done by judicious pruning when they are

yoimg. The head being cut off and the side branches shortened,

numerous smaller branches spring out, which are shortened in their

turn, and form a very compact mass, consisting of the ends of stumps
and branches i«>inting in every direction. Those shrubs which are of

a thorny nature are best adapted for hedges. Holly, which bears

prickles on the edges of the leaves, is on this accoimt by far the best
Hhrub to form a hedge. But it has a great inconvenience in its very
slow growth, and except in very old gardens, which have been
surrounded by a holly-hedge before the present generation was bom,
it is very seldom that such a hedge is met with. The high price
which the nurserymen charge for this plant is another reason why it is

seldom planted.

In forming a holly-hedge the ground should be prepared by trenching
and abundant manuring : the plants should be most carefully planted
aflsr midsummer, or immediately before the usual rains which come
at that season. There should also be a portion of virgin soil for the
wot* to spread in ; and in planting they should bo well divided, to
give them the greatest extent from which to draw their notuishment.
The earth should be well pressed to tbem by treading it down ; and in

case of a continued want of rain, they may be occasionally watered,
late In the evening, or early in the morning. By a little attention to
them in the first year, they will form a good fence several years sooner
than those which ai» comparatively neglected. The plants which are
usually put in are three years old; but il they could be transplanted at

once from the seed-bed, they would sooner come to perfection ; and
by being cut dowu and pruned earlier, would lay the foundation of a

closer and better hedge. Next to holly, as forming a close and
durable hedge, is the yew ; it bears very close clipping, and forms a

thick hedge and good shelter all through the year. For gardens and
nursery-grounds, where shelter and occasional shading are required,

the yew-hedge is preferred ; but in all places where cattle are put to

pasture, the yew should never be permitted to grow. Many valuable

horses and cattle have been destroyed by grazing in places where yew-
trees grew ; and notn^thstauding the instinct which leads animals to

reject food which is hurtful, they greedily eat the yew leaves in spring.

The same may be said of box.

The various kinds of thorns are pecuUarly adapted to form hedges,

and they are consequently by far the most common plants of which a

Uve hedge is formed. .

For high hedges and strong fences the hornbeam and a variety of

the beech which throws many branches from the stem are extensively

used in old gardens, where geometrical figures and numerous angles

are admired.
Where it is desirable that the hedge should arrive very rapidly to

such a size as to be a good defence against cattle, elder may be plimted.

Elder grows very rapidly, and throws out many long hollow branches,

which soon become hard, and are admirably calculated for a fence, and
cattle will not eat the leaves ; but it is never very close or ornamental

;

and as it requires to be cut down frequently, it displays very unsightly

knots and stumps when it has acquired a certain age.

Swcetbriar is ornamental, and forms a good fence against sheep. It

is chiefly confined to flower-gardens and enclosures in pleasure-

grounds.
Many other shrubs might be named, such as the Pi/rus Japonica,

which is prickly, grows close, and bears a beautiful flower. It is a.s

hardy as any native British plant, and will bear cutting and training as

well as any of them. Hitherto no hedges have been made of this

shrub, except a few in the gardens of nurserymen ; but there is no
doubt that if many young plants were wanted for hedges, they would
soon bo produced at a reasonable price. The privet is a very common
and quick-growing shrub, which is frequently planted as a hedge where
cattle are not admitted ; but of all shrubs, the most common and
most useful for the purpose of hedges are the block and white thorn,

and they almost universally form the quick hedges by which our fields

are separated and enclosed.

In order to have a good hedge, the shrubs should be planted in a
•oil which is naturally strong, but well pulverised, and in which no
shrub or tree bos Utely grown. The best soil is that which is pro-

duced by the decomposition of sods taken from commons or old

paatures ; and it is observed that in new enclosures, where the quick
baa been inserted between two sods, it always grows luxuriantly, and
only requires to be protected, when young, against the cropping of
cattle and slieep, which are fond of the young tender shoots. The
usual mode is to insert, in the early part of the spring, a row of quick
in the side of the b.ink, on a level with the surface of the ground,
where a sod has been turned over, and forms the base of the bank
raised by the earth taken out of the ditclu This quick requires to be
protected from cattle or sheep by some fence. [Fence.] Sometimes
the quick is planted in two or three parallel rows on the top of the
bank, which in this case is nuule much wider, with a ditch on each
side. A double fence in such case is necessary for its complete pro-
tection. When the quick is planted on the top of the bank, the surface
sods are reserved to lay at the top ; and after being broken and
chopped to pieces, are dug into the bimk. Stable-dung is fre<)uently

dug in at the same time, and is well bestowed : the quicks are then
inserted, and well watered. They never fail to come up luxuriantly

;

and when properly pnmed they fonn a close and impenetrable hedge.
Many think that it is advantageous to prune and cut down the

young shoots every year, in order to excite them to throw out fresh

ones in greater number. But this is an error, by which the growth of

the hedge is much retarded. The shoot should be allowed to grow to

its full extent the first and second year ; the root will then have struck
deep into the ground ; and in the third or fourth year the quicks may
be cut down to a few inches. They will then send out several fresh

strong shouts, which may be cut and pruned to the height and width
of the intended hedge.

In Holland and Flanders the hedges are often trained along stakes

and rods placed for the purpose, and tied together with osiers. In
this case every slender branch is tied to the rods, and they are laid so

as to cross each other frequently, and the redundant shoots which
cannot be conveniently tied in are cut off. These hedges, when in

leaf, look very close and light, and take up very little room ; and birds

can scarcely harboiu- in tiiem. It appears at first sight that much
labour is required to train hedges in this way ; but this is by no means
the case. When they have once grown to the proi)or height they only
rojuire to be regularly clipped.

in forming a hedge it is necessary to take into consideration the
quality of the soil, the aspect of the bank, and whether the land is

porous, or very retentive of moisture. In the first case it will be
advantageous to plant the quick in the side of the bank, raising the
earth above it to keep in the moisture. A ledge may be made by
setting the first sod at a couple of inches from the edge of the ditch.
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TIm water which may &U on tha bank and run down the anooth ad»
ia arrested by tha lodge and loaka into the roota. In the other caae

the top of the bank ia tha {iroper place, and a amall concavity nuy be
given to it to retain the water and keep the roota moist.

In a dry aoU which doea not require draining, ditchea are nnneces-
aaiy, and it ia much better to pUnt a hedge on a little bank formed by
• few soda about eighteen inchea wide, with a amall water-furrow on
aaeb aide. The whole width need not be above two feet aix inches,

wheraaa a bank and ditch take up at leaat ux feet, and the plough
cannot go nearer than a foot from the edge of the ditch or the bai^
Thus eight feet are taken up by the fence.

When a hedge haa been left uncut for several years, it growa wide
and high. It reqoirea to be cut down once in seven or eight years ;

in thia caae much care ia required in the cutting that the ahoota may
grow ont again regularly. The common labourers often do this very
cardesaly, by cutting the stems downwards with one or more cuta of

their bill-hook. The consequence is that the stem is split and ahivered,

and the rain lodging in the ragged cut injures the wood and causes it

to die down farther than it otherwise would. Hence the general
maxim of " cutting up," so strongly recommended by all those who
S've directions about cutting hedgw. Portions of the stems are often

ft of a greater length tlian the rest for the purpose Of holding the
boshea, whieh are generally laid over the cut stumps to protect them
against cattle. But it is better to cut the hedge regularly, one row
cloae to the grotmd, and one a few inches longer ; this will strengthen
the foot of the hedge, and prevent its being thin and hoUow at

bottom*
When a hedge has become old, and many of the plants nro decayed,

it is very difficult to renew it If young quicks are planted on the
same spot, they will scarcely ever succeed, imless very great precau-
tions are taken. The soil is exhausted or deteriorated, and must be
ranewed : but manuring is not sufficient ; fresh earth is required for

the new quick. The simplest process is to level the old bank, spread
the earth of which it was formed, which will be of great use to the
ground where it is spread, and form a new bank in the same place
from earth taken elsewhere ; or, where it can be done without incon-
venience, it is better to make an entirely new ditch and bank, and to
fill up the old. This is perhaps the surest as well as the soonest way of
having a new hedge which will be permanent.
Wlu* has been said of renewing a hedge is equally applicable to

repairing nps in an old one. It is of no use to put in young plants
in the old Duk. The earth must be removed, and freoh earth put in
ita pUoe. The old hedge must be cut and trimmed, so that the young
quick mav not be shaded, and in that case the gap will shortly bo filled

up, and the hedge be restored as a continuous fence. Where the gaps
are very small, and the hedge is not cut down altogether, it may some-
times be advisable to plant hollies or other plants, which will grow
well and fill up the deficiency.

Well managed hedges are the most effective fences, the cheapest,
and the most pleasing to the eye. It is to the hedge-rows that England
owes much of ita garden-like appearance; but the trees, which are
their chief ornament, are veiy destructive of the hedge as a fence

;

and where trees are planted it would be much better if they stood
within the liank, without interfering with the hedge. Whether trees
can be allowed in hedge-rows, in a perfect system of agriculture, is a
question which we will not attempt to answer.

There is a method of repairing hedges which is called "plashing"
(pUaehing). It consiits in cutting half through some of the stems
near the ground, and then bending the upper parts down in a hori-
zontal or oblique position, keeping Uiem so by means of hooked sticks
driven into the bank. Thus a hve hedge is made, which fills up the
gaps in the rame manner as a dead hedge would have done, and the
bait atema soon throw out shoots. If the stems are young, and not
•bore the thickneaa of a finger, an excellent hedge may be thus formed,
wkich, when dipped, will be close and perfectly impervious. But the
work ia generally done in a very injudicious manner. When a hedge
k phMhed which has been long neglected, the thick stems, which are
hacked through, leaving only a amall portion of the imder bark uncut,
have an unsightly appearance, and seldom throw out shoots near the
bottom, where they are most wanted. To plash a young hedge by
merely l>cn<ling the twigi is an exoallent practice ; but wheu the stems
are thick and old, the only remedy is to cut them down, or make an
entirely new bank well planted with quick.
HEIGHTS, MEASUREMENT OF. There are three very distinct

ways by which heights may be measured. The first ia by observation
of the anglea of elevation of objects, supposing their distances to be
Imown, which is explainc<l roughly in worka on trigonometry and men-
Mumtioa, and with more precision in those on geodesy. [Mbssdiution.]Hm aecond serves for the measurement of heights in cases where not
oohr the height of a summit is required, but aUo that of the slope
Mioh leads to it, at different distuices from the summit ; and thia isJw by means of the level. [Levklliso.] The third, which wc
propoM here to describe more particularly, is aooomplisbed by means

r* '"f™"'**'-
[Babometkb.] We may alto refer to a fourth

method, dmending on the diminished temperature at which liquids
boil nnder diminished pressures : for the experimental details of this
method, see Boiuxo or Liquids.
U we aaoend with a barometer through any height, the weight of

the odumn of air which presses on the instrument is diminished, and
the ooooterpoise, namely, the column of mercury under the vacuum,
must diminish likewise ; that in, the mercury must fall. The amount
of this bll deyiendB upon the height in question : and when the relation

between the two is perfectly well ascertained, may lie made the meana
of detsnnining it. If the temperature at the higher and lower station

were the same in all places and at all limes, and if the force of gravitj
were predaely the same at all heists, one formula would serve for aU
timea and for different places, if uie height of tlio barometer remained
always the same at the same height above the sea. In such a caae, one
observation made in London a hundred years ago, combined with one
made at Quito in the present time, would serve to determine the dif-

ference of level between these two plaoes. And even aa it is, the mean
height of the barometer at the two places, when known, could be made
to determine the point. But when only one or two observations can
be made at each place, the differences of temperature, &c., must be
noted and allowed for : and this necessity renders the numerical
operations connected with the solution of the problem more intricate

than they would otherwise be.

If the temperature were unaltered during the ascent, and the force

of gravity also remained uniform, the logarithmi of the atmospheric
pressures corresponding to different altitudes would (fecroue in aiiili

metical proportion as the altitudes themselves incrrase in arithmetir.il

proportion ; that is, the density of the atmosphere (ffcreosu in a
geometric progression, as the heights inereate in an arithmetic progres-

sion. Thus if at altitudes and h the logarithms of the preaaures

were h and k— I, at an altitude 2 h the logarithm of the pressure would
be it— 2/, and so on. And since the height of the bwometer is pro-

portional to the pressure for the time being, this would lead to an
eijuation of the form

t= c (log. k— log. AO

;

where z is the difference of altitudes at two stations, and A and h' the
heights of the mercury at the lower and upper stations.

1 he constant c might he determined either from theory or actual
measurement ; for if h and h' were known in imy one case, and
also z by trigonometrical or other measurement, c might be deter-

mined, and being independent of z. A, and A', would then he known
in all cases. But in truth c is not to bo thus determined, for
though independent of A and A', it varies with temperature, the force

of gravity, &c.

1. If the temperature cither of the Iiigher or lower stations be not
the same in different observations, the multiplier c will be of one value
or another, depending on the temperatures.

2. If the mercury be not of the same temperature at all times, its

specific gravity will vary, so that a given column of it will not represent
the same atmospheric pressure at ail times.

8. If the force of gravity be taken into account, the pressure taken
off by the ascent will be a lai^r proiwrtion of the whole pressura
than was supposed in the investigation of the preceding fcffmula, since
it is taken from the part of the atmosphere where the force of gravity
is greatest. This is independent of iu greater weight as being Uken
from the densest part of the atmosphere. The latter circumstance
has been already taken into account in the formula, and from it

comes the law that the logarithms of the pressures diminish in arith-

metical progression, since the pressures themselves would Himiniali

in arithmetical progression if the density of the air were the same at
all heights.

4. Bessel has recently shown that another correction must be
applied, owing to the modifications produced by the existence of a
humid atmosphere of peculiar habitudes, vilktH the dry or permanently
elastic one. After n|>j)lying all these corrections, the formuln are
determined by the aid of Hulwidiary or hgpnmttrie tables, the best of
which are those by Oelcrus, published in the ' Annuaire Meteorologique,'
for 1849. Those containing alto Beaael's correction are given in the
same work by Plantamour, for 1852.

We now proceed to descrilie two formuke made on slight differences

of hypothesis as to the element of the problem about wliich we know
least, namely, the law of variation of the temperature of the atmosphere.
The first formuLi, which is nearly in the form given by Laplace, is

taken from Poisson's Mech.-mics, and supposes that the air mtermediate
between the higher and lower stations may be treated as if it had
throughout the mean between the temperature of the two stations.

The second, taken from Lindenau's Barometric Tables, is on the sup-
position (which was also made by Eulcr and Oriani) that the tem-
perature of the air diminishes in hannonic progroaaiou tlirougli a series

of heights incruasing in arithmetical progression.

Let A and A' be the heights of the barometer at the lower and upper
stations ; ( and (' the temperatures of the air ; t and T' tliose of the
meroury (ascertained by a thermometer whoso bulb is in the cistern)

;

r the radius of the earth, and A the latitude of the pUce. AU the
temperatures are in degrees of Fahrenheit. Let

\'* 9900

)

T— t'\

9990;

60168

1- 00267 OOS2A

t=c(log. A—log. *).

1 +
t + t'-6i \

900 J
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Then : itself is a ne.ir approximation to the number o£ yards in the

difference of level between the two stations ; but if a more exact one

be required, it may be found by cilculating (using z itself as just

found)

z = c (log. h- log. i- + 2 log. (l + ^)y (l + ^)

When the lower station is at a great distance from the higher

2

on the earth's surface, then five-eighths of - should be used instead

z
of -in the last formula.

r

The second formula, by M. Lindenau, is as follows, the letters

meaning the same things as before; but the degrees are those of

Reaumur's thermometer, and the distances are expressed in tolses.

The toise is 2-1315308 English yards, and a reading of Reaumur is

reduced to one of Fahrenheit by the following formula :

—

9 ,
' 7 Beaum.

Leto=
(

Falir.= 3S

t + t'

1 +

n'=V

400 160000/

T— 10\

4329-6J

t'-10\

x9442;

/ T'-10\

y~ 4329-6/

Then the number of toises in the difference of elevation of the

stations is

c (log. H — log. h').

The formula which has been generally \ised is of the form

(< + ( \
1 + —jj-) (log. h - log. h') ;

and the following are the constants a and h used by the observers

whose names are mentioned, all reduced by M. Lindenau to those values

which they should have when the thermometer is Reaumur's and the

result in toises :—

Ramond a = 9437 i = 400
Trembley a = 9401 h= 361

Roy o = 9388 h = 362-2

Schuckburgh a = 9400 b = 366-6

Deloc a = 9220 6 = 396-4

The preceding are the most exact formula! for computing the heights

requir«i The late Prot Leslie has, however, given the following rule,

as the simplest approxi:nation for all practical purposes :
—" As the

sum of the heights of the mercurial columns is to their difference,

80 is 52,000 to the approximate height in English feet." Lastly, the

most complete accounts of this subject will be found in Schumacher's
' Astronomische Nachrichten,' band xv. ; by Bessel, and in Biot's

' Astronomic Physique,' torn. iiL Prof. Littrow has given in the first

volume of the ' Astronomical Society's Tran.sactions,' a very beautiful

method, which dispenses with the use of logarithms.

HEIR, by the law of England, is he who succeeds by right of blood

to the real property or lauds, tenements, and hereditaments of the

deceased owner, designated Vjy the correlative term of ancestor, not

given away from him by will. The English law which determines

the succession to personal property, when uncontrolled by local custom,

is contained in the statutes of distributions (22 k 23 Chas. II., c, 10;

29 Chas. IL, c. 3 ; and 1 Jac. II., c. 17), which are founded upon the

provisions of the civil law. The persons so entitled are not called

heirs, but next of kin.

The several rules of descent which regulate the right to succeed to

real property spring from the system of feudal tenures, but have been
somewhat modified by the statute of 3 & 4 Wm. IV., c. 106. [Descent;
Entail ; Estate ; Feudal System.]

Heirat-law, or heir-general. Is he who succeeds according to the

ndes explained in the article Descent, where there is no will of his

ancestor and no instrument which determines a special course of de-

scent. Heir-special is he who succeeds in the order pointed out by
some instrument which determines such special course of descent.

[Entail.] Heir-apparent is he whose right of inheritance is inde-

feasUole, provided he outlives his ancestor ; as the eldest son. Heir-
presumptive is he who, if his ancestor should die immediately, would
m the present circumstances be his heir, but whose right of inheritance

may be defeated by the birth of some nearer heir ; the brother or
nephew of a man who has no children is heir-presumptive. Heir by
oxistom is he whose right as heir is determined by certaiu customary
modes of descent, which are attached to the land. [Descent ; Copy-
bold; Oatelkisd.]
The expression " heirs by devise " has also been sometimes used,

though such are not strictly heirs according to the English law ; but

have been so called inaccurately after the heres facta) of the Roman
law.

The rules of the civil law upon the subject long prevailed in Scot-

land, both in principle and practice. But various alterations have

been m-ide in the Scotch Liw of inheritance, and now the different

descriptions of heirs are far more numerous tbau iu either the English

or the Roman law. Heirsat-law are called heirs whatsomever. Heirs-

in-tail, heirs of tailsie, and heii-s of provision differ little iu their nature.

There are also heirs active, heirs by conquest, heirs of line, heirs

passive, heirs male, and heirs portioners, the particular distinctions

between each of whom it is not necessary here to describe. (See Bell's

' Commentaries and Principles,' and Lord Karnes's ' Law Tracts.')

The French law of descent has followed the Roman law, and the

obligations and privileges of the heir are essentially the same as there

prescribed.

In America the English law of descents has been in most instances

rejected, and each state seems to have established rules for itself.

There is no entire information upon this subject ; indeed chief-justice

Reeve in the preface to his ' Treatise on the Law of Descent in

America,' has this strong passage, that the nation " may be said to

have no general law of descents, which probably has not fallen to the

lot of any other civilised country." (Kent's ' Commeutiiries,' lect. 05.)

The term herea in the Roman law h.is a very different signification

from the terra heir in the English law. The Roman term hcreditas

denoted all the rights and obligations of a testator or intestate ; and
the hero, when his title as such Wiis completed, represented the person

of the testator or intestate, and as a consequence succeeded to all his

rights and obligations. A man might by his will appoint one heres or

more, and the property of an intestate might devolve on one hei-es

or more ; but tMs made no difference with respect to their character.

Each person was keres in proportion to his share of the inheritance.

The here) appointed by will was called scriptU3, or factits, or teslamen-

tai-ius; the heres who succeeded iu case of intestacy, ex lege, or ler/itlmus,

that is, appointed by the law, or ab intestate.

An important distinction between heredes as established by the old

Roman law was this, and the distinction w;is the same (so far as it

could be applicable) both in the case of testacy and intestacy. All

persons who were in the power (potestas) of the testator, or intestate,

during his lifetime, such as children not emancipated, and slaves, were
obliged to accept the inheritance with all its burdens ; the inheritance,

in fact, devolved upon them by the will of the testator, and no act of

assent on their part was necessary. Other persons, not in the power of

the testator, were only boimd to undertake the burden of the testator's

debts in case they accepted the inheritance, for which purpose their

express assent was necessary. But by the legisLition of Justinian, the

hert$ in all cases was only answerable for the debts of the testator or

intestate to the amount of property which such testator or intestate

left behind him, of which, however, the hei-es was required to make an
inventory within a certain time. (' Cod.' vi. ;

' Tit.' 30, L 22 ;
' Instit.'

u. 19.)

The discussion of the various rights and duties of the Roman Jieres

scripttu belongs to the subject of wills.

In the case of intestacy, the distribution of the property was analo-

gous to the distribution of an intestate's personal estate by the Englisli

law. The Roman law gave no preference to an eldest son over a
younger, or to a brother over a sister. Emanoipate<l sons, who, by the

strict rule of the civil law, were excluded from the inheritance [Eman-
cipation], were placed by Justinian's legislation on the same footing

as children not emanci [Kited. It is unnecessary here to state more
minutely the rules which regulated the distribution of an intestate's

property. (' Instit.' iii. 1 ;
' Nov.' 118, c. 1, 2, 4.)

It is important to conceive clearly the fundamental notion of the
difference between the Roman lierea and the English heir. The Roman
heres, when his title to the inheritance was completed, represented the
person of the testator or intestate, and so far corresponded to our
executor or administrator. His title to the property, as heres, was
absolute, and derived entirely from him to whose rights and obligations

he succeeded. The English /icir, according to the strict principles of

tenure, derives his title to the land not from his immediate ancestor

as such, but by virtue of his relationship by blood to the person who
acquiretl the land, deduced tlu-ough his immediate ancestor. The con-

sequences which flow from these two different notions of the Roman
heres and English heir are numerous and important. They are well

stated, in a general way, by Mr. Butler in his note on ' Coke-Litt.,'

191 o. The stat. 4 Wm. IV. c. 104, which makes all a deceased person's

estate in land liable to the payment of his debts, has materially affectetl

the ancient right of the English heir.

HEIR-LOOMS are such goods and personal chattels as, contrary to

the nature of chattels, go to the heir by speci.-il custom along with the

inheritance, and not to the executor of the last proprietor. [Chattels.]
They are principally such things as cannot be removed without damage
to the inheritance, as chimney-pieces, fixed tables, &c. Deer in an
authorise<l park, fishes in a pond, deeils, charters, and court-rolls,

together with the chests in which they are contained, are heir-looms.

And so it seems are journals of the House of Lords in the possession of

a peer. By special custom in some places, carriages also and household
implemcnta may be heir-looms.

The termination " loom " is of Saxon origin, in which language it
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ligniiM • limb or mwabMr, ao that aa Wr toam b nothiBg alaa but a

limb or member of the inheritaace. (3 Bl. ' Com.') Chatteu are acme-

Umea direoted by taMaton to go tu the heir, tocather with the inherit-

aaea, aa haii^looma, and though it ii the du^ of the ezecuton to carry

the intention- into eflbot ao fiu- aa tlisy oan, yat the iliTeetioa doea not

aflbct the risfata al oraditon, neither oaa it eOiMitually pnrant the

devolution <a tha <ihattali aceordinK to their real nature.

HKLIACAL (fAiet, tha ana), a tanu appliod to the riaing of a star,

when it takea plaee joat bafota that of the sun. If we auppoae a ator

not very fiur from the ann'a orbit, than aa the aun approoehaa that atar

it will beeome for a aeaaun pennanentiy inviaibla, for it will riae after

the sun, and aet after it aiao, the beavena remaining too light in the

quarter of auuMt to permit the atar to be aeen. But aa aoon aa the

orbttel motian of tha aon haa carried it put the atar, the latter will

begin to riae first, and in proceaa of time will rise go much before the

ana aa to baoame viaible juat befora daylight. In thia caaa it ia said ta

rtaa heliaoally : thua a atar aela heliaoally before ita aeaaon of dis-

appaaianoe, and riaas heliaoally after ita i«i4>peaFanoe. Tha auooeaaive

httjBjol riahiga of stars thua form a continued warning of the seasons,

ad wei« uaed for thia purpoaa among some ancient nations. But
inoe the preceasion of the aquinoxea alowly changes the ofiSces of

different star* with raapect to the seasons, an ancient record of the time

of tha year whan a given star rose heliaoally would enable us to make
a rough gueaa at the number of centuriea et^sed (inoe the time of the

ofaaervation. Upon audi a basis Newton rested a great part of his

system of chronology, taking the deaoriptiona of the neliaoal risings of

stara from Heaiod.

HELIACAL CURRENTS. [ELECTBO-DYNAinos ; Eleotro-Mao-
KETISII.]

HELICIN. [Salictl.]
HEMCOiniN'. [Sai.ioyi,.]

HELIOCKNTItlC (having the sun as oentre), a term applied to the

place of a pUnet, aa seen from the oentre of the sun, in opposition to

its geoeeKtric place, as seen from the oentre of the earth. [Paraxlax.]
UELIOMETER (IjXiot, the "sun," and /u^^v, " measure ") is the

name given by M. Boni^ier to a micrometer invented by himself about
1745, by means of which the diameters of the heavenly bodies may be

measured with considerable accuracy. In Botigiier'a construction the

tube waa of a conical form, and provided with two object-glawee of equal

focal length, which were so adjusted as to admit of being moved in a

direction transverse to the axis of the tube; or the object-glass was
out into two parts through a diameter, these two parts b«ing relatively

moveable. By this contrivance the two images which are formed in

the focus of the eye-glass may be made to diverge, coincide or lap

over each other, by merely varying the diatance ^between the centres

of the object-glaaMs, and this distance is indicated by a grodtuited

scale atUtohed to the tube. When the two images coincide, the

angle subtended by the observed objeota will be equal to that

subtended by the centrea of the object ghtsses, which being known,

the magnitude of the observed object may readily be computed
when ita distance is given, or the distance determined when its

magnitude ia given. As this instrument does not differ in princii>le

from the divided object glass micrometer, the reader ii referred to the

article Uiorombter ; and for further information relative to the in-

vention, aee the ' M^moires de I'Academic Royale des Sciences,' 1748,

p. 11. [BotsonsB, in Bioo. Div.] It is neceasanr, however, to refer

to the noble instrument at Oxford, constructed by M. Repeold, and
placed under the management of Professor Johnson. This heliometer

is mounted as an EguATORiAL, with the hoiu--circle at the top of the

pillar, and the declination circle at one end of the axis, both withhi

reach of the observer. The divided object-glass is 7'S inches in dia-

meter, and has a focal length of lO'S feet It is cut into two semi-

circles by a section along a diameter, and the two pieces are made to

alide along their oommon section by means of micrometer screws, con-

neoted with graduated scales. Rather than attempt to describe this

iaatrument and the valuable work performed by it, which would be
neceasarily imperfect in our limited spiee, we think it best to refer to

the ' Radcliffe Observations' for 1851, in which volume, and the pre-

vions one, the structure and use of the Oxford heliometer are ably

dlsfnsand by Profeasor Johnson. There ia also the celebrated memoir
by Besael m the ' Kdnigsbei^ Obaarvations/ and the dissertation by
Brunow in hi* ' Spiizische Astronomie.'

HELIOS ('HAwi), hi the Greek, 8ol in the Roman, mvthology, the

sun-god, was the son of Hyperion and Theia, or of Hyperion and
Ktuyphaliai. Homer (peaks of Helios as aaeending the sky daily from
Ooeanoa to give light to gods and men, and again deaoending by the

western gate. Later writers enlarge much on the glory of his abode

;

or deaeribe him as sailing during the hours of the night round half the

globe m a vessel of goid, the gift of Hephasstua, and wrought by his

haoda, or softly sleeping on a golden couch. The chariot of Helioa waa a
qoadriga ; his horses fed upon herbage growing in the blissful isles. By
Homer, Hdios is spoken of aa seeing all that is done by men and gods,

and hanoe he waa able to give notice to Demeter of the abduction of her

daughter Persephone, and to warn Hephasstus of Aphrodite's infidelity.

His flooka were kept in the sacre<l isle of Thrinacia, in Sicily. Temples
appear to have been erected to Helioa in many part* of Oreece ; bulls,

horses, goats, rams, and other animaU, usually white, were sacrificed

to him. HeUoa was eapecUlly honoured at Rhodes. Representations

of him w«ra engrmvan on the ooina, both full-faced and in profile,

sorrounded with rays of light, or having (treaming ray-like hair. The
fanoua Colossus of Rhodes was a statue of Helios, 70 cubits hi(^ In
the later ages Helios was to a great extent confounded with Apollo.
HELIOSCOPE (a Greek term signifying literally " sun-observer ") ia

a kind of telescope, adapted for making observMkioas upon the sun
without the eye being injured by the intense brightness of the solsr
raya. Dr. Hooke wrote a treatise in 1742 expressly on the subjeet of
helioaoopes, wherein he recommends four reflecting-glaaaea to be ao
plaoad within the tube of the teleaoope that the s<^ ram may sttflbr

four reflections before they strike the eye ; and thus, he observes, thair
intensity will be reduced to the 256th part of their original intensity.

HevcUuB and other philoeophers preferred the use of coloured gisases,

which is the common practice of the present day ; while Uuygens
merely blackened the iuner side of the eya-g)aas by holding it over the
smoke of a lamp or candle.

HELIOSTAT, aa instrument used for making a soUr beam ap|)ear

stationary, or rather preserve an invariable direction, notwithatanding
the motion of the sun in the heavens. Such an instrument is neces-
sary to persons engaged in tha higher branohaa of optical research, and
its principle rests on that of the EgUATOKiAL. There is a reflecting
surface connected with a polar axis, which is moved by clock-woric at
the rate of the sun's diurnal velocity, so that the ray thus reflected ia

constant in direction : whence the name of the instrument, from l)Aiai

the Sim, and limiiu to stand stiU. Of course the ray thus obtained may
be received by a second mirror, and turned in any required direction.

There is a good description of a heliostat in the second volume of Blot's
' Pr&:ia Elementaire de Physique,' alao in Pouillet's ' Physique,' and
Prick's ' Physikalische Technik.'

HELIOTROPE, an instrument uaed, chiefly abroad, in geodetic
surveys, to enable the surveyor to transmit signals of reflected light

from one station to another, and to, perceive with facility the signals

transmitted. M. Merz, of Munich, is said to have contrived the most
convenient form of this instrument.

HELIX. [ScHKw.]
HELLEBORINE. A vegetable alkaloid of unknown composition

contained in the root of the black hellebore. It resembles mperine.
HELLEBORUS NIQER (Black HeUebore, or Christmas Rose.) The

root of H. Niger is now the officinal one, and it is to be regretted that
many other routs, especially those of Actcea tpieata and Adonu temaiil,
are ofteu intentionally or accidentally sold in its stead. These may be
discriminated by physical characters (particularly the internal sbtio-

ture), and by chemical tests. The activity of hellebore seems to
reside in its resinous matter, for which rectified (not proof ) spirit is the
proper menstruum.

Like moat ranunculaceoiis plants hellebore con occasion rubefaction
and inHammation of any surface with which it is brought in contact

;

when taken iuto the stomach in a moderate dose it gently stimulates
it and the other viscera of the abdomen ; but in large doses it is a fatal

poison. It is a dangerous medicine, and one which is rarely necessary
to have recourse to.

The hellebore of Hippocrates, Dioscoridcs, and other ancient writers,

famous for the cure of insanity, is not the plant mentioned above,
which is a native of southern Gennany, the Apennines, also of Laconia
and Mount Athos. The plant of the ancients is called by Dr. Sib-
thorp, H. officinale, by Decandolle, H. orkntallt; it is found on Mount
Olympus, Helicon, and the island of Anticyra. Ita purgative pro-
perties occasionally rendered it useful in madness.
HELLENENE. [Hkllenin.]
HELLENIN (C,.H,,0,) is a concrete volatile principle, .illied to the

essential oils. It is a solid crystalline body, and is olitiinc-d from the
Inula JUeUnium. With nitric acid it yields nilnheUenin, whilst
anhydrous phosphoric acid converts it iuto a hydrocarbon tuHenent

(C„K)-
HELM WIND. pVtKD.]
HELMET, an ancient armour of defence for the head, still worn by

the officers and soldiers of some of our cavalry regiments. Its original
name was Helm, possibly borrowed from the Latin (of the lower age)
Kelmut. Skinner however derives it from the Anglo-Saxon verb helar,
to hide. " Helm " certainly occurs both in Cwdmon's ' Paraphraae/
and in the Saxon Gospels, as well as in iElfric's ' Glossary.' fftttnH
was probably adopted, in the middle age, from the Italian tlmttto.

As a part of defensive armour the helmet is of high antiquity : some
sort of covering of this description for the head appears to have been
worn by the warriors of every country. Helmets were found even
amon^ the inhabitants of the South Sea Islands when discovered by
Captain Cook. Among the oldest specimens now remaining are pro-
bably the two helmets found on the field of Ciuinas in 1752, preserved
in Sir William Hamilton's collection in the British Museum. Another
ancient helmet, bearing an in.scription, found at Olympia, was pre*
sented to the British Museum by Ring Qeorgo IV.
The form of the Oreek helmet and ita general description may be

collected from various passages of the Oreek writers, from Homer
downwards, and more espeoiaUy from the medals and marblea on which
it is represented. We give the representation of ouc from a terra-cotta
in the Townley Collection in the British Museum, showing the heads
of Athene and Zeus. In tha same collection are others of Athene,
and also one of Pericles. It does not appear that the Qreek or Roman
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helmet usually protected the face. Both the helmets fouud at Cannoe,

however, protected the face, and have projecting nasals. A helmet

found at Pompeii (and now in the collection at Goodrich Court) has
the nasal projection. Lipaius's treatise ' De Militia Romana' (iii., c. 5),

contains a full account of the Roman helmet, with which the reader

may compare the plates and descriptions in the third volume of

Count de Caylus's ' Recueil d'Antiq.' For the helmets in more modem
use, Grose's Treatise ' and Meyrick's ' Critical Account of Ancient
Armour ' must be referred to. Among the varieties which had separate

names we find the Chapelle de P'er, the Bacinet, the Burgonet, the
Castle, the Hufken, the Morion, the S.ilade, and the Skull. These
were almost invariably of steel. There was also the Justing Helmet,
used is tournaments, which was gometimea of leather.

a, Morion ; b, Burgonet ; of the time of Jamca I.

The natal, the rtntailt or moveable front, the 9l»or, lifted up by
pivots, and the bmor, to allow of drinking, were the names of parts
of certain helmets introduced at different periods, and not always
lued.

As ornaments over the shield or coat of arms, helmets are still used
in heraldry. The full-faced helmet with six bars, all of gold, damasked,
is for the sovereign and princes of the blood ; the fnll-faced helmet of
steel for nwrquisea and diikeo; enrls, viscounts, and barons have a
profile or side-standing helmet of steel ornamented with bars; the
full faced hvlmet of steel, with the visor or bevor open, is for baronets
and knights ; the profile helmet, steel, with the visor closed, for an
esquire.

HEMATEIN. [Hem.vtix.]

HKMATIN (C,,H„0,2 + 2 aq.), hematoxylin, the colouring-matter of
the Ilcmalnxi/lon campechianum, or logwoo<l, discovered by Chevreul.
It is preinrcd by evaporating a watery infusion of logwood to drynes-s,

treating the residue with alcohol, filtering the spirituous solution, and
evaporating it to the consistence of a syrup. If a certain quantity of
water bo added to this, and evaporation l>e performed with a gentle
heat, the hematin crystallises, and requires only to be washed with a
little alcohol and dried. Hematin crystallises in small laminie of a
reddish colour. The taste of hematin is at first sweet and astringent,

and afterwards bitter. It is decomposed by heat. VV.iter dissolves
hematin, and the solution is of an orange-red, at 212° Fahr., but
becomes yellow on cooling. Acids saturated with oxygen turn its

colour first to yellow and afterwards to red; the alkalies in small
quantity render hematin parjje, and when in excess violet-blue, and
eventually decom)Kising it, make it yellowish-brown. In contact with
oxygen and alkalies hematin gives htmaUin (C3,H|,0„>, which imites
with two equivalents of ammonia, forming a compound of a fine purple
colour.

This colouring principle Is a constituent part of all the colours pre-
jiared with logwood, and the changes which it imdergoee by the action
of acids and alkalies render it useful as a re-agent to detect their
presence.

HEMATOCRYSTALLIN. A red crystalline albuminous matter
found in blood under certain circiuiietances. It is soluble in acetic
acid, but insoluble in potash. Ammonia dissolves it with the pro-
duction of a peach-blossom colour. It contains, according to Lehmann,

r

Carbon 55.34
B]rdroi^n 7. 12
Nitrogen 17-31
Sulphur -31

HEMATOIDIN (C,.H,NO, ?). A bright orange-red crystalUne body
formed in blood which has effused into the tissue of a living animal.
These crystals are observed from the fourth to the twentieth day after
the hiemorrhage. They are insoluble in water, alcohol, ether, and

acetic acid, but dissolve in ammonia with a bright red tint, which soon
becomes orange-yellow and finally bro^vn.

HEMATOSIN (C„H,,N,OeFe ?), the red colouring-matter of the
blood ; it has not however been obtained in a perfectly pure state,

owing to the difficulty of separating it from other substances, and to
the facility with which it undergoes change : when the coagidum of
blood, which has been drained, is put into water, the colouring-matter
dissolves and forms a fine crimson-coloured solution; this when
exposed to a moderate heat dries and forms a brittle dark red sub-
stance, which is again soluble in water. When it has been acted upon
by heat and alcohol it coagulates, owing to the albumen which it

contains, and it is then insoluble in water, but soluble in potash ; the
red solution is rendered black by carbonic or sulphurous acid, but its

colour is heightened by air on account of the oxygen which the latter
contains ; nitrous oxide renders it piu-ple, and sulphuretted hydrogen
greenish-black.

A peculiarity of hematosin is its containing iron, which does not
occur in other parts of the animal system : when the clot of blood is

decomposed by exposure to heat and air, the residue treated with
hydrochloric acid exhibits by the usual tests the presence of peroxide
of iron, unaccomiianied by phosphoric acid. So also when dried blood
is moistened with a little concentrated sulphuric acid, on the addition
of water a solution is obtained which with ammonia yields a precipitate
of peroxide of iron.

The hematosin of bullocks' blood, but not quite pure, for the
reasons already stated, analysed by Mulder, yielded the following
ingredients :

—

Carbon tt-A9 65'9I
Azote 10'i4 10-54
Hydrogen 5'30 5-37

Oxygen 11-01 11-75

Iron 6-66 698

100-00 100-lS

HEMATOXYLIN. [Hematix.]
HEMERALOPIA, a word which is now used to signify '• night-

blindness," though in fact it means "day-seeing," being similaily
formed to the genuine Qreek word "nyctalopia" (vvKToXairia) , which
means " night-seeing." Much confusion has arisen in regard to the
use of the two words, in consequence of .an error committed either by
Hippocrates or one of his early editors. In the second book of his
' Praedicta,' he says, " We call those nyctalopea who see by night

;

"

but in the fourth and sixth books of his ' Epidemics,' the disease which
he speaks of under a similar term appears to be that in which the
patients are blind at night ; and his translators, Paulus yEgineta,
..€;tiu8, .ind Galen, quote various authorities to show that those only
are properly called nvctalopes who are .effected with night-blindness.
They have been followed by Bontius, Sir G. Blaue, and many naval
surgeons, who apply to the present disease the name of nyctalopia, or
dysopia tenebrarum. Linnsous and Vogel however define nyctalopLi
to be night-vision, and call night-blindness, hemeralopia ; and as their
meanings have been since received by Scarj-a, Lawrence, and all the
chief writers on diseases of the eyes, they will bo adopted here.

Night-blindness is a common disease amongst seamen in the East
and West Indies, the Mediterranean, and in .all hot countries, and
affects in a slighter degiee soldiers and the natives in the same jwrts of
the globe. To persons affected by it, all objects appear at sunset .as if

covered with an ash-coloured veil, which becomes gradually denser,
and at last involves them in complete darkness. In slight cases they
can see by bright candle-light or by moon-light ; but after the disease
has lasted a few days, even the largest objects are invisible after sunset,
and the p.atient8 have to grope their way even where the moon or
candles are shining brightly. The disease will daily increivse in severity
if not judiciously treated, till the sight becomes weak by daylight, and
so disordered that total blindness might be apprehended, though it

very rarely follows. The pupils are generally dilated, and at night
cannot be made to contract even by a brilli.ant light.

The most probable cause of this disaise is the exhaustion of the
retina, produced by the continued glare of a bright sun, either directly
transmitted to it, or reflected from the clear waters of the tropical seas,
or the bright sands of their shores ; a condition of which one niiiy form
an idea from the inability to perceive objects in a dimly lighted room
after leaving one where there was a glare of light. In many cases it is

connected with a disordered condition of the digestive organs, and in
others with sciu-vy.

The disease will generally get well, though it may exist for weeks or
months. The most successful treatment is the repeated application of
small blisters to the temples. Mr. Bampfield cured by this means
upwards of 300 cases. This treatment never failed ; but in some
instances its effects were accelerated by the administration of purga-
tives and other medicines adapted for the coincident symptoms of
scurvy or of disordered digestion. The best description of the disease
is in Mr. Bampfielil's ' Essay on Hemeralopia,' in the 5th vol. of the
' Mcdico-Chirurgical Transactions.'

Nyctalopia, night-vision, or day-blindness, probably never occurs as
a separate disease. It is often a symptom of scrofulous ophthalmia and
other diseases where the eye is so irritable that the stimulus of day-
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light cannot be borna, aa well aa of thoae oondition* in whidi great

dilatation of the pupil ia reauiaite (or riaion.aa in oommencing cataract,

or opacity of the oentre of the lena or it* capaule.

HBMIO-FIA (from Vf> "half," and S^, "the eye") U a diaeaso in

which the patient aeea only a part of the object he looka at ; the middle

of it, or ita cinminferenoe,or tta upper orlower part, or more oonummly
one lateral half, being oompletely obacnred. In aome caaea it arises

from a partial mechanical oMtruotion to Tision, aa when part of the

ttaomrent tiaaoea of the eye become opaque, or when the upper eye-

lid blla over half the pupil. But more frequently it ia thereaiUt of a

morbid and partial inaenaibility of the retina, produced by the excesaive

atimtdua of a bright light, and wiU oeaae after a night'a rest ; aome-

timea it ia a consequence of diaordered digeetiou; and aometimeaa
symptom of commencing amaurosia, or gutta aerena, and terminatea in

ocinpleta blindness.

A very interesting account of this diseaae is given in the ' Philo-

aophical Transactions,' for 1824, by Dr. Wollaston, who himself

Buffered from it on two occasions. He endeavoured to explain it by
the semi^decuasation of the optic nerves [Eye] ; and it ia remarkable

that the appearancea found in liis brain after deatli were such as on
that theory might have been anticinited. But in a large proportion of

the caaea the affection is too transient to admit of the supposition of

any organic disease.

HEMIPINIC ACID (C„H,„0„ + 4 aq.) is formed by the higher

oxidisement of opianic acid, one equivalent of which, by the addition

of two equivalents of oxygen, gives rise to one eciuivalent of bemipinic

acid ; this addition ia effected by heating cither opianic acid or uarcotine

with dilute sulphuric acid and binoxide of lead, care being taken not

to decompose the bemipinic acid as it is formed.

Hemipinic acid crystallises in colourless quadrilateral prisms. The
crystals contain four equivalents of water, which are expelled below
212° Fahr. It has a slight taste, is soluble in water, melts in 356°,

and sublimes like benzoic acid in shining lamina!. It is bibasic, and
forms with ammonia a readily soluble and crystalline salt ; with oxide

of silver it forms an insoluble, white, pulverulent powder, the com-
position of which is represented by C„H,0^ 2AgO.
HEMIPLKOIA. [Apoplexy.]
HEMISPHERE. [Sphkbe.]
HEMITOKE, an mterval m ancient mosic, the t»tio of which

HEMP. [LrsEN.]

HENDECAGON, a 6gure of eleven sides. For the regular hende-

cagon see Regular Fioures.
HEPATITIS. [Liver, Diseases of the.]

HEPH.£STUS (VH^iTToi) of the Greeks, Vulcdnus of the Romans,
the god of fire, especially so far as it manifests itself as one of the

elementary powers of nature in volcanic districts, and so far as it is

an iudiapensable means for the working in metal and prosecuting the

pursuits of industry in generaL According to Homer, Hephiastua

was the son of Zeus and Hera, and was from his birth so weakly and
ugly, that his mother, wishing to get rid of him, dropped him from
Olympus. But Thetis and Eurynome, two marine divinities, received

him falling, and with them he dwelled concealed for nine years, during

which period he made various beautiful ornaments for the two god-

desses. Whenever he remembered the cruel act of his mother, he felt

indignant at her shameful treatment, and it was in revenge of this act

that he made the golden chair, from which, when she sat in it, she was
unable to rise, and from which he would not release her until Dionysus
interceded for her ; but otherwise he was kind and obedient to her,

and on one occasion when he took her part againxt his father, Zeus

seized him by the foot and hurled him from Oljnnpus. He fell for

a whole day, and came down on the island of Lemnos, where ho was
kindly received by the Sintians. He afterwards returned to Olympus,
where he inhaliitwl a jalaoe built by himself, and wliich " immortal,

starry, brazen," outvied the abodes of the other immortals (' iV iviii).

Here he had his workshop with its anvil and twenty Ijcllows which
worked at his bidding, and he produced the most exquisite specimens

of art both for gods and men. His wife is called in the ' Iliad ' Charis,

but in the ' Odyssey ' it is Aphrodite, who however is faithless to him.

She favoured Ares, and Hepha»tus being informed of it by HeUos
(the Sun), canght the lovers together in a net, and called all Uie

Hoda together to witness the spectacle. At the request of Poseidon,

however, he liberated them. In the Trojan war Hej^uestus sided

with the Greeks, thou^ he had a temple and priests at Troy also.

This is an outline of the story of Heplucstus, as fiu- as it can be
gathered from the Homeric poems. Other traditions mentioned by
later writen state that he had no father, and that he was bom of

Hera without her having bod any connection with a god or male
bring, in the same manner aa Zeus gave birth to Athene. Others
called Heplucstus a son of Talus, Coelus, Nilus, or Menanus, but these

are foreign traditions tranafeired into Greece. Some legends describe

Hephaatus as having become lame from Ida fall from Olympus upon
the island of Lemnos, whereaa according to Homer he was weak and
lame from his birth. According to Virgil and other Latin writers,

Vidcan docM nut produce hia wonderful works of art aliine, but is

aasisted by the Cyclopea, and his worksliop is not in Olympus, but in

some volcanic iaUnd. His favourite island was Lemnos, but other

volcanic ialanda also, such as Lipara, Hien, Imbroa, and Mount .£tna

'n Sicily, are described as placea in which he lived and worked.
The ancient epic poets abound in deactiptions of wondrous works of

art said to have been made by Hephastus. Like Athene, he is the
divinity that gives aUll to mortals, and teaches them the arte which
gladden and adorn human life. That both divinities w«e looked upon
as somewhat akin to each other, is clear not onW from several legends,
but also from the fact that at Athens they had common festivals and
templea. The festivals celebrated at Athens in his honour were
Hepoaestia and Chalcia, the former of which was particularly splendid
on account of the torch races (lampadephoria).
The worship of Hepluestus seems to belong to the oldest religious

institutions of the ancient world, and tmdoubtedly arose from the
worship of fire, so common among uncivilised nations and in the East.

Later poets therefore, in applying the name of Hephtestua or Vulcan
to fire in general, returned in some manner to the original idea of the
god. In Samothrace, where remnants of the ancient Pelasgian religion

continued to exist long after the introduction of the Hellenic religion

into Greece, Hephscstus was the first among the Cabiri. In Etruria
he was one of the twelve great national gods ; and we find his worship
established at Rome from the earliest times. A temple of Vulcan,
situated close by the Comitium, is mentioned as early as the reign of

Romulus and Tatius, and from the stories and rites connected with
his worship at Rome, we must infer that his temple was viewed in a
similar light to that of Vesta, that is, as a place of union, or the central
point of the state.

The Komacalia (from fomacc, a furnace), which festival was cele-

brated at Rome on the 1 7th of February, was probably an ancient
festival of Vulcan ; his great festival, however, which was celebrated
every year on the 23rd of August, with games in the Circus Flaminius,
was in later times the great festival of the god. The Romans often
dedicated to him the arms taken from an enemy : they were piled up
and burnt. The Romans frequentiy designate Vulcan by the name
Mulciber, which seems to have been given to him aa a propitiating

name, tliat he might not destroy the habitations and pro|jerty of men
by fire, but that he might be a beneficent and mild god, using hia
powers only to serve the human race. Hepluestus was not unfire-

quently represented in works of art, the most ancient of which seem
to have been the dwarfish figures which were placed in private houses
near the hearth, 'Wlien art had reached a maturer state, he was
represented aa a man of full growth,—at first as of youthful form,
later as a bearded and vigorous man. His most celebrated statue was
that by Alcamenes at Athens, representing the god in a standing
position, and slightiy indicating his lameness. On vases and gems ho
is frequcnUy figured in connection with Aphrodite ; as revenging him-
self on Ares ; working in his smithy, Ac. Hia attributes are the in-

struments of the art of working in metal, as the hammer and the like,

the Saraothracian oval cap, and the chiton which leaves the right

shoulder and arm uncovenid.

(Jacobi, Jlandwdrtcrbuch dcr Griechitch. und Som, Mi/thologie, under
' Heplucstus; ' Hartung, Die Rdigion der SSmer, ii., p. 106, 4c ; Hirt,

Mythologitcha BilderbHch, ^, 42, &c,; Miiller, Archdotogie der Kunil,
§§ 366-8.)

HEPTAGON, a figure of seven sides. For the regular heptagon, see
Reodlar Figures.
HEPTYLENE. [CEnanthylene.]
HERA ("Hpa) one of the twelve deities of the Greek Olympus, the

Juno of the Roman Mythology, w.is the eldest daughter of Kronos and
lihea, the sister and wife of Zeus, the goddess of marriage and child-

birth, and the protectress of married women. Her worship was of very
great antiquity at Argos and throughout the whole of the Pelopon-
nesus. The Samians, as well as the Spartans, are supposed to have
derived their knowledge of this deity from Argos (' Paus.,' iii. 13 ; vii.

4) ; and the same is said to have been the case with the inhabitants of
Epidaurus, j'Egina, and Byzantium (Muller's ' Dorians,' i., p. 410, Eug.
transl.). Her name also occurs in the early mythology of Corinth.
Although inferior in ]>ower to Zeus, Hera was treated >vith equal

honour by the other Olympian deities. The Homeric poems contain
but littie of the mius of strange fiction attached to her in later times.

She is represented in the ' Iliad ' as jealous, obstinate, quarrelsome,
and revengeful. Her disputes with her husband form a subject of
frequent rraerence. At one time she even conspiru<l with Athene and
Poseidon to seize and bind the cloud-(Uspeller, but Thetis gave him
warning, and with the aid of Briareus freed liim from his bonds. (' IL'

i. 899.) It was then, jjerhaps, that Zeus inflicted on her the punish-
ment he recals to her memoiy when angry with her for interfering

against Hector and the Trojans ; that, namely, of hanging her aloft iu

wo sky, with her hands manacled, and two anvils fastenwl to her feet.

(' II.,' XV. 17, &c.) Hera seems ijways afterwards to have had a due
dread of openly braving the anger of the father of the gods ; but she was
not afraid to gain her ends, however opposed to his, by subtlety, of

which Homer records several instances. One of the most celebrated

of her contrivances was the borrowing the cestus of Aphrodite, in order
to stimulate the love of Zeus. (' II.,' xiv.) But though Homer speaks
much of the differences between them, he also shows that Zeus con-

fid«<l his inmost purpoaes to liis wife, and that she always reckons on
his confidence. The well-known story of her contention for the prize

of beauty n-ith Aphrodite and Athene was told to account for her
active interference against the Trojans.
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The marriage of Zeus and Hera forms a prominent feature in the
worship of this godde.ss. As a truly married wife, and the ^vife of the
greatest of the gods, Hera became the goddess of marriage and the
married state. She was frequently represented veiled as a bride, and
carried in processions, like a bride, on a car. By Zeus she had three

children. Ares, Hephaistus, and Hebe.
The two most celebrated temples of Hera were at Argos and Samos

;

the latter was the largest temple with which Herodotus was acquainted.
(' Herod.,' iii. 60.) The Samians themselves denied that their know-
ledge of this deity was derived from Argos, and asserted that she was
bom in Samos. (' Paus.,' vii. 4.) In many places she was associated
in worship with Zeus.

Juno was worshipped at Rome with the epithets Pronulia, as pre-

siding over marriage ; Lucina, as bringing children to the light ; Rerjina,

as queen of heaven ; and Mfmtta^ as the wamer, to whom a temple
was erecte<l on the spot where the house of Manlius Capitolinus stood.
(' Liv.,' vii. 28.) The origin of the name Moneta m given by Cicero
in his 'De Divinatione," (i. 45). She was also styled Yirginalii

and Matrona ; and the general festival held on the Ist of March
in honour of her, and in which all women took part, was termed
Matronalia.

The Greek artists, in accordance with the descriptions of the poets,

represented Hera as a fully developed matron, yet as one who bathes
in the fountain of virginity ; of a perfectly beautiful form and features,

but with pride and sternness as well as majesty marked on the counte-
nance. The eyes are large (agreeing with Homer's frequent epithet,
" Hera large-eyed, majestic ") ; the forehead fair and open, .ind with
the braided hair brought down obliquely on either side. She is usually
represented with a (Uadem (stephane), and often wears a veil Her
dress consists of a chiton and himation, the former of which leaves
only her neck and arms bare. She often carries a sceptre, sometimes
surmounted with a cuckoo ; and is accompanied by her favourite bird
the peacock. The famous chryselephantine colossal seated statue of
Hera, in her temple at the foot of Mount Euboea, in Argos, of which
Polycletus was the sculptor, appears to have served as the type of
the goddess for subsequent artists. There are few Greek statues
remaining of the goddess of much importance ; busts are numerous ;

Bast of Hera from the British Hoseum.

we give a cut of a very beautiful one from the British Museum (First

Qneco-Roman Saloon). Representations of her on vases, gems, &c.,

are very numerous. The artistic idea of the Roman Juno followed
close that of the Greek Hera.
HERACLES (in I^atin, Uercula), the most celebrated hero of

Greek mythology, was the offspring of Zeus by Alcmene, daughter of
Electryon, a son of Perseus, and king of Mycentc. His reputed father

was Amphitryon (son of Alcxus, another of the children of Perseus),
who having accidentally killed his father-in-law Electryon, was com-
pelled to leave Mycentc, and take refuge in Thebes. Here Hercules
was bom and educated, and here his early feats of strength and valour
were done ; such as slaying the lion of Citbxron, delivering Thebes
from the tribute to Erginus, king of Orchomenos, and taking in

marriage the daughter of Creon. Most of his adventures were either

immediately or remotely the result of the untiring hatred with which
he was pursued by Hera. Even his famous twelve labours were the

consequence of a sort of compromise enteretl into with Hera by Ze»»,
\uB constant protector, that he should undertake twelve great ta.tks

which Eurystheus, as his master, should think fit to impose, the con-

dition being that if he succeeded in them he should be raised to a place

among the immortals in Olympus.
Being thus fated to serve Eurystheus, king of Mycena;, he performed

what are called bis labours, in obedience to the commands of his

master. They are to well known that we need only enumerate them :

—

the first was, to bring the skin of the Nemean lion ; the second, to
destroy the Hydra; the third, to catch the hind of Artemis; the
fourth, to bring to Eurystheus the Erymanthian boar alive ; the fifth,

to cleanse the stables of Augeas ; the sixth, to drive away the water-
fowl of bke Stymphalis ; the seventh, to fetch the Cretan bull ; the
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eighth, to bring to Myoenjc the mares of Diomedes ; the ninth, to
obtain the girdle of Hippolyta, queen of the Amazons ; the tenth, to
bring the oxen of Geryon from the island of Erytheia ; the eleventh, to

bring the apples of the Hesperides ; the twelfth, to conduct Cerberus
from the under world. Almost innumerable other exploits were per-

formed by him, such as the taking of Troy ; the woimding of Hera

;

the conquest of the gigantes, &c., which are all related by the mytho-
logists, Apollodorus, and others. But we cannot stay to relate them,
as our object is rather to point out the classes to which these traditions

belong, than to supply information which can be readily and much
more suitably obtained elsewhere.

It will be enough to mention the manner of his death. Having to

cross the river Euenus, Heracles swam over, leaving his wife to be
ferried across by the centaur Nessus. But Nessiis faithlessly attempted
to ravish Deianeira, and Heracles turning back shot an arrow through
his heart. The dying centaur bade Deianeira take some of his blood
as a means for preserving the love of her husband. Afterwards when
Heracles had been held long entranced with the charms of Oniphale,

and then leaving her went in quest of lole, with whom he had become
enamoured, Deianeira, fearing the entire loss of his affections, sent him
a garment which she had steeped in the blood of Nessus. But the
poison from the arrow of Heracles had contaminated the blood, and
when the hero put on the garment he was seized with such terrible

pains in every part of his body that, unable to bear the agony or to rid

himself of the garment which clung to his flesh, he raised a lofty

pile of wood on the summit of Mount QJta, and having com-
manded the shepherd Ptt>as to set fire t>i it, he placed himself on
the top. Then Zeus caused a cloud to descend from heaven and
amidst the pealing thunder, and flashing Ughtning, the hero was
conveyed to Olympus.

There are then three distinct kinds of tradition relating to Heracles

;

the first consisting of stories drawn from some eastern or other
religion, and applied to the Theban hero. Such are his wanderings
round the coasts of Greece, which exhibit in a mythical form the
establishment of the worship of a wandering god of the Phccnicians.

Such also is his voluntary death on Mount Qita ; and, according to

Muller (' Dorians,' i. 444), his murdering his children. Another, and
the second class of traditions, are those which represent him performing

labours such as would naturally be those of a young community..

(Pausan., viii. 14.) A third class exhibits him in the light of a con-

queror and destroyer of tyrants, and here the awkwardness of ascribing

Uie deeds of the Peloponnesiau hero to the Theban Heracles is most
striking ; for while on the one hand he is serving Eurystheus as a

slave, on the other he appears as one who forms alliances and disposes

of kingdoms.
The legends of Heracles perhaps afford a better instance than those

of any other hero or god, except Apollo, of the various sources from
which mythical accounts spring.

Heracles was worshipped throughout Greece both as a god and a
hero. His special oracle was at Bura in Achaia, the seat of the oldest

of his temples. Bulls, boars, and rams were sacrificed, and hot springs

were sacred to him. Women were not allowed to participate in

his worship. At Rome there were two temples dedicated to

Hercules.

Representations of Heracles are extremely numerous of almost
every period of Greek and Oncco-Roman art. In the archaic period

the hero was clothed, and armed with spear and buckler, bow or sword ;

later, his only covering is the skin of the Nemsean lion, his weapon the
huge club with which he killed the lion. Alw^ys he is figured as of

enormous strength, with broad shoulders, large limbs, and muscles
extremely developed. His person is noble, his countenance grave and

Bust of Heracles from the British Museum.

earnest. The famous Famese Hercules is the most celebrated ancient

sfjitue of the hero which has come down to us. It is inscribed with
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o( (ilfonn. and apiwara t*> bo it copy of the Hendea of

l^yaiitptu : the hmo i» leaning on Ium club, mkI liolds in hi* lianda the

applta of th* HeipsridM ; the bead of thia atatue ia, bowerer, • modem
raatantioa, beiiig eopied from the roagniSoent ooloaaal head now in

the Britiah Muaaum (Third UnBoo-Roman Bakwn). Bexidea the many
atatoMand buata of Henclea, in which he ia figured from youth to age,

than exiat rapraaaotrtiona of him engaged in one or other of almoat all

tha adTantufea related of him, from hia Urth to the pyre on CEta, in

hfonaa and marble, groupa and relievi ; on Taaea, wall pointinga, coinn,

gama, ke, W« give cuta of a email bronae atatue and the bust jiut

mentioned ; both the originala are in Uie Britiah Muaeiim. The bronze,

which ia in all 8 feet 6 inobea high, the figure of the hero being 2 feet

6 inohaa high, waa foumi in 1775, at Jebel, the aite of the ancient

Bybjkw, on the ooaat of Syria; it appears to be of the aohool of

Lyaippna, and may poaaibly he a work of the master himaelf.

Bronu butue of lleracles.

The head, which ia of ooloand aiae, waa dug up from under the lava

at the foot of Mount VeeuTius, and preaented to the Britinb Museum
by Sir William Hamilton.

(MUller'a Doriunt, and the author* whom he quotes ; Prolegomena ;

Ar^aBlogie der Kutut, and DtHkmiUer dtr AUen Kuvtl ; Buttmann's
MylMcgiu ; and ThirlwaU's and Qrote's HuUiria of Greece.)

HEBACLrD,£, the deaoendanta of Heraolea. According to tradition,
after the death of Heiaelea hia children took refuge in Attica, in order
to eacape the petaecution of Eutyathetu. They were hospitably received
by Thaaeua, and with the aanatatioe of the Athenians <lefeated Rnryn-
thena. After the battle, the Heraclida; are mid to have obtained
poeaeasion of the whole of Peloponnesus ; but they had not remained
in the country long before a pestilence again drove them back to
Attica. They attempted soon afterwards to march again into Pelo-
ponnesus, but were met at the Isthmus by an army conxisting of
Arcadians, lonians, and Achseans. In a single battle with K:chemus,
king of Tegea, Hyllus, the eldest eon of Heracles, was slain, and the
Heraohdai promiae<l not to invade Peloponnesus for a hundred years
from that time. (Herod.,ix. 26; Patisan., i. 41.) They did not, how-
over, obaerve their engagement ; for boUi Cleodasua, son of flylliis, and
his grandson Ariatomachns, renewed the attempt, but without success.
The HetacUdts ratnatad to Doris, where they obtained a considorable
army to aaaist them in the reooverj- of their dominions. With the
aid of an iGtolian chief n.iinrd Oiylus. they crossed from Naupactus
to the aouthoni side of the Coriuthi.-m Oulf eighty yeors after the

Trojan war. (Thuoyd., i. 12.) A battle took place bataraea the
Dorians under tlio command of the sons of AristomadliU and the
I'eloponnesians under that of Tiaamenus, the grandaon of AgamannMi,
in whidt the latter wei« defeated, and all Pdoponneaua, ezoept Areadia
and Aohoia, fell into the hands of the Haraolioa. Elia waa aaaigned to

Oxylus, and the rejit of the Peloponnasna waa divided between the

three sona of Anist<imacbus ; Temenua obtained poaaesaion of Argos,

Cresnhontes of Messenia, and Aristodemus, or his sons Eurysthenea

and nt)oles (for, according to the general tradition, Aristodemus did

not live to enter Peloponnesus), of Lacedtemon. The land of the

conquered country was divided among the Dorians, and the old

inbabitanta were obliged to emigrate, or were reduced to an inferior

caate. (Pausaa, ii. 18 ; iii. 1 ; iv. 3.)

Such ia the traditional account of that important event in Qreciaa

history, usually called " the return of the Heraclidm," by which the

Ooriaos obtained possession of the greater part of the Peloponnesus.

It ia asserted by the universal tradition of antiquity that the Doriana

were led to this conquest by Achaian chiefs ; but this fact has baaii

doubted by many modem writers, who have considered it improbable

that the Dorians should have been commanded by foreign chiefs. It

has been supposed that the Ueraclida: were the hereditary princes of

the Doric race, who were descended from a Dorian Heracles ; and that

the story of the Heraclida being descended from the Aigive Herades,
who performed the commanda of Eurystheus, waa not invented till

after the conquest of the Peloponnesus. (Miiller's ' Dorians,' vol. L,

p. 57, Eng. Transl.) Though the general tradition assigned the com-
plete conquest of Peloponnesus to the sons uf Aristomachua, it

appears probable from other traditions that the greater part of the

Peloponnesus wa."! not reduced by the Dorians till long afterwards.

(Thirlwall's ' Hist, of Greece,' vol. i.)

HERALD, an officer whose duty, during the midiUe ages, waa to

carry challenges or peaceful messages from one sovereign or nobleman
to another, to proclaim peace or war, to lay out the lists in jousts or

tournaments, to be witness of all combats whether general or par-

ticular, and to record in wrriting the names of those who behaved most
valiantly, to number the dead after battle, and specially to suijcrvise aU
matters connected with the bearing of coat-armour, the marshalling o{

processions, and other state ceremonies. His functions were some-
thing like those of the Greek kerux Mpyi), and the Roman PerialU ;

but the origin of the name is much disputed, and the actual date of

the institution uncertain. The word Heraldtus occiirs in the imperial

constitutions of Frederick Barbaroasa, in 1162, about the same time to

which the origin of heraldry is with most reason assigned. The
earliest mention as yet discovered, of a herald in England is in a pell-

roll of the 12th of Edward III. ; but there is little doubt that the

office existed as early at least as the dawn of here<Utary coat-armour.

The English heralds were first incoqwrated by Richard III. [Hkralds'
College.] There are tliree orders or grades of heralds, namely,

kings of or at arms, heralds, and pursuivants. They were anciently

created w^ith much ceremony, and the mode Is curiously detailctl by
Gerard Legh apud Upton. " It is necessary," says he, " that all

estates should have couriers as their messengers for the expedition of

their busiuexs, whose office is to pass and repass on foot, being clad in

their prince's colours ' partetl upright ;' that is to say, half of one

colour and half of another, with the arms of their sovereigns painted

on the boxes in wliich they carried their despatches, and which were
fixed to their girdle on the left side. It was not permitted to them to

bear the arms of their lord in any other manner." " They were
knights," he adds, " in their offices, ibut not nobles, and were called

knights caligate of ,irms, because they wore ' startuppes ' (a sort of

boot or gaiter) to the middle leg." " When they had conducted them-
selves properly in this situation for seven years, they were made
chevaliers of arms, and rode on horseback to deliver their sovereign's

messages, clad in one colour, their garments being only guarded or

trimmed with the colours of their sovereign, mid bearing their boxes

aforc«ai(l, with the arms painted on them, on the left shoulder, 'and

not elsewhere.' " From these runners and riders the three orders of

heralds were supplied, the chevalier of arms, having served another

seven years, being created a pursuivant in the following manner :—The
herald of the province, to whom he was to be pursuivant, we.iring his

coat of arms, took the eandickte by his left hand, holding in his right

a cup of silver, filled with wine and water, and leading him to his

sovereign, in the presence of many witnesses duly summoned for this

purpose, inquired by what name the pursuivant was to lie created

;

and «pon the sovereign's answer proclaimed Ids style accordingly,

pouring some of the wine and water upon his bare head. He then

inveated him with the tabard, or herald's coat, emblaz<>ned with the

arms of the sovereign, but so that the sleeves hung uiwn his breast

and back, and the front and hind parts of the tabard over his arms, in

which curious fashion he was to wear it till he became a herald. Stnitt

has given a representation of the pursuivant so attiretl from the Har-

leian M.S. 2278, without being aware of the distinction. The o.ath of

office won then administered to him, and liistly the sovereign presentetl

him with the silver cup aforesaid. Having once been made |iursuivant,

he might be created a herald, " even tlie next day," which was done by

the principal herald or king of arms leading him in like manner before

the sovereign, but bearing a gilt instead of a silver cup, an<l turning

the ta))anl so that Uic sleeves hung in their proper place over the arms.
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A coUar of SS waa then put about his neck, one S being argent, or

silver, the other sable, or black, alternately, and when he was named,

the prince himself poured the wine and water on his head, and after

the oath was administered gave him the cup as before ; whereupon the

herald cried, "A largess." The kiilgs of arms were created and

solemnly crowned by the sovereigns themselves, and distinguished from

the heralds by richer tabards, the embroidery being on velvet instead

of satin, gilt collars of SS, and coronets composed of a plain circle of

gold surmounted by sixteen strawberry leaves, eight of which are

higher than the rest.

Modem heralds of all classes in the British dominions are now with
some few exceptions, made and appointed by the hereditary earl

marshal, and their fxmctions and privileges are much abridged and
disregarded. The present number in England is fourteen, namely:

four kings of arms—Garter, Clarenceux, Norroy, and Bath ; the second

and third being provincial kings, Clarenceux having power over all

parts of England south of the Trent, and Norroy over all parts north

of it. The fourth is specially attached to the Onler of the Bath, and
is not a member of the College of Arms. Six heralds—Somerset,

Chester, Windsor, Richmond, Lancaster, and York ; and four pur-

suivants—Rouge Dragon, Portcullis, Blue Mantle, and Rouge Croix.

In Scotland there is one king at arms named Lyon ; and in Ireland

one, named Ulster. There is also a king of arms of the order of St.

Michael and St. George in the Ionian Islands. To these regular officers

arc sometimes added, by command of the king to the earl marshal, a

herald or pursuivant extraordinary. Such were the heralds Arundel,

Norfolk, and Mowbray ; and on the occasion of the funeral of the

late King William IV., Mr. Albert Woods, now Lancaster herald, son

of Sir W. Woods, then Clarenceux king of arms, was created pursuivant

extraordinary.

HERALDS' COLLEGE, or COLLEGE OF ARMS, a corporation

founded by Richard IIL in the 6rst year of his reign by a charter dated

the 2nd of March, 1488, in which he gives to the principal officers of

the corporation a house called Colde Arbor, in the parish of All Hallows
the Leas, London. In the first year of the reign of Henry VII. this

house was seized into the king's hands under the Act of Resumption
as the [lersonal property of John Writhe, then garter king of arms

;

and during the reign of that king and of his successor Henry VIII. the

heralds made several unsuccessful attempts by ]>etition to obtain a

restoration of it, or the grant of some other building for their general

use. King Edward VI., in the third year of his reign, by a charter

dated June 4th, confirmed to them all their ancient pri\'Ueges ; and
Philip and Mary, by charter of the 18th of July, 1554, reincorporated
them, and granted to them Derby House, then occupying the site of

the present college on Benet's Hill, near St. Paul's Churchyard. The
old building was destroyed in the great fire of London ; but all the

books, paper!*, kc, were fortunately saved, and removed to the palace

in W> ' .where the heralds held their chapters, &c., until the
coll' lilt. The corporation consists of three kings of arms,

—

GarU;!, t^i.iiviiceux, and Norroy (Bath not being a memlier),—six
heralds, and four pursuivants. [Heiiald.[ The arms of the college

are—argent, a cross gules between four doves rising azure. Crest, on
a ducal coronet. Or, a dove rising azure. Supporters, two lions ram-
pant gardant argent, ducally gorged Or. There is a heralds' college

in Scotland, composed of Lyon king of arms, six heralds, and six

pursuivants.

HERALDRY, the art of arranging and explaining in proiier terms
all that a]>pertain8 to the bearing of coats of arms, badges, and other

hereditary or assumed marks of honour; also the science of mar-
shalling processions and conducting the ceremonies of coronations,

instalments, creations of i>ecrs, funerals, marriages, and all other public

solemnities.

The origin of heraldry, in the first and most commonly imderstood
sense, has been attributed by the general consent of all rational n-riters

on the subject, to the necessity for distinguishing by some outward
sign, amidst the confusion of battle, the principal leaders during the
expeditions for the recovery of the Holy Land. But nothing is abso-

lutely known concerning it beyond the fact that the middle of the

12tli century is the earliest period to which the bearing of heraldic

devices, pro[ierly so called, can be traced, and the commencement of

the 13th, the time about which they became hereditary.
1'he earliest roll of arms of which we have any notice is of the reign

of Henry HI. ; and the reign of Edward I. presents us with the earliest

heraldic document extant. The famous roll of Caerlaveroch, a poem in

old Norman French, rehearses the names and armorial ensigns of all

the barons, knights, 4c., who attended Edward I. at the siege of Caer-
]aver(x;h Castle in 1300. [Banner.] Heraldry is therein first presented
to us as a science. The principal rules and terms of the art were then
in kziatence, and from about that time the latter are continually fomul
in the fabliaux and romances of France and England.
The oldest writer on heraldry whoso work has descended to us is

Nicholas Upton, whose treatise ' De Militari Officio ' was composed in
the ivign of Henry V., and transLitcd in that of his successor by
Juliana Barnes [Bkbnkrs, in Bioo. Div.], in the work known as the
" Boke of St. Alban's." As Upton quotes no earlier authorities, his
definitions and explanations can only be looked upon as assertions

made nearly three hundred years after the origin of the practice, and,
consequently, to be believed or not, according to the discretion of the

reader. In the reign of Richard III. the English heralds were incorpo-

rated and the College of Arms foimded ; and in the following century a

swarm of writers arose both in France and England, each contradicting

the other, and wasting a world of learning and research in the most
absurd and idle controversies.

On the decline of chivalry the study of heraldry became gradually

neglected, and the art, which had formed for centuries a portion of the
education of princes, and occupied the attention of some of the most
learned men in Europe, was abandoned to the coach-painter and the
imdertaker, while kings of arms and pursuivants were looked upon as

mere appendages of state pageantry, their office ridiculed, and their

authority defied.

That the pedantic nonsense of such writers as Morgan, Feme, Mac-
kenzie, &c., coutribute<l to these results, there can be little doubt. A
taste for the critical study of antiquities generally is now, however,
reviving throughout Europe, and the use of heraldry as a key to

history and Iriography is daily becoming more and more acknow-
ledged.

The rules of heraldry, as now practised at the College of Arms, are,

as we have before remarked, comparatively modem, and vary in some
jwints from those observed in France and Germany.

According to the received authorities, there are ten classes of arms,

namely :

—

1. Arms of Dominion, being those which sovereigns bear as annexed
to the territories they govern.

2. Of Pretention, those borne by sovereigns who are not in possession

of the dominions to which such arms belong, but who claim or pretend

to have a right to such possession ; as, for instance, the kings of

England from Edward III. to George III. quartered the arms of

France,

3. Arms of Community, being those of bishoprics, cities, universities,

academies, and other bodies corporate.

4. Of Aesumption, such as are assumed by a man of his proper right

without the grant of his sovereign, or of a king at arms ; as, for instance,

when a man of any degree whatsoever has taken prisoner in lawful war
any gentleman, nobleman, or prince, he may bear the arms of that

prisoner, and transmit them to his heirs for ever.

6. Arms of Patronai/e, such as governors of provinces, lords of

manors, patrons of benefices, &c., add to their family arms, as a token
of their superiority, rights, and jurisdiction.

6. Arms of Succeaxlon, borne by those who inherit certain estates,

manors, &c., either by will, entail, or donation.

7. Anns of A Uiance, such as the issue of heiresses take up to show
their maternal descent.

8. Arms of Adoption, borne by a stranger in bloo<l, with the special

permission of the sovereign, applied for in order to fulfil the will of the

testator who may bequeath certain moneys or estates on condition of

the i>arty's assuming his name and arms.

9. Arms of Concestion, augmentations granted by the sovereign of

I>art of his own ensigns or regalia to such persons as he pleases to
honour therewith.

10. Arms Pata-nal and Hcrtdilnry, such as are transmitted from the
first possessor to his son, grandson, great-grandson, &c. ; thereby form-
ing complete and perfect nobility. The son being a gentleman of

second coat-armour, the grandson a gentleman of blood, and the great-

grandson a gentleman of ancestry.

These several sorts of arms are displayed on shields, or escutcheons,
and on bimners, the ground of either being called the field, and the
figures borne upon it the ordinaries and charges.

The shield, or escutcheon, contains cer-

tain points or locations, namely, a, b, c, >

the chief: A being the dexter or right-

hand chief, B the precise middle chief, and
c the sinister or left-hand chief. D is the

honour point ; E the fess point, being the

exact middle of the shield ; F the norabril

or navel point ; o, ii, i, the dexter, middle,

and sinister base points.

The colours of the e^utchcon, or of its ordinaries and charges, are

five :

—

Red (the heraldic name of which is) . .Gules.
Blue „ „ ... Azme.
Black „ „ . . Sable.

Green „ „ ... Vert.

Purple „ „ . Purpure.

To which must be added, or rather prefixed, yellow and white, which
being ordinarily represented by gold and silver, are called metaU, and
named by heralds, after the French, Or and Argent.

There are also two other colours recognised by heralds, but rarely

seen in English coats of arms, namely, orange, called Tenne, and a dark
blood-red inclining to pjirple, called Sanguine, or Murrey, from mul-
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hanj. TheM ooloun and maUla haTe been niioe the 16th century
•xpraaed in trngmrtagt bv lines koA point* or dote,

the ingenious ides of which is sttributed to an
Italian named Petriincta Thua Or, or pM, is

known by the eseutoheon being filled with small
points or dots.

A rye»l, or nlrtr, by the shield being left perfectly ^
plain.

OuUt, or red, by perpendicular lines from the
top to the bottom of the escutcheon.

Azun, or Um, by horizontal lines.

SahU, or bl<uk, by the two funnor craving each
other.

Vert, or grttn, by diagonal lines from right to left.

Pwrfmrt, or purple, by similar lines from left to
ri^t.

Temne, or orange, by perpendicular lines crossing

lines from right to left

Sanffuine, or murrey, liy tronsTcrae lines from
each side of the shield.

T' "
" .lied by

' il there
'• .^11 .Miiiu i-LTiiti \ iiini^ I'i ' " ii'ioaity ')

<
! sorts of blazoning (by which word is meant,

'i liffaldic terms, the bearings, &c., of a shield or

banner) ; but as all these are now obsolete, we shaU only allude to the

. fact without encimibering our columns by rehearsing them.
There are nine roundlets, or balls, also used in heraldry, the names

of which are sufficient to denote their colour, without particularising

the same, namely :

—

Pellets . Sable.

Oranges . Tenne.
Oujses . Sanguine.

BezaoU . . Or. HurU . . Azure.
PUtes. . Argent

. QiUes.

Pommes . Vert
Torteaux Oolpes . Purple.

To metals and colours must be added Furs,
which, according to some heralds, are of ten diffo-

rent sorts. Those most commonly met with are
however comprised under the names of Ermine and
Vair, the rest being variations of colour and dis-

position. The first is represented in heraldry thus,

the field being white, or argeHi, the spots and tails

Naci, or talU.

The second is represented by figures like little

cups or bells reversed and ranged in lines, thus

:

the colours being, of the field Argent, of the cups
Azure, or vice versA; but where the matter is

doubtful, the metal to possess the field by pre-

eminence.

N.B. If the same figures are found in other

colours, they are no longer to be blazoned or

described as Vair ; but " Vairy, Or, and GuUt" or

nm' be.

The principal variations above mentioned are :

—

' 1. Erminet, the field of which is 8abU, and tiie

spots and tails ArgaU.

2. Srminou, the field Or, the spots and tails

Sable.

3. Pean, the field SaUe, the spots and tails Or.

*.*.*

^J
ki^
i 1 ti
1 1 < 1

J
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whatever else it

4. ErminiUt, the same as Ermine, with the addition of a red hair on
each' side the black (ails.

6. Vair en point is when the point of a cup or

bell is opposite to the base of another. if If9WWW
f f ¥ r
f f f ¥1
f ¥¥¥
¥ ¥

6. Counter Vair, when bells of the same colour

arc placed base to ba«e and point to point. T¥¥f r
I ft ftft I

riff 1

I ft ft ft I

riff'

7. Potent is slaaed aa a fur, but the word signifies

a crutch or a gibbet (Potence, Fr.). It is represented

thus—

8. Polentroanter-potenl, sometimes c.ill«l Vairy

cuppy, is when the crutches arc counter placed;

thus

—

^̂5^
Tlie principal charges or figures expressed on the shield arc called

the Ordinariet ; they are ninein numtier, and styled honourable. They
consist of the Chi^, the Pale, the Bend, the Hend Sinister, the Pest,

the Bar, the CAerros, the Cmn, and the Saltier.
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The Chief U the upper third of the escutcheon,

determined by a horizontal line ; thus

—

The Pale is the middle third of the field when
divided perpendicularly.

Thia ordinary haa two diminutives ; the Pallet being half the width
of the PaU, and the Endorse half that of the Pallet.

The Bend ia formed by two diagonal lines drawn
from the right or dexter chief to the left or sinister

base; thus

—

^i
The Iletid has four diminutives ; the BendUt, the Garter, the Coit,

and the Ribbon.

The Bend Sinister passes from the left to the right xr

of the shield, and has two diminutives, the Searp
and the Baton.

The Fe»t occiipies the middle third of the shield

divided horizontally.

The Bar is similarly formed, but occupies only a
fifth of the shield, and is never borne single.

When the nimiber exceeds five, it is blazoned

Barry of so many pieces, expressing the number
and colour, as Barry of Six, Or, and Oulea.

The Bar has two diminutives ; the Barndet, half the width of the
Bar ; and the Clutet, half that of the Barrulet.

The Chevron is a figure formed like the rafters

which support the roof of a house, and is therefore
sometimes called a Spar, and in German Sparrcn.
It has two diminutives, the Chevronel and the Couple-

clou.

The Crou, as an ordinary, is drawn thus. AH
other sorts of crosses should, in our opinion, come
under the head of common charges, aii tlicy must be
specially described.

The Saltier in the Jiijure yenerall;/ known in

England as St. Andrew's Cross, and is indeed always
CO called by the German heralds, and frequently by
the Scotch.

11
l,-.l»'MI

Eight of these nine honouraijie ordinaries give their names to the
various single lines used in dividing the field of the escutcheon, where
more than one metal or colour is required, such escutcheon being
described as parted per pale, when divided perpendicularly

;
per fets,

when divided horizontally
; per cross, when in four squares

;
per saltier,

when in four triangles; per bend, when diagonally, from right to left;

]>er bend sinister, when in the contrary direction; and per chevron,

when in the shape of that figure. The Chief being itself formed by a
single line, they do not say parted per chief: but when the partition-

line is not straight or even, its peculiarity must be specified iu every
instance : and of crooked lines there are eight recognised by English
heralds, namely :

—

1. Engrailed

2. Invected . . .

3. Wavy
4. Embattled .

5. Nebuly .

6. Raguly

7. Indented .

8. Dancette, limited to three

indentations.

VWWVWWVWWWWAMWWWWW

'a CrossIt is therefore necessary to say ' a Chief engrailed,' or

invected,' or ' Parted per fess, indented,' and so forth.

In addition to the nine honourable ordinaries are to be mentioned
the subordinate ordinaries, the Gyron, the Quarter, the Canton, the
Fret, the Pile, the Orle, the Tressure, the Planches, the Flasques, the

Voiders, and, according to some authorities, the Lozenge, the Fusil,

the Mascle, and the Rustre.

The Gyron is formed thus : and when the shield

is divided per cross and per saltier into eight similar

divisions, it is called Gyronry.

The Quarter is, as its name imports, the fourth

part of the shield, and is always placed in chief.

The Canton is a square figure like the quarter,

but smaller, occupying only a third part of the chief

itself.

The Fret is formed thus : when composeil of -i^

more pieces similarly interlaced, the field is said to

be fretty.

The Pile is formed Uke a wedge, thus : it is some-

times borne in bend, but must then be so described.

The Orle is a sort of border or frame within the «vj

shield.
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The Trewure u commonly luppoiad to be half

the breadth of the Orle, and i$ generally borne
double, and what ia called fletiry and counter-

fleury, a« in the royal achievement of Scotland.

The Flaaohee are formed by two cun'ed Unm
nearly meeting in the centre, thcu :

The Flaaquea may be called the diminutives of

the Planches, and the Voiders the dimintitircs of the

Flaaques, as the only difference is in the quantity of

the HiieU which they occupy.

The Losenge is of the shape of the Diamond in a

playing-card. A shield so divided by diagonal linea

as to form several of such figures is called Lozengy.

The Fusil, called also a Spindle, is longer and
narrower than the Loaenge. A shield so divided by
liaea as to form several of such figures is called

Fuaily ; and if parted per pale and per bend, would
be either Loxengy-bendy or Fusily-bendy, according

to the width of the space between the lines.

The Masde is of the same form as the Lozenge ;

bt|t hollowed out, or, in heraldic term, Voided, so as

form a mere frame of that shape.

The Kustre is a similar figure, but pierced or

voided round, instead of square, thus

:

To these some heralds add the Inescutcheon, which is a small shield

placed in the centre or top point of the cscutchenu ; but this, except
when borne as an escutcheon of pretence, raay, in our opinion, V>e

ranked amongst the common charges, as may also the lozenge, the fueil,

the masclc, and the rustre.

We have next to speak of differences, so called from their being
particular marks borne to distinguish persons of the same family
from one another. While heraldry was arbitrary, the son frequently

assumed arms perfectly difi'erent from those of lus father ; but in the
time of Edwanl I. we find two marks generally considered as family
differences or signs of cadency,—the Border and the Label.

The Border is, as its name denotes, a guard or

edging to the shield, and by the French heralds is

accounted an ordinary. The border should always
be in width one-fifth of the breadth of the Hbicld

itself, and stops when it encounters a chief, a

quarter, or a canton, but passes over all other ordi-

narie*. If the interior line is not plain or even, it

must be described as enifraiUd, invecttd, lus. When
divided into four eqiuil parts, it is called a burder quarUHy. When
divided into small sqimres of difierout colours, it ia called a border
gobonaltd, or ijiibony, or eompony. When in tKO rows of squares, it is

called a border amnter-componi/. When into Ihret rows of squares, it is

called cheeky.

The Label, or File, as it is sometimes called, is a sort of fillet from
which dspend generally three or five lambeauz, or points, thus,

\iSLnjis] \i n 17

It is sometimes however said to have been borne as a common
charge, and is to be found only with one point and with as many as
nine : other authorities consider it always as a differeue. The label of
three points is now alway* used as the difi°ercuce of Uie heir or eldest
•on of the first house.

Label.

For the second son the diflerenoe ia a crMoont

For the third, a mullet, or star of five points

For the fourth, a martlet

For tha fifth, an annulet

For the sixth, a fieur-de-Iys

For the seventh, a rose

For the eighth, a cross moline .

For the ninth, a double quaterfoil • •

These are called the differeuces of the first house ; and by the six
first, the six sons of Thomas Beauchamp, earl of Warwick (temp.
Edward IIL) are distinguished in a window of St Mary's Churx^ at
Warwick.
The children of the second house are distinguished by the first son

bearing a crescent charged with a label : the second, a crescent
charged with a crescent ; the third, a crescent charged with a martlet,
aud so on.

The junior branches of the royal family are however distinguished
by the label only, the Prince of Wales bearing it simply argent, and
the rest differenced by various charges, a practice as ancient as the
reign of Richard IL

In the general term charr/a we comprise all descriptions of figures
borne in cuat-armuur, whether things animate or inanimate, real or
imiiginary, everything in short contained in or placed upon the shield

;

but those we have above-mentioned are to be distinguished from the
common chargei, by which expressions are tmderetood .ill other.

Many of these, such as crosses and crosslets in all their variety,

escalop shells, bez.iut« (the golden coins of Byzantium, or Constanti-
nople), Saracens' heads, &c., were assumed during the Cnisades, or
after the return of the Crusaders, by themselves or their families, in

commemoration of those expeditions. Others, such as beasts, binhi,

fishes, reptiles, trees, flowers, the sun, moun, stars, Ac., were borne
either as tyjies of the peculiar dispositions or qualities, or as denoting
by some similarity of sound in the pronunciation the names of the
bearers. Such have been called with us canting or punning arms, and
by the French amies jmrlaniei. It has been the f.whion with modem
heralds to decry this species of beariug; to account it of rare
occurrence in ancient heraldry, and less honourable where it did occur ;

but recent investigations prove it to luive been one of the most
frequent as well as most ancient dcacriptiona of choirs, and as
worthy of respect as .iny other. It has indeed been suggested that
the bearing frequently gave rise to the surname itself. This is how-
ever a mere conjecture ; but the grants of arms which have been
banded down to us prove incontestably that when sovereigns desired to
express their approlwtion of noble or useful deeds by such distinc-

tions, the name of the person to be honoured was frequently expressed
by the ch.-u-ge, instead of the act he bad performed, which would
never have been the case had it been oonaidered in those days as an
inferior bearing. An acquaintance also with the language of the nation
and time in which the arms were first granted or asstimed, as also of

its pronunciation, is of the greatest importance to this qiie.stion, and
such researches may yet shed much light upon the origin and history

of heraldry. The Cornish family of Qodolphin bear a white eagle ; but
those who are unacquainted with the ancient Cornish language would
be far from guessing that a white eagle was called in that language,
Oodolcan, a very near approach to the name of the bearer. A third
species of allusive bearings is tlmt which designates the place or office

of the individual ; and many chaises appear in the arms of our
nobility derived from ancestors who have held situations of high
honour or great trust under our early monorchs ; and loxtly, a fourth
]x>rtion have been assumed, as Camden has exemplified, in honour of

the feudal lord, or most powerful neighbouring chief, or been conceded
to the bearer by such nobleman as a mark of respect or affection.

The sreet is the next object in point of antiquity to the shield. It
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was the ornament worn upon the helmet, and consequently the helmet
itself was generally represented with it upon the seal of the knight or

nobleman. The crest from Richard IL's time was rarely worn, except

upon the tilting helmet, and then upon a wreath which was generally a

twisted roll of silk of two colours, being those of the family of the

wearer. Beneath this wreath was frequently worn, as a sort of hood
to the helmet, a piece of silk or velvet lined with ermine, which floated

with jagged ends on the (shoulders : these are by the French called

hachemem, and by us mantiings or lambrequins. Supporters are of

later origin, and are supposed to have taken their rise from the fanciful

devices of the early seal-engravers, who filled up the space not occupied

by the shield with all sorts of monsters or natural animals, by way of

ornament. They did not become common till the close of the

fourteenth century, and Henry VIIL was the first monarch who
formally granted supporters to peers of the realm and knights of the

garter and of the bath. No person under the rank of a knight of the

I).ath him a right to supporters, imless by special grant of the sovereign.

Mottoes bad their origin probably in the war-cries of the diiferent

knights. There are several instances however of a motto being borne

in addition to the m rfe guerre.

The badge or device is frequently confounded with the crest ; but it

was altogether independent of the armorial bearings of the family,

although in many instances it became hereditary. It is frequently,

but very incorrectly, placed upon a WTeath.

The arrangement and description of all the above insignia in proper

heraldic order and terms are styled the marshalling and blazoning of

arms.

We shall speak first of blazoning. The verb "to blazon" is

generally derived from the German blasen, to blow or sound a horn or

trumpet, such being usually the practice before proclaiming the style

or arms of any personage on his arrival in the camp, the lists, or the

banqueting hall. The term however was soon applied to the pro-

clamation itself, and finally used as synonymous with description

generally : thus we find in the old book on hunting written by
Jacques de Fouilloux, and presented to Charles IX. of France, the

description of the hare entitle<l ' Le Blason du Liivre.' To spread the

fame or the disgrace of any person was also to blazon it. Favine, in

his ' Thdatre d'Honneur,' says, " Les habitans disent pour bla.sonner

leur ville ;
" and in the Chronicle of Louis I., duke of Bourbon, the

knights of the order of the crown are commanded not to suffer any
person to defame (blazonner et medire) the ladies.

The principal rules of bUzoning are as follows :

—

1. In blazoning a coat the herald begins with the field, noticing the

lines, if any, by which it is divided, the difference of those lines, and
then the colours, next the charges, beginning with the immediate

charge, that is, the one which lieth nearest the field, such aa any
ordinary, and nearest the centre of the field if a common charge, and
lastly, the more remote or inferior charges.

Thus the accompanying coat would be blazoned :

Party per pale, indenlal, azure, and gules ; on a fets

argent, a crescent of the first helacen two mullets sable.
. .

2. All tautology is to be strictly avoided, and the repetition particu-

larly of such words as of, or, and irilh , is considered a great fault. In
the above bl.izon, " a crescent of the first ' is H:ud, in order to avoid the
repetition of the word azure ; so, if it were gules, we should say " a
crescent of the second." For the same reason, when the field is undi-
vided, and the charges, though of more than one description, of only
one colour or metal, it would be blazoned in this way :

" Argent, a
chevron between three mullets sable," by which the chevron is under-
stood to be sable as well as the mullets.

3. It is accoimted by English heralds false heraldry to put metal
upon metal, or colour upon colour ; but instances of such blazoning
frequently occur in foreign arms, particularly in those of German
families. The objection is notwithstanding a sound one, as the charges
should be rendered as distinct as possible, which can only bo done by
adhering to the English rule.

4. When a charge is represented of its natural colour, it is to be
blazoned proper.

5. In blazoning animals, the teeth and claws, or talons, of the
ravenous beasts are called their arms ; and when they are to be repre-
sented of a different colour or metal from that of their bodies, they
must be blazoned as " armed. Or," or " Oules," as the case may be. If

the^tongue is shown the beast is said to be langited of such or such a
colour, as " a Lion, argent, armed and lumjued, nzare." More docile
animals, the stag and deer, for instance, are said to be " attu-ed," and
not " anoed." Beasts of prey are, according to their attitude, blazoned,
Jtampant, Rampant-i/itardanI, Rampant regardant, stalani, passant,
salient, sejant, cnnchant, dormant, naissant, issuanf, combattant, endorsed,
erased, Ac. Stags are said to be trippant, at gaze, &c.

Birds of prey arc also blazoned as "armed" of such a colour, but
such as have no talons are described as " beaked and membered." The
Cock is said to be armed, crested, and jelloped, the latter term referring
to the wattles, or gills.

Birds, according to their attitudes, are blazoned Volant, Displayed,
Preying, &c.

Fish, when placed horizontally, are termed " naiant
;
" when per-

pendicularly, " hauriant ;" when bent (as the dolphin is generally
represented), " embowed ;" if face to face, "respecting each other j" if

back to back, " endorsed."

The sun must be blazoned according to his condition, full, or in his
eclipse. The moon, defined as crescent, increscent, or rfecrescent : the
first being, when represented with the horns upwards; the second,
when the horns point to the dexter or right side of the shield ; and the
third, when to the left or sinister side. If downwards, it is called a
crescent reversed.

The human figure is blazoned either vested or netted. Parts of the
human figure, if cut off, are said to be conped ; if ragged or torn
off, erased. Heads are also blazoned icreathed or banded, as the case

may be.

Flowers are blazoned j'essan(, slipped, seeded, &c.
When the field of an escutcheon is covered with flowers of the same

colour or metal, or any other pittem with flowers or scroll work inter-

mixed, it is said to be diapered ; but when it is filled with flowers,

cros.ses, or any other device of another colour or metal, repeated, as

the French say, sans nombre, it is then blazoned as semie. An animal
so covered with flowers or crosses should be blazoned as powdered.
When the field, charge, or supporter is covered with gouies, or drops,

it is called gutty ; and if of gold or yellow, gutty d'or ; of argent gtUty

d'eau ; of gules, gutty de sang ; of azure, gutty de larmea ; of vert, gutty

de rcrt ; and of sable, gutty de poir. When a bend, fess, or any other
ordinary passes over an animal, the animal is said to be delruised.

When the charge is divided by any of the partition lines, and the
colours of the field are reversed upon it, it is said to be counterchanged.

By marshalling of arms we understand the orderly disposition of

sundry coats, belonging to di.stiuct families, in their proper places

within one shield, by impaling or quartering ; and the joining of en-

signs of honour and dominion with the paternal arms of the bearer, &c.
When a man marries he impales his wife's paternal arms, by placing

them upright on the left side of his own in the same escutcheon, such
impalement being also called arms en baron et femme. If that wife

should be or become an heiress, the husband may bear her arms on au
escutcheon of pretence over his own ; Legh says, however, that this

should not be done till he has begotten an heir of that heiress. In
Scotland the husband frequently quarters the arm.-! of his wife with
his own when she is an heiress. In England this is only doue by the
children of such a marriage. If the mother be no heiress, the children

cannot quarter her coat.

Another mcxle of impalement was by taking only half of each coat,

and joining them in one escutcheon. This was called dimidiation ;

but the practice tuts long fallen into disuse.

The complete escutcheon of a family should never, according to

some authorities, consist of more than six or eight quarterings ; others

admit of sixteen ; and the Germans marshal sometimes twenty and
thirty coats in one shield.

The best mode of marshalling so many is to begin by placing the
arms of the first heiress who married into the family next to the
paternal coat, and next to them the several coats which that heiress

brought in ; then the arms of the second heiress, followed by those
which she brought in, and so on in rotation. When the royal arms
are brought in by any match, it is usual however to give that match
the second quarter next to the paternal coat, and some say it should
even take precedence of that.

The arms of a widow are composed of her husband's and her father's

impaled within a lozenge.

Those of a maid are her father's only, borne in a lozenge also, with-

out any difference, except she be of the royal family, in which case a
distinction is expressly furnished by the heralds for the individual

coat by the command of the sovereign.

If the widow be an heiress, she may wear her paternal coat in an
escutcheon of pretence over that of her husband, the latter however
being in a lozenge, and her daughter, while unmarried, may quarter

her mother's arms with her father's in a lozenge ; but if the mother bo

no heiress, then, says Legh, the daughter has no further right to the

arms of her mother's family, except to set them up pale-ways in her

house to show her descent.

If the husband be a knight of the garter, or of any other order,

the arms of the wife must not be impaled, but placed in a separate

shield.

Such are the principal rules and terms of the science of heraldry

:

for further detail we must refer our readers to the works of Edmonson,
Nisbett, Beny, &c., cautioning them, at the same time, against the

Scylla and Charybdi.s of the heraldic inquirer, the .absurd .and mis-

directed enthusiasm of the champions of the art, and the undeserved

contempt of its depredators. By the latter it has been stigmatised as

" the science of fools with long memories." It should rather be

designated as a science which, proijerly directed, would m.ake fools

wise. It is, we rejiaat, a key to history which may yet unlock stores

of information ; at present its most learned professors have studied

the art itself more than the use which may be made of it. They have

wasted their time and their learning upon idle controversies, and still

more idle speculations. A mysterious signification has been given to
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umAf trtrj <iatg» »ad tincture known in armoiinr, and s different

oa* oj nwriy every writer upon the subject. The names of the

ordinaries and ooloun have been derived from eveiy aort of object and

through every known language, without one fact having been eluci-

dated on which we can depend. Even the word blaKm, the raily one

we have ventured to hint the origin of, has Ijven hotly clainiMl as

Arabic by nooie disputant«, and we will certainly not extend this

article one line by an attempt to disprove it.

HERCULES, one of the old constellations, called irytmrir by
Aiatna, Hyginus, and Ptolemy, and dsMaibed by the first • " a figure

like that of a man in sonow while the second offers various tabular

jgniflimtimit from the storica of Hercules, Orpheus, Cetheua, Theseus,

itamyris, Izkn, Prometheus, kc The club, lion's akin, and character

of Hereolee, are not so old as Aiatus, who describes this figure as

itratfthing his hands to different quarters, and makes an allusion to the

n^riibouring dragon, which shows tliat he was not painting a hero.

Tht OMMtellatioD is situated between Draco, and Bootes, Lyra, and

Ophiodius; but as there is no star in it larger than of the third

magnitude, there is nothing very remarkable about it. The stars a

and $ lie between the bright stars in the he.id of Ophiuchus and in

Oorona Boreidis. The following is a li«t of the principal stars :

—

No. in Catalognt

No. In CaUloime of British

Chaneter. of Flaautecd. AsKieisUoii. Uagnltnde

y 20 6466 3-5

T 22 6463 4

$ 27 6525 2-5

28 6681 4

29 6532 4

S6 6552 4
40 6604 3

44 6617 3

68 6781 3

64 6821 3-5

65 6828 4

67 5834 3-5

76 5886
86 6990
86 6021
91 60S2
92 6084

103 6150
, , 109 6251

HERCULES. [Hkbacxes.]
HEREDITAMENT. [Chattels; Desckkt; Estate.]

HERESY, HERETICS. The word "heresy" (from idptirit, choice)

waa originally used to express any opinion which a man adopted.

Thus it was applied to the pbilofiophic sects of Qreece and Koine.

(Cicero, ' Paradox. Proem.') In the New Testament the term oft«n

simply denotes a religious party, without implying any censure. (Acts,

V. 17 ; IV. 5; xxvi. 6; xxviiL 22.) Josephus calls the three great Jewish

ecta " heraiei.'' (' Antiq. Jud.,' xiii., c. 6, s. 9.) But it is also used in

the New Testament as a term of reproach. Thus it was applied by the

Jews to Christianity (Acts, xxiv. 5, 14), and by the Apostles to those

who resisted their doctrines (1 Cor., xi. 9 ; Gal., v. 20; 2 Pet. ii. 1

;

Tit., iiL 10). The fathers applied the words heray and hentici re-

spectively to opinions which were different from what they considered

the doctrine of the Apostles, and to those who held such opinions,

though some of the fathers draw a distinction between heray as a

wilful rejection of the doctrines of Scripture, and errors arising from
ignorance or weak judgment. 'VS'hen the creed of the church began to

ba settle by ecclfsLuticil councils, all who refused to submit to

their dedsiuns were denounced as heretics. They were also called

heterodox, while tboee who adhered to the opinions of the church were
called orthodox, or eathoHe. Heretics were distinguished from un-

betievers, inasmuch as they professed Christianity. Heresy must not

be confounded with schism : the former relates to doctrine ; the latter

ia any division on points of discipline. The number of heresies men-
tioned by early ecclesiastical writers is from 80 to 160 ; but Lardner
(' Hist, of Heretica,' L 6) has shown that many of these ought to be

excluded from the list ; nor have we any evidence that many of them
had numerous foUoweis.

Most of the heresies of the first two centuries related to the creation

of the world, the origin of evil, the person of Christ, and the connection

between Judaism and Christianity ; and neariy all may be included

under two gvat sects :—1. The Ebionitee and Mawrenes, who, upon
embracing Christianity, adhered to many Jewish opinions and ceremo-

niaa. 2. The Qnostics, who engraftad upon the Christian religion

certain opinions of the Oreek and Oriental philosophy. Some however
reprd the Ebionitee aa a sect of Qnostics. Both these heresiea are

upposed to have oommeDoed in the Apostolic age, and to be referred

to in the writing of St. Paul and St. John. [EBlonris ; QlfoSTlcs.]

The Onoetics appear to have been very early divided among them-
selves ooDoeniing the respect which ought to be paid to the Moaaic

law, and a new sect was formed \jg a Jewish Gnostic named Cerinthus

[CERntTBCs, in Bioo. Dtr.J The Nicolaitons mentioned in the ' Apo

calypse ' (ii. 6, 16) are uppoeed to have been a sect of Qnostics, sad
some identify them with the Cerinthiana. About a.d. 121, Valen-
tinus, an Egyptian, engrafted some opinions of his own upon Onoeti-
cism, and fuun(le<l a new sect. His party waa strongly opposed by
Irenanis and TertuUiau. Another aeot which took its rise from the
opiniona of the Gnostics was that of Cerdo and the more celebrated
Maroiaa, who began to prq)agate their tenets at Borne about a.i>. 130.

The principal feature of this heresy was the adoption of the Oriental
belief in two supreme powen, the one good and the other evil. The
principal followers of Harcion were Lucian, or Leucius, and ApcUas.
About A.o. 172, Bardeeanes and Tatian gave rise to a new sect of
Gnostics, which was chiefly distinguished by the practice of an austere
discipline. These people were caUed, from their habits of abstinenee,

Encratites, (Hydroparastates, and Apotactitea. The Dooetn were a
sect of Qnostics who sprung up verj- early. They held that the body
of Christ was immaterial, and therefore did not suffer on the cross, but
only appeared to die. Several minor sects of Gnostics are mentioned
by ancient writers, such aa the Adamites, the Cainites, the Sethians,

and the Ophians, on account of which is given in Lardner's ' History of

Heretics.' Ivordner doubts the existence of such sects as the Adamites
and Cainites. The sect of Eclectics, or New Platonists, was founded at
Alexandria in the 2nd century ; but though its tenets were embraced
by many Christians, it is rather to be regarded as a philosophical than a
Christian sect [Eclectics.]

We now come to the heresies which existed from a very early age
respecting the divinity of Christ. This doctrine was denied by some
of the Ebionites in the 2nd century. [Ebionites.] About the end of

that century Praxeas founde<l a new sect. Denying the ductriuc of the
Trinity, he held tliat the divine nature was iutiiuately imited with the
person of Christ, whom he considered to be a mere man, but bom of a
virgin. His followers were called Monarchists, from their rejecting the
doctrine of the Trinity ; and Patripossians, because they were sup-

posed to believe that the Father suffered on the cross : this opinion
however they seem to have disclaimed. In the opinions of Praxeas
ecclesiastical historians trace the germ of the Sabellian heresy. His
chief antagonist >vas Tertullian. His opinions were held, wiUi some
slight variations, by his contemporaries Artemun and Theodotus.
Among the heresies of this age respecting the creation of the world
was that of Hermogenes, who believed in the eternity of matter.

The Montanists, who arose in Phrygia about the year 170 (some say

160), are rather to be looked upon as fanatics than heretics. Their
leader Montanus claimed the character of a prophet : he appears to have
differed from the orthodox in no leading doctrine, but only in some
points of discipline. His opinions owe their celebrity chiefly perhaps
to the circumstance that they were embraced by 'Tertullian.

[Tebtullun, in Bioo. Drv.] We find traces of this heresy down to

the time of Augustine and Jerome. Some inconsiderable heresie

arose in the 2nd century on points connected with the rites

and ceremonies of the church, such as the Artotyrites and others,

[CO.MMli.MON.]

In the 3rd century Gnosticism still had adherents, though it Avas

fast falluig into disrepute. But a new heresy arose out of the Oriental

philosophy, headed by Manes, who attempted to unite the doctrines

of the Persian Magi with those of the Apostles. [Manicb^ans.] The
controversy on the Trinity and the person of Christ continued with
increasing warmth. About the middle of the century the doctrines

of Praxeas were revived, with slight variations, by Noetus of Smyrna,
Sabellius, an African bishop, and Beryllus, an Arabian. The last two
were opposed by Dionysius of Alexan(fria and Origen. [Sabelucs, in

Bioo. Drv.] Another heresy relating to the same subject was esta-

blished by Paul of Somosata, bishop of Antioch. A new sect of

Ebionites, or Jewish Christians, appeared about the middle of the 3rd
century, but it lasted only for a short time. They were called Elce-

saitee, from their founder Elxai. The Novatians, followera of

Novatian, a presbyter of Rome, arc reckoned, pcrha}M erroneously,

among the heretics of this century. They held no doctrines different

from those of the Catholic church, but maintained a greater severity

of discipline; and hence they were called Puritans (KoSofoi). By
some historians they are regarded as austere and turbulent fanatics,

while others rank them as the earliest sect of rofonnera in church
discipline.

In the 4th century the attention of the church was chiefly occupied
with the Arinn controversy. [Arius, in ISioo. Div.] Out of these

disputes other heresies arose respecting the gicrson of Christ, such as

that of Apollinaris [Ai-ollinauis, in Bioa, Div.J, Marcollus, Photinus,

and Macedonius. Near the end of this century we find a new sect

of Gnostics in Spain, under the name of Priscillianists. The Donatists,

who caused great commotions in the church during this century, ore

rather to be classed as schismatics than with heretics. [Donatus, in

Bioo. Div.] For an account of certain minor sects in the 4th century,

see Epiphanius, ' De Hairesiis.'

At the beginning of the 5th century the Pelagian controversy arose.

[Pelaouts, in Bioo. Div.] The disputes oonoerning the Trinity and
the person of Christ continued to give rise to new sects, the cmef of

which were the Nestorians and their opponents the Eutychians, or

Monnphysites. [Euttches, in Bioo. Drv.] The controversies of

these sects with the orthcHlox and each other continued nearly 200

years, producing various minor sects, such as the Monothelitos, the



673 HERIOT. HERMES. 674

Anthropomorphites (who maintained, from Genesis, i. 27, that God
had a human shape), and others.

The rapid spread of the monastic system in this century was warmly
resisted by Vigilantius, who thus incurred the enmity of Jerome, and
has been ranked among the heretics.

In the 6th century the Monophysites continued to branch out into

new sects, several of which arose on the question whether the body
of Christ was corruptible or incorruptible. Other minor sects are

mentioned by Mosheim. (' Ecc. Hist.' vol. ii.) After this time most
of the ancient sects remained in existence in different parts of the

Christian world with greater or less -i-igour. The only new sect which
requires a distinct notice is that of the Paulicians, which was formed
in Armenia and Cappadocla in the 7th century. After suffering

severe persecutions they were dispersed over Europe, in various parts

of which they formed settlements about the 11th century. The origin

of the Albigenses is traced to a body of PauUcians which settled in

France. [ALbioenses.] The doctrines of the Paulicians have been
identified by some with those of the Manichscans, while others regard

them as reformers of the corruptions of the church. (Vaughan's
' Life of Wycliffe,' Introd., c. ii.)

Before the Reformation in England heresy was the holding of

opinions contrary to the Catholic faith and the determination of Holy
Church (2 Hen. IV. c. 15). The court in which a man could be con-

victed of heresy at common Liw, was that of the archbishop in a

provincial synod. After conviction the criminal was dehvered up to

the king to do what he pleased mth him. If the criminal had
abjured his heresy and then relapsed, the king in council, upon a

second conviction, might issue the writ De Hicretico comburendo,
upon which the criminal was burnt aUve. One Sawtre, it is said, was
the first man bimit alive for heresy in England, and the writ De
Hajretico comburendo was formed in this case. But the above-men-
tioned statute empowered the diocesan alone, without a synod, to

commit a man for heretical opinions, and to imprison him as long as he
chose, or fine him ; or if he refused to abjure, or after abjuration

relapsed, the sheriff, mayor, or other officer, who should be present, if

required, with the ordinary or liis commissary, when the sentence was
pronounced, was to take the convict and bum him openly, without
waiting for the king's writ.

It is unnece8.sary to mention the statutes of Henry VIII. relating to

heresy. The Reformation was not fully established till the reign of

Elizabeth, the first statute of whose reign repeals all the former enact-

ments, and leaves heresy as it stood at common law. (5 Rep. 23).

There is no statute that determines what heresy is. The statute of

Elizabeth limited it to ' such as heretofore hath been adjudged heresy

'

by the authority of the Scripture or the first four councils. After the

Reformation was fully established, heresy was punished by ecclesiastical

censures, and by burning alive a criminal who had been convicted in a

provincial Byno<l. The writ for burning the heretic could not be
demanded as a matter of right, being left to the discretion of the

crown ; but both Elizabeth and James L, in their discretion, thought
proper to grant the writ. Elizabeth, it is said, biuut alive two an&.

ijaptists, and James two Arians.

The statute 2'J Charles II. c. 9, abolished the writ De Hoeretico

comburendo ; and heresy is now left entirely to the ecclesiastical

courts. As Elizabeth and James practically showed their ajiprobation

of burning heretics aUve, so Lord Coke (3 ' Instit.' c. 5) approves of

the pimishment.
At present the ecclesiastical courts punish for heresy, when they do

punish, pro talute animae, as it is termed—that is, solely out of regard

to the soul of the offender. But it is difficult to say at present what
can be called heresy ; and perhaps it is difficult to say what is exactly

the punishment for it.

Its history in England is instructive, but the change from burning
aUve to the free expression of opinion on religious matters is one of

the greatest steps in the social progress of tlus country. For some
other matters connected with the subject, see BLAsrHEMV. (Blackst.
' Comm.' Mr. Kerr's ed., vol. iv. p. 40.)

HERIOT is a feudal service consisting in a chattel rendered to the
lord on the death of a tenant, and in some places upon alienation of a

tenant. It is stated to have originated in a voluntary gift made by
the dying tenant to his lord and chieftain of his horse and armour,
(tilanvile.) This render became first usual, then compulsory ; and at

an early period we find the ancient military gift sinking into the render
of the best animal (at the election of the lord) possessed by the tenant,

and sometimes a dead chattel, or a commutation in money. (Bracton,

Fleta; Coke-Littleton.)

Heriots are either heriots-ciwtom or heriots-service. Where a heriot

is due from the dying tenant by reason of his filling the character or

rclatfon of lenant within a particular seigniory, honour, manor, or other
district, in which it has been usual from time immemorial to make
such renders upon death or aUenation, it is called heriot-ruttom : heriot-

sen-ice \» a heriot due in respect of the ailate of the tenant in the par-

ticular land held by him.
For heriot-ctistom the lord cannot distrain, because the duty arises

out of the character or relation of tenant sustaine<I by the party within
the seigniory, ftc., in which the custom is found to exist, and not, as

in the case of heriot-service, in respect of the particular land holden.

As the selection of the best animal is however with the lord, he may
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determine his choice by an actual seizure, upon which the property in

the animal will vest in the lord by the mere act of seizing it.

But for heriot-service the loi-d may either seize or distrain. He may
seize, because by this act of selection the property is vested in him

;

or he may distrain, because, the land being the debtor, the lord may,
by the coercion of a distress upon that land, compel the succeeding
tenant to delivef or procure the delivery of the heriot.

Where the heriot service has l^een created since the time of legal

memory, it is called a heriol hy reservation, and sometimes a suit-limot :

if its origin go back beyond the limits of legal memory, it is called'a

heriot by tenure.

Heriot-custom formerly prevailed very extensively in freeliold lands,

but is now more commonly found in lands of customary tenure,

whether copyholds,—the conventionary estates in Cornwall, held under
the duke of Cornwall,—the customary estates called ciistoniari/ freeholds

in the northern border counties,—or lands in ancient demesne.
Heriot-service may be reserved in respect of a freehold, or leasehold,

or a customary tenure ; but as, since the statutes of Quia Emptores
and Prerogativil Regis, it is probable that no new sub-tenures in fee

have been created, and as it has not been usual to reserve heriots upon
gifts in tail, or upon the creation of freehold leases for lives, heriot-

service in modem times is generally found in connection with long
leasehold estates, where, in consequence of some restriction imposed
upon the exercise of the leasing power, or in token of respect for

ancient usages, this species of render has been retained.

Heriots, whether heriots-service or heriots-custom, are multiplied
whenever the land subject thereto becomes divided amongst diflerent

tenants holding distinct parts of such lands in severalty. Where
therefore Land is held subject to a heriot-service to be rendered at the
death of a tenant, if the tenant alien part of the land a distinct heriot

will be due upon the death of both the alienor and the alienee ; and if

such distinct heriots have in fact become due and have been rendered
or compounded for during the alienation (whereby the lord will have
obtained actual seisin of the several heriots), tbe liability to pay such
multiplied heriots will continue, even though all the land should after-

wards be reunited, and vest again in the same person. Inattention to

these rules has caused some strange and contradictory decisions in the
courts of Westminster. (2 Nevile'and Mann, 798.)

A distress for heriot-ser\'ice must be taken upon the land in respect

of the tenure or upon the demise of wliich it is reserved ; and where
double or treble heriot has become payable by reason of alienation, the
liability attaches severally upon each of the severed portions of the
estate. All goods found upon the land, except such as are jirivileged

from distress [Distress], may be taken as a distress for a heriot-

service, whether they belong to the temint or to a stranger, such goods
being held merely as a pledge for the jierformance of the service. But
where a heriot-service is by the terms of the reservation commuted for

a money payment (or raUier, where the reservation of a contingent

money i»yment is improperly designated a heriot), the reservation

will be in substance a rent ; and therefore the distress taken for this

reservation (so miscalled a heriot), if not redeemed by payment, or
replevied within five days after notice, may be sold as a distress for

rent under the provisions of 2 William and Mary, c. 5.

Heriots were known in England before the complete development of

the feudal system which followed upon the Normiin conquest. The
Normans introduced reliefs [Relief] without abolishing the analogous
heriot. The heregeate (heriot) is mentione<l and fixed by the laws of

Canute, 67, &c. The Dano-Saxon ' heregeat ' is derived by Spelman,
and after him by Wilkins, from hcrgc (more properly fiere), army. It

means literally, " war-treivsure," a contribution given to the lord to

enable him to carry on war. Originally it seems to have been a

poetical expression for the horse and armoiir which as before mentioned
were the chattels given in the earliest tunes by way of heriot. In
Scotland, where the render upon the death of the tenant is a pecmiiary

payment, it is called " lord's money," " hergeld," or " herrezeld."

HERM..E, terminal or pillar statues, placed in Greece and Rome at

the meeting of streets and roads, in front of houses, temples, and other

public plivces. They were termed Herma) from the head being usually

that of Hermes. The pillar on which the head was placed was mostly
quadrangular, the whole being the height of a man. Several of these

Herman are in the British Museum. [Terminus.]

HERMES, one of the twelve Olympian deities of the ancient Greeks,

known to the Romans as Mercurius. According to Hesiod (' Theog.,'

942), he was the son of Zeus and Maia, the daughter of Atlas. The
attributes of this deity are numerous and of opposite kinds ; but it

appears probable that he was originally considered to preside over

flocks and herds. Hesiod says (' Theog.,' 441) that the shepherds

address their prayers to him ; for which reason the statues of Hermes
are frequently represented with a ram by his side or on his shoulders.

(' Pausan.,' ii. 3, 4 ; v. 27, 5 ; ix. 22, 2. See also ' Iliad," xix. 490-1.)

The ph.allic form, which distinguished the Hermecat Athens (' Herod.,'

ii. 51), also appears to indicate that this god was considered to increase

the fruitfulness of the fields and cattle. Herodotus informs us (ii. 51)

that tlie Athenians were taught by the Pelosgians this manner of

representing the statues of Hermes ; and that the reasons for this

cxistom are explained in the Samothracian mysteries. Hermes was

represented in a similar manner at CyUene in Elis. (' Pausan.', vi. 26, 3.)

This custom is also spoken of by Cicero (' De Nat. Deor.', ill. 22) and
X X
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Maoubiu* (' Saturn.', i. 10). Aooording to aome traditionc, Hermes is

kid to hare buen bom in Arcadia (' Pausan.', viii. Id, IK an<l to have

bean the father of Pan ; but aooording to another tradition, he was

Iwm at Tamgra in BcBotia. (' Paumn.'. iz. 20, 3.) He was worshipped

by the Theaalian* abora all other deitiea. (' Herod.', t. 7.)

In Homer the nam* ol this deity is usually Hermeiaa. He is

represented as tha mssawigar of SSaus and the gods, and he oondiicta

the souls of the departed to Hades. In later times he was rebutted as

tha god of eloquence ; but this no doubt aroee from the SMOoiatioD of

skill of speeoh with the hoald's office. As god of eloquenoe tongues

of *Tii'i^V' were offered to him. Hermes was the inventor of the

al|ihah«t ; of mimbera ; of music, and of musical instruments, aa the

Irra and the syrinx ; also of weights and measures, and varioua other

tliiiiga. He waa the patron of merchants and of gain, and oven of

thieving—of all things in fact the exerdaeof which required prudence,

cimning, and dexterity. And he waa the protector of travellers,

heralda, poets, musicians, and of those engaged m gymnastic exercises.

All toe aeoounta from Homer downwards, unite in attributing to

him extrone aoutaoesa, and a propensity for thieving. One of bin very

earliest deeds, according to some writers within a few hours of his

birth, waa to steal the oxen of Ap6Uo, from Piciriiv, though others

place it at a later date. Hia later adventures mostly turn on the

exeroiie of his talent in speeoh, his cunning, or his dexterity evinced

in his employment as the messenger of the gods. He also acted att

charioteer and cupbearer to Zeus. He was active, full of bodily

vigour, swift of foot, fertile in resources, cheerful, sensiud.

The statues of Hermes, which were originally square blocks with a

carved head upon them, were placed in the doorways of most private

houses and temples at Athene Thuy were also erected where several

mads mat, to point out the way, .ind in the gymnasia, or public places

of exercise. In early art, Hermes is usually represented with a

chlamya, or cloak ; a petasus, or travelling hat ; talaria, or winged
'«~>«l« ; and a caducous (nipiKtiov in Qreek) or wand, with two serpents

twined about it, in his hantL Originally the kenikion was an olive

branch or staff—Hermes among his many benefits having taught man-
kind the mode of cultivating the oliv& In later examples the chlamys
is much reduced in size ; the petasus is almost always, and the caducous
often, a pair of wings ; and the god holds a' purse in bis hand, or is

frequently represented with the right hand u|ilift<xl as the god of

eloquence. In small works he is figured as p.sycbo|>omi>o8, conveying
souls to Hades, &c. The representations of the deity in ancient works
of art are very numerous, whether as single figures or as a portion of a
group.
The original seat of the worship of this deity appears to have been

Arcadia, whence it spread all over Greece. Temples dedicated to him
were numerous, both in Greece and Rome. The festivals of Hermes
were in Greece called Hermaia, ('EpAUua).

The Egyptian god Tholh was called Hermes by the Greeks. His
attributes correspond in many respects with those of the Grecian

deity. According to Plutarch (' Sympos.' Probl. 3), the Egyjttian

Hermes is 8.iid to have invented letters in Egypt. Acconling to

Diodorus .Siculus, who appears to have coufounde<l tlio .ittributes of

the Egyptian and Grecian deity, he was the inventor of almost all the
arts and sciences : a vast number of works are attributed to him.
HKRMIT, more properly iiVcini<f, from the Greek iprnilritf, signi-

fying an inhabitant of a desert, is the name given to such religious

persona as retired from society without becoming members of any
monaatio commtmity. The distinction between hermits and monks,
and tlu origin of botii, are explained under the term Honacbux. See
also AjrcBOBiT and Ascetic.

HERNIA (from (pros, cmot, a branch), signiflcs the protrusion of

any organ from its natural position in the body ; as hernia cerebri,

hernia pulmonis, when the brain or lung protrudes through an apertiu-e

in the skuU or the chest. But when used alone, this term means
what is commonly called a rupture, that is, the protrusion of any i>or-

tion of the intestinal canal from the cavity of the abdomen.
Hemiic sometimes form without any evident cause, the intestine

being gradually protruded ; but more frequently they result from Home
violent bodily exertion, aa Ufting heavy weights, excessive coughing or

training ; or from sudden jarrings or shocks, as in jumping or falling ;

or from blows on the abdomen.
The general charactera distinguishing a hernia are, a tumour, neither

red nor hot, and often not painful, situated at some part of the abdo-

men, moat frequently in or near the groin ; largest when the patient

stands up, and often disanteoring entirely when he lio* down ; iliHtended

by coughing or other Ttolant expiration, and li.tble to variation in sizo

by exercise or rest, by abstinence or taking food ; often prixlucing

djaordors of the digestive canal, as flatulency, coUo, &o. In the cases in

which the hernia forms suddenly, as in consequence of a great exertion,

the patient foels oa if something had given way at tlie groin or other
part of the abdomen, and on putting bis hand there he feels a t>imour
which may vaipr in size from that of a nut to th.it of his fist, is

•laitio, hanl, and tenae, and soon after tlio .'uxidont liecomea painful

ad tender. In the other cits* of hemiio, which m.ty be calle<l

pontaneoua, the tumour forms almost imperceptibly to the patient,

and grows larger regularly but slowly ; is attended with no i>ain, but
merely a sense of weakness about the part ; and decreases greatly or

entirely disappmia in the recumbent poature. U a hemM can bo

retomed into the abdomen at pleasure, it is not by itself a dangerous
dissaae ; but if it twcome strangulated, that is, if the intestine is so
ooDitricted by the parte through which it has passed that its contents

cannot psas through it, and its veaiels are so much oompreend that

active inflammation is excited, it constitutes one of the most serious

accidents to which the human body is liable. The symptoms in-

dicating strangulation of the intestine aro obstinate eonetipaWon of the

bowels; jiain and tenderness of the tumour, and spreading from it

over the whole aurftoe of the abdomen ; extreme rseUeBness and
languor ; nausea and vomiting ; a hard, small, and npid pitlae ; thirst

and coldness of the limbs. U the hernia be not reduced, these

symptoms will regularly increase, till mortification of the intestine

ensues, and (except in some most rare eases) death rapidly follows.

The above symptoms and other dreumstances are common to all

hemiie wherever situated, and are only modified slightiy by the part

of the abdominal contents protruded, the narrowness of the nit
through which it is forced, and the constitution of the patient. But
there ara some local circumstancea peculiar to each, aooording to the

part at which the intestine is protruded, which require to be noticed in

connection with the mode of returning each into the abdomen and of

retaining it there.

The most frequent kind of rupture is the Inguinal, and it is far

more common in males than in females. It forms a tumour, occupying

either the groin alone, or extending thence more or less obliquely

downwards Instween the thighs. To reduce it the patient should be

laid on his back with his loins lower than either his shoulders or his

hips, and the knee of the side on which the hernia has formed should

be raised and turned a little inwardn. The operator grasping a con-

venient portion of the tumour with his right hiiuid, should press it in

the direction contrary to that in which it has protruded, and there

retain it, while \vith bis left finger and thumb placed at the narrowest

part of the swelling he moves the intestine from side to side, alter-

nately pressing and relaxing it, so as to empty some of its contents,

and force it into the abdomen. If any portion be pressed through, a

slight gurgling noise will bo heard, and by continued efforts the whole
will most probably follow.

An inguinal hernia may attain the size of an adult's head or more

;

but a Femoral hernia, which is the kind most common in females, is

rarely more than two inches in diameter, and generally much less. It

is usually of a rounded form, situated just below the groin, about two

inches from the middle line of the body, and always feels hard and
tense. The princii>al constriction is deep in the thigh, directly under

the tumour, which tends to pass upwards over the groin. In reducing

it the position of the patient should be the same aa tor inguinal hernia

:

if the tumour be huge enough to grasp, it should be pressed directly

bodfwards, as if to force it deeper into the thigh ; but if it cannot be
grasped, it should be pressed in the same direction, with the balls of

the thumbs place<l side by side upon it.

In Umbilical and Ventral hcniiic, which come straight out from tbo

front of the abdomen, the globular and pendant tumours whioh they

form, and which often attain a considerable size, should be grasiied

with one haiul, and pressed directly backwards towards the spine,

while the op]>osite hand, as in inguinal hemioo, guides the successive

portions through the aperture.

Whatever be the situation or condition of a hernia, it should lie at

once, if possible, reduced. The patient should go to bed, and, after

lying a short time on his back, with his knees raised, the intestine will

often of itself recede into tiie abdomen, especially if it have l>een

frequently protruded ; but if it do not, then the manual oi>eration just

described should be employwl. The force used in it should never lie

so violent as to give much pain, and in old herniip little or none should

be caused ; nor should the manipulation \>e continued for mora th-m a

quarter of an hour at a time, nor so long as to bruise the tumour or

make it tender. If it &il, there are sevend auxiliary means that may
be employed, of which a selection must be made according to the

circumstances of each individual case. The warm bath should be first

tried in all cases; the [atient should be |)laced up to the neck in wattrr

at a temperature of from S)4° to 10(1", and remain there till ho becomes

quite faint. Any pain or irritation tliat previous attempts at retluotion

may have produced will be grp<ltly relievotl by these means, and the

state brought on by the Iwth is i)eculiarly favourable for the return of

a hernia, both by relaxing all the tissues surrounding it, and, when
fiuntness occurs, by relieving the intestine from the pressure of Uie

muscles, which often present the chief obstacle to its return, but which

in that state become powerless. As soon therefore as the pikticnt com-

plains of faintness, or after he has been in the bath for ten minutes or

a quarter of an hour, an attempt should be mode to reduce the heiiiut

by manipulating it as already directed under water. In strong and

robust men, and eepeoially in cases where the hernia has recently

formed, bleeding to fiiintness, either before or while in the batli,

should be employed, and the same opportunity taken to try t<i replace

the intestine. The abstraction of blood will be useful, not only by the

fiiintnc8.s which it pro<lucc8 being a favourable state for reducing the

lieniia, but by its relieving the inHammation which always .irises when
the intestine is strangulated, and by checking it in its fatal progress.

If the warm both and blee<ling fail, the jiationt should be placed

between warm blanket* to recover from their depressing effects, and no

more manual attempts should be made for s<jme time. The next
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means employed should be the continued application of cold b\' ice or

a rapidly evaporating lotion laid over the tumour, and liept there

unless it produces much pain, till all the tissues are contracted and
hard, for it is by their equable and powerful contraction on the intes-

tine, and by the diminution of its volume, that reduction is sometimes
thus effected even without manipulation. A hernia may be sometimes
reduced by placing the patient under the influence of chloroform.

Should this fail, and the symptoms of strangulation be increasing, the

only means left before operation is the tobacco enema. Great caution

is necessary in employing it ; it should never be used except in other-

wise healthy and tolerably strong persons, nor till the other means
have failed. A dram of tobacco being steeped in a pint of boiling

water for ten minutes, half the infusion thus made should be used
first ; and if it produce no evidently depressing effect, the other half

may be injected in half an hour afterwards. The usual consequence is

an extreme degree of languor and sinking, a kind of deadly coldness and
paleness, and the last stage of depression : in this state a last attempt
at reduction should be made ; and if still unsuccessful, an operation

must be resorted to. The tobacco enema should not be employed
tmless the symptoms of strangulation be quite evident. If the hernia

seem merely irreducible, but is not strangulated, and if cold, and
warm bath and bleeding (if deemed advisable), have failed, the patient

should be left, and an active dose of aperient medicine given him, for

sometimes the bowels will, under the operation of these means, return
of themselves into the abdomen.
When the hernia has been completely reduced, its recurrence must

be prevented by the wearing of a tmss. A truss consists of a circular

pad, having one side convex and soft, and the other flattened and made
very firm by a plate of steel, by which the pad is riveted into the spring,

which is a narrow band of highly tempered and very elastic steel,

forming when extended somewhat more than a semicircle. In aijply-

ing a truss, the soft convex surface of the pad should be placed accu-

rately over the part where the neck of the tumour was situated, that is,

over the ring through which the intestine first protruded, and which
may be felt by the weakness of the abdominal walls, so that the finger

may be easily pushed almost into the abdomen, carrying the skin and
subjacent tisenes before it. The pad being held there, the spring should
be made to pass round the haunch to the back, so as to reach just

beyond the spine ; its elasticity, tending to bring its two extremities
together, will thus act so as to press with a certain force ujwn the
ring or the canal through which the hernia was protruded, and thus
supply the defect of weakness at that jKirt of the abdominal walls. At
that extremity of the spring which is applied near the spine there is

affixed, in what are called common trusses, a leathern band, which is to

be passed roimd the opposite haimch, and buckled or buttoned on the
pad, so as to prevent its shifting its position during exercise ; and in

some cases, where this is apt to occur, another baud should pass from
behind under and inside the thigh and be fixed to the pad. Another
very useful form of truss is that conunonly called Salmon and Ody's
or the self-adjusting truss, which has a second pad, to be placed behind
CD the spine, and which requires no bands to keep it fixed, but, by the
steady pressure of its two pads towards each other, maintains a firm
pressure on the ring, and permits the spring to move up and down
upon the haunch during exertion. In applying this, one pad must be
placed on the ring, the spring must pass round the opposite haunch,
and the hinder pad must rest on the spine, just below the loins, where
it is least moveable. AVTien there is a hernia on each side, a double truss,

that is, one with a pa«l for each side, and one or two springs long enough
to reach quite roimd the body, must be worn : if there be two springs,

they should be connected by a cross-band and buckle, so that they
may be tightened or loosened behind, and another band should pass
from one }>ad to the other to maintain them in their proper position.

To determine the necessary length for the spring of the truss, a measure
may be taken by a string fixed at one end over the centre of the ring,

at that part where, when the patient coughs, the intestine may be felt

endeavouring to protrude, and thence carried round in an oblique
direction between the most prominent part of the hip and the top of
the haunch-bone to an inch beyond the spine. The pad should be of

a size proportioned to that of the ring, and the spring should be
strong enough to make firm but not painful pressure.
HERO, HEROIC, HEROISM. These words flow directly from the

original Greek word'H/wi, which denoted (at least in the times subse-
quent to the Homeric poems) a person intermediate between gods and
men, and usually of divine descent on at least one side. , Such were
worshipped with divine honours by those cities and races of men which
claimed them as their founders or ancestors. This divine origin
however was not essential: thus Philippus of Crotona, who fell in
battle agaiast the Phoenicians and Egestseans, was made a hero for his

lieaii*y; a heroon, or shrine, was built on the spot where he was
buried, and sacrifices were ofiered to him. ('Herod.,' v. 47.) At a later
age Aratus and Brasidas were worshipped as heroes at Sicyon and
AmphipoUs ; and the Athenians slain at Marathon received similar
honours. Concerning these last, legends were ciurent which show
that a tiipematural and mythological character was really ascribed to
them, and they probably were the latest of the Greeks to whom such a
character was atitributed. The Heroic age, properly so called, appears
however to have terminated with the immediate descendants of the
Greeks who returned from Troy, and to have extended backwards for

an uncei-taiu length, estimated by Mr. Thirlwall at sis generations, or

about 200 years. This is the fourth or Heroic age of Hesiod, in

which Zeus " made the divine brood of heroes, better and braver than
the third or brazen race " (' Days and Weeks,' 157), the princes and
warriors of mythological hi.story, such as Theseus, Perseus, and those
who fought in the sieges of Thebes and of Troy. In Homer the word
hero occurs frequently, but in quite a different sense: it is applied
collectively to the whole body of fighters, Argeii, Danai and Achsei,

without reference to individuals of peculiar merit ; and indeed often

apjiears to be used for little more than an expletive, when he, or the

man, or the mldicr, would have done equally well. Indeed the appli-

cation of the word is not even limited to warriors ; but is applied to

heralds, wise counsellors, kings, &c. It has been suggested, with con-

siderable plausibility, that the word originally denoted the members of

those [roving bands who in the earliest times overran Greece, issuing

torth from the south of Thessaly and giving extension to the name,
first of Acha^ans, and afterwards of Hellenes, as we learn ft'om the

legends in Pausanias and Thucydides ; so that in the same sense the
Normans who colonised Italy, or the Saxons who settled in England,
might justly be called heroes. The root of the word seems to be her,

whence the Latin and German forms of herus and herr (majster), here,

bertha, heracles, vir, virtus, &c. The same root seems to exist in the
word Arimann, which denoted a particular order of freemen among the

Lombards, existing at the time of the establishment of their empire
after the Lombard conquests. There seems little doubt that this

claas originated in the warrior caste of the Lombard invaders, and the

establishment of the name thus fiuTiishes an analogy to the theory

suggested above as to the origin of the Homeric use of the word hero.

Even the name of German, and the meaning of brother attached to the

word in Latin, may originate in the same sense of a member of an
armed family or body ; the root in all cases appearing to involve the

notion of might or mastery. The Sanscrit word «i<ra appears to

contain the same element as " heros."

The promiscuous (or Homeric) use of the word hero disappeai'ed in

the age succeeding the Homeric poems. It seems probable that the
Hellenic invasion, commonly called the Return of the Heraclida;, put
an end to it. The new conquerors of Southern Greece do not seem
themselves to have borne or u.sed the title ; and afterwards, when
they, or their descendants, looked back to the warlike legends of the

earlier race who had borne the title, the lays, exploits, and persons

were called heroic ; and from the combined effect of poetical exag-

geration, reverence for antiquity, and traditions of national descent,

the more modem Greek use of the word arose, carrying with it notions

of mythical dignity, and of superiority to the later races of mankind.
The custom of showing respect or afTection by making precious

oft'erings, and celebrating costly sacrifices at the tombs of the dead

;

the imaginative temper of the Greeks, which, as it loved to ascribe a
divine genealogy to the great, was equally willing to admit them to a
share of the divine nature and enjoyments after death ; and the love of

magnifying past ages, common to all nations, will sufliciently explain

the change of earthly leaders into protecting genii or daemons, who
were believed immortal, invisible, though frequenting the earth,

powerful to bestow good or evil, and therefore to be appeased or pro-

pitiated, like the gods themselves. In the age of Hesiod, as is evident

from the passage above referred to, the age of heroes was past, and
they were alreiidy invested with their mythological character, which
appears to furnish one, among other reasons, for believing him to have
lived after the Homeric age.

In the common English use of the words a hero denotes only the

chief or most distinguished person, the hero of a victory, or the hero of

a novel. Hudibras is the hero of Butler's poem ; but hero and heroism
still preserve their original characteristics, and are applied to actions

evincing an unusual or even superhuman degree of bravery and virtue.

(Thirlwall's Bistory of Greece, ch. v. ; PhiMog. Mas. No. 4, ' On the

Homeric use of the word *Hp»i;' Wachsmuth's Ilell. All.; Von
Savigny's UUlvry of the Roman Law during the Middle Ages, vol. i.,

ch. 4.)

HEROTilANS ('HjxeSioi/ol, Matt. xxii. 16 ; Mark iii. 6 ; xii. 13 ; see

also Mark viii. 15), were in all probability a political party in Judaia,

who were anxious to preserve the government in the hands of Herod's

family. By some the Herodians are thought to have been a religious

sect ; but they are not mentioned either by Philo, or by Josephus in

his enumeration of the Jewish sects. In their religious opinions they

probably belonged to the sect of the Sadducees, since that which is called

by Mark (viii. 15) " the leaven of Herod " is styled by Matthew (xvi. 6)
" the leaven of the Sadducees." They were no doubt the partisans and

followers of Herod the Great. This view is supported by the Syriac

version of the New Testament, which renders Herodians, by servants

of Herod. Politically, they ailvocated compliance with the idolatries

and customs of the Romans, to which the Pharisees were opposed ; and

this opposition throws light upon the snare laid for Christ in the ques-

tion propounded by both sects (Matt. xxii. 16, 17) as to the lawfulness

of l«iying tribute to Cajsar. As the answer seems rather in favour of the

Herodians, the leaven of Herod must have consisted of the idolatry.

'

HEROIC AGE. [Hero.]
HEROIC VERSE, in its ancient sense, means that which was the

vehicle of Greek, and subsequently of Latin, epic poetry, of which the

actions of the heroes were the appropriate subject. [Hexameter.] In
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En^iih, our oommoo ton-«yUiible ooaplet piiiw tinder thin nunc,

chiefly, it should Mem, beeauie it i« the meuure into which the e|)ic8

of antiquity have been meet frequently tnnalated. The Alexandrino

of twelve HylUhlee, however, ha* been aUo uaed by our elder writen

fur thi4 purpoee, aa by Qupmao in hia tnuulation of the ' Iliad.'

HKKPES. The word herpeewas eiiipl.iyo.1 in a very rague »en»e,

and ap[died to many eruptiooa of difito^iut kinds, until restricted by

>ViUan to a well-deflned aflrotiaa ot the akin, characterised by the

eruption of oluateta of tranqarent globular veddes, situated on a red

and inflamed baae extending some lines beyond them. The vesicles of

each duster commonly vary in sise from a niillet-seed to a very small

pea; the dusters therasdves are distinct, being separated by portions

of mrfeotly healthy skin, snd they generally rise in quick succession.

The eruption is preceded and accompanied by a degree of con-

titntional distiubanoe which genemlly varies with the extent of Uie

kieal afbetion, being often alight and attracting no notice, when this is

limited and consists of a few dusters only, but very great and marked

by a high degree of fever, when the clusters are numerous and spread

over an extensive surface in a young and plethoric subject.

The local affection is announced by a sensation of heat and tingling

experienced in tite part, and first appears as a small bright red spot,

having in ib> centre a few very minute resides. These vesides.w'hich

ocotain a transparent culourlciw fluid, rapidly enlarge, and, in the

course of some hours, attain the size and present the form and aspect

of very small pearls : in the thickest part of the cluster two or three of

the Tcaidea coalesce, forming une of irregular figure and larger size.

There is a sensation of pricking and smarting pain esi>erience<l in the

part. The vesicles gradually become opaque, in the course of a few

days shrivel, and are succeeded by brownish scabs: the heat and

irritation of the portion of skin on which they are situated subside

;

and the scabs bU off, leaving a tender and reddene<l state of the skin,

which soon disappears. The duration of the individual clusters, from

their first appearance to the falling off of the scabs, varies from one to

two weeks. When there is a succession of clusters, they all follow the

same march ; the febrile state persists as long as fresh vesicles continue

to arise, and the affection may be prolonged to three or four weeks.

In some cases the fluid is absorbed, the vesicles shrivel, and, at the end

of four or five days the affection terminates in desquamation; in

others, the fluid in the vesicles becomes purulent, and they are succeeded,

especially when seated on the Ixkck, by superficial ulcerations, which

pttjong considerably the duration of the disease.

The dusters of vesicles, though they retain in all cases the same

characters, and follow nearly the same march, are sometimes confined

to a particular locality, justifying the designation, H. labiaUt, H.

praputialiM, or assume a particular arrangement, giving rise to the

varieties, Htrpa zrnler, when they are situated on one half of the body

and extend in a line or band; H. phli/cUnoda, when they are

disaeminated ; and J/. circtMnatiu, when they occur in circles or rings.

In H. IMalit the clusters are disposed irregularly about the mouth,

generally on the extem.il surface of the lii>8, in some cases extending

to the chedu and alas nasi, and in rare instances occurring also in the

^laiynx. It oooaaionally comes on after irregularities in diet, or

unusual exposure to cold winds, or to the atmosphere, as in travelling

;

at the termination of the hot stage, in ague ; and during the course of

catarrhal fevers and pneumonia. It is always a slight .tffection in

itself, requiring no treatment beyond that of the disorder which it

accompanies.
Berpa prajmtiali: In this variety there are one or more small

dusters of veaides, either on the external or internal surface of the

prepuce. When situated externally, they follow the ordinary march

or terminate in desqiumation, and require no treatment, with the

exception of the application of lint soaked in the lotion of acetate of

lead, for the purpose of alle\-iating the itching and preventing the

rupture of the vesides and the consequent fonuation of an ulcer.

Wnen they occur on the internal surface of the prepuce, the vesicles

arc kept continually moist, break at the end of four or five days, and

often give rise to an excoriation or superficial ulceration, which by an

inattentive observer may be mistaken for a syphilitic sore. It soon

heals under the influence of cleanliness, the local application of the

lead lotion, and the administration of a few alteratives.

In Uerpa ie$ttr, Shingles, there is a succession of clustera of white

silvery veaidea, forming an oblique line or band, limited to one-half

of the body, and almost dways occurring on the trunk. It is generally

ushered in by severe febrile symptoms, and by smarting or deeply-

seated pains, which indicate the future course of the eruption, (.ach

duster follows the march we have deecribed, and the febrile state

continues as long as there is a succession of vesides. It is unattended

with danger, excepting in old persons, where the olusteis are oocasioDally

followed by gangrenous and alougfav sores. In young snd plethoric

sabjecta the treatment ahould consist of bleeding, saline purgatives,

diet, and the application to the part of a sedative lotion. This treat-

ment alleviates the sufferings of the patient, but has very little

influence on the march of the veaicles.

Ilerptt MyetauxUt differs from the'preoeding variety in the arrange-

ment of we dusten, which are disseminated, snd have no particulBr

seat. When occurring extensively, the vesicles do not attain the sixe

onmmnn to more limited forms of the eruption. It is often met with

in children during dentition.

In Utrptt ctrewaofiu, or herpetic ringworm, the eruption is limited

in extent, frequently i^ a circular form, and consists of extremely

minute vesicles, which diy up and terminate in exfoliation, leaving a
scurfy areoU. It occurs frequently on the diaeka in children, and in

women of delicate complexion, and is often confounded with a disease

entirely different in itn nature, contagious, and also, in popular

language, denominated ringworm. This form of Herpes soon dis>

appears under the influence of the local application of almost any
astringent solution.

None of the varieties of Herpes are contagious, snd all occur most
frequently in the young, during spring and autumn, and in warm
dimatea.
The existence of distinct group of veaides on red and inflamed

bases is sufficient to distinguish Herpes from every other cutaneous
affection.

HERBINO FISHERY. [Furkries.]
HERTHA, the Qoddeas of Earth among the andent Oermana. Aa

Hertha, she was the wife of Thor; but Roman vmters somatimea
speak of the deity sa Sertkiu, a male god, and the companion of Thor.
Tadtus ('Hor. Qerman.,' o. 40), who cdls Hertha the mother of the

gods, says that she was worshipped by the Suevi, and that her sanctuary

was in a grove in an island of the ocean, and was served by a single

priest. A chariot, covered by a cloth to conceal the goddess, was
taken out of the sanctuary on certain occasions, and waa drawn by cows
about the country with great solemnity. This was a time of general

rejoicing, especially for those places which were honoured by the visit

of the goddess. During that time a cessation of war took pUoe, arms
were laid aside, and peace reigned over the land, until the priest thought
proper to restore the goddess to her sanctuary, where the diariot and
the clothing, and the goddess herself, or her imago, it was said, were
washed in a secret pond, and the attendants who assisted at these

ablutions were immediately after swallowed up by the flood. The
rejKirt of these mysterious circumstances served to inspire the ignorant

I>cople with a dread of the power of the goddess, whom no mortal
could behold with impunity. (Orimm, ' Deutsche Mythologie.')

HESPE'RIDES, in Greek mythology, a family of Nymphs, of the
same parentage, and apparently the some with the Athwtides, though
there are differences between them, especially in number (the Atlantides

being uxually reckoned seven, and the Hesperidus three in number),
which we must leave to be accounted for by the general imcertainty of

mythological story. They were named ^f^gle, Aretliusn, and Hespere-
thusa, possessed the faculty of melodious song, and were the daughters
of Aths, by HesiJCris, the daughter of Hesperus. Some traditions,

however, add a fourth sister, Hestia ; and Hesiod uuikes the Hesperides
the daughters of Nij^t. They dwelt in a beautiful garden in the
western parts of the earth, in which grew the celebrated tree which
bora golden apples, the gift of Qe to Here on her marriage with Zeus.

These apples were guarded by a fierce dragon niuued Ladon, which
never slept. Heracles killeil the dragon and carried off the precious

fruit. Some authors make the treasure to consist of sheep instead

of apples, both being called by the same Greek word, mela. Some
think them citrons or oranges. The Gardens of the Hesperides are

variously placed, in an oasis of the African desert, in Cyrenaica, at the
foot of Mount Atlas, and in the Happy Islands of the Atlantic.

HESPEUIDIN. A neutral vegetable principle obtained from tlie

spongy part of the peel of oranges and lemons, by digesting it in

boiling water, and saturating the infusion vrith cream of lime, then
evaporating to dryness, treating the residue with alcohol, and evapo-

rating the filtered solution. The matter left is to be treated with
twenty times its weight of distilled vinegar, and the solution set by for

a week, when the hesperidin is deposited, and is to be purified by
recrystalUsations from alcohol.

The properties of hesperidin are : It forma white silky needles,

grouped in tufts or in mammilate<l forms ; they are inodorous, insipid,

fuse at a gentle heat into a resinous substance which becomes electrical

by friction ; at a higher temi>erature, this substance decomposes with-
out yielding ammonia, and bums with flame and an aromatic odour.

It ia insoluble in cold water, and requires sixty parts of boiling water
for solution ; it is very soluble in boiling alcohol, but insoluble in

ether. Nitric acid renders heHj^ridin yellow ; sulphuric acid gives it

first a yellow and then a red tint ; hydrochloric acid imparts a greenish
yellow colour to it. The acetic solution of hesperidin is not decom-
posed by water

; i>ersulphato of iron precipitates it brownish-red

:

It is soluble in the alkalies. No analysis has as yet been made of

bemeridin.

HBSSENES. [EssENES.]
HESTIA. [Vesta.]
HETEROGKNEOUS. [Homookneous.]
HETEROSCII (other-shadowed), an old astronomical term for

persons Uving in such parts of the earth that their shadows at noon
are always turned contrary ways. Thus the only heterosdi are those
who are situated w ithout the tropics, and in different hemispheres

;

since in the northern hemisphere those who are situated north of their

tropic have the sh-odow at noon always turned northward, and those

south of the southern tropic, southward.
HEVEENE (CnHn). An oily hydrocarbon found amongxt the

products of tiic destructive distillation of caoiitehouc.

HEXACHLORXYLON (C„H,CI,0 or t:„H,CI.O,). A yellow
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crystalline derivative from creasote, obtained by the action of by dro
chloric acid.

HEXACHORD (el, lix, and x'P^'h, a gut, a string), a name given by
the ancient Greeks to a lyre of six strings ; also a scale of six soimds.

In what is denominated ' the System of Guido," musical sounds are

divided into three scales, named HcradioriU. The fii-st, from c to a,

ia called the Xatiwat hexachord ; the second, from g to e, the Durum ;

and the third, from P to D (the B flattened), the SInlle. To the notes

of each scale are assigned, as names, the syllables ut, re, mi, fa, lol, la.

This perplexing and irrational system, which has been well designated

Crux tenellorum ingeniorum, is now utterly discarded.

HEXAGON, a figure of six sides. [Regular Figures.]
HEXAHEDRON, a soUd of six faces. [Cube ; Regular Solids.]
HEXA'METER (i^, six, nirimv, measure) is the most important

form of dactylic verse. [Dactylics.] It consists of six feet, either

dactyls or spondees, with no limit in their arrangements, except that

the fifth is usually a dactyl, and the sixth inviuiably a spondee. Great
|iart of the beauty of a long poem written in this measure depends on
the varied cadences, which may be produced by varying the cfesura.

[C^suBA.] The most usual places are the middle of the third and the
middle of the fourth foot : of these, the former is called by prosodians

the penthemimeral ; the latter, the hephtkemimeral catura ; as, for

example :

—

Vix e conspeetu { Siculffi tellnris in altnm.
Noo aUter quern qui adverse

| vix flumine lembum.

That which is called the hucolic caesura, at the end of the fourth foot

hardly seems to deserve special mention, being in no respect essential

to the harmony of the verse, and invariably accompanied by one of the

two before mentionecl. These are essential ; and one or other of them
is always observed in well-constructed verse, except in rare cases where
the omission is intentional, with a view to some special effect. For
the niceties of the measure, see the treatise of Hermann, ' De Meti-is,'

lib ii. 32.

HEXAPLA, the plural of {{axAoDs, which me,ina " six-fold," was an
edition of the Scriptures of the Old Testament prepared by Origen,

which exhibited, in addition to the original Hebrew text, six Greek
versions in as many parallel columns ; namely, .the Septuagint, that of

AquiU, that of Symmachus, that of Theotlotion, one found at Jericho,

and one found at Nicopolis in Epirus. It also comprehended a seventh
version of the Psalms. The Hebrew text was besides given both in

Hebrew and in Greek characters ; so that, properly speaking, there were
eight columns in all, whence the work is sometimes called Origen's

Octapla. [Bible; Seftuaqint; and Obiqenes and Treodotiox, in

Bioo. Div.J
HEXYL. [Capboic Alcohol, Htxyl,^
HEXYLENE (C,jH„), OUme, CaprHUeite. The olefene of caproic

alcohoL It is obtained by distilling bydroleic acid, and is also pro-

bably formed by the destructive distillation of many other fatty

Imdies, It is a colourless very mobile liquid, lighter than water,

and possessing an arsenical odour. It is scarcely soluble in water, but
easily so in alcohol and ether. Hexylene boils at 131° Fabr., and its

vapour appears t« exercise a deleterious influence upon animals. Birds
which have inhaled it for some time fall dead.

HIERO'S FOUNTAIN, a philosophical toy illustrating some hydro-
dynamic details. It consists of three vessels connected by two tubes.

Water descending from .the top vessel, drives the air from the bottom
into the middle vessel and compresses it, so that by it8 elasticity it

forces the water in this vessel up a jet. It is only another form of

eompresatd air-fountain.

HIEROGLYPHICS, a compound Greek word, meaning "sacred
engravings," generally applied to the representations of animal and
other forms sculptured on the monuments of Egypt, by means of

which the Egyptians expressed their language. The ancient Greek
authors call thu mode of writing hieroglyphic, or hierographic, and
attribute its invention to Thoth, the Egyptian Hermes. According to

these authorities, it was the most ancient mode of writing known to

mankind. It was called by the Egyptians Neter tu, or " sacred words,"
and was particularly used in all inscriptions relating to the gods,
temples, and public events. Above 1000 different symbols appear on
examination of the monuments to have been employed, and future
observations will probably still further augment their number. These
are arranged with great precision on the monuments, generally in hori-

zontal or vertical lines, with all the animals and symbols of the same
inscription facing in the same direction, whether to the right or to the
left ; sometimes, however, they arc placed in the area, or field, and
dispersed amongst the figures or scenes they are intended to illustrate.

They have been divided into six classes : 1 , sculptured and not painted

;

2,.those which are sculptured and painted ; 3, linear, or drawn in out-
line ; 4, drawn in outline and painted ; 5, polychrotae, or those painted
with many colours; 6, viunochrome, or those painted in one colour.
Those earned on stone are generally executed in a peculiar kind of
sculpture, called cava riliero, in raised relief below the surface, but
sometimes in baa relief. The linear hieroglyphics are drawn with a
carbonaceous black or a vermilion red ink, on papyri, linen, slices of
stone, wood, and other materials. Hieroglyphics appear in use on the
walls of the earliest tombs, and even scrawled on the blocks of stone of
th« great Pyramid built by Cheops, and they continued to be employed

till the time of CaracaDa, during a space of almost 3000 years ; but
subsequently were superseded by a more cursive writing called the
Demotic ; and finally, on the triumph of Christianity, by the modern
Coptic. Some scattered notices of their general nature and the mean-
ing of a few symbols are given by Diodorus, Chioremon, Clement of

Alexandria, and Poi-phyiy ; and a s])ecial dissertation upon them,
written by Horus Apollo, or HorapoUo, of Phenebethis, a.d. 500,
has been handed down ; but a knowledge of them was little cultivated

by the Greeks and Roilians, even those who lived in Egypt itself.

From the 10th century to the 16th century, all knowledge of them
totally disappeared ; and on the revival of learning, the task of
decipherment and interpretation was vainly attempted, till the dis-

covery of the Rosetta sfone in 1709 gave a clue to their interpretation.

This monument, found on the site of a temple dedicated by King
Necho to the god Atum, which is a trigraramatical inscription in

hieroglyphics. Demotic or cursive WTiting, and Greek, recites the decrees

of a synod of priests assembled at Memphis, a.d. 196, in honoiu'

of Ptolemy V., their benefactor, and declares that the decree js

ordered to be engi-aved in these three writings. After some feeble,

although not unsuccessful, attempts to decipher the demotic by De
Sacy and Akerblad in 1802, Young, in 1814, was the first to discover
from the name of Ptolemy on this stone, and that of Berenice on a
doonvay in the south quarter of Karnak, that certain hieroglyphics

were employed to reprcoent somids, not ideas, as had been hitherto

conjectured. The removal by Bankes of a small obelisk from Phila?,

erected by the prie.stfl in honour of Ptolemy Euergetes II. and Cleo-
patra, on the pedestal of which they had inscribed a Greek inscription,

enabled ChampoUion in 1822 to compaie the names of Cleopatra and
Ptolemy, and, correcting some of the enors of Young, to extend the
alphabet, and lay the foimdation for the future decipherment and
interpretation of the hieroglyphics. It was seen, from a comiiarisou
of these names and the recurrence of the same hieroglyphics in the
same places, as if they were used as sounds, that this was their true
employment ; and by an extension of the decipherment, the names and
titles of the Ptolemies, Roman emperors, and native monarchs, were
readily discovered.

Since the time of ChampoUion, who published a Grammar in 1 83C,
and Dictionary of Hieroglyphics in 1841, the study of the hieroglyphics
has been puinued by RoscUini, Salrolini, Leemans, Lepsius, Bnigscli,

De Rouge, Birch, Goodwin, Hincks, and others.

The general results of these inquiries have shown that all hiero-

glyphical iusciiptiuns, from the most remote to the latest periods,

consist of two classes of characters, the first called by the Egyptologists
ideographs, or symbols representing ideas, not somids; ss.uA phonetics,

or hieroglyphics employed as syllables, or letters of the alphabet. The
great body of the inscriptions are composed of phonetics, at least to

the extent of four-fifths of each entire text ; and they ai-e easily distin-

guished by their constant recurrence. They are, however, fewer in

number than the ideograplis.

These ideographs are divided into two cKsses : 1. The ideographs
proper, or those which represent only one idea ; as a seated man having
the head of an ibis, to meau the god Thoth or Hermes ; a wolf to
represent that animal ; and a bundle of flax to represent flax : these
are direct imitations. 2. Those of the kind called by Clement tropic,

or enigmatic, or metonymes, express the idea by less direct means, as a
smoking pail, to signify milk ; a pelican seizing a fish, to signify fishing;

an ape, to express anger, on account of the irritability of the animal

;

and a jackal, cunning, on account of its crafty nature ; an ostrich-

feather, to signify truth, because all the feathers of the wing of that
bird were supposed to be of equal length. These ideographs are often
preceded by a group of phonetics, which spell the so\md of the word, the
sense of which they are intended to convey : thus, the wolf is preceded
by a hare, a, a line of water, N, and a basin, s n,spelling Ansli, "wolf;"
and the jackal by the back of a chair, .s, and chisel, n, spelling sab,
" crafty." These direct ideographs are the olde.st part of the system,
the remains of the primitive picture writing of the nation ; about 700
have been found.

The determinalires fonn a sudivision of the ideographs, and are tho.se

symbols employed to represent more than one idea. They are exten-
sively employed and repeated in the inscriptions. Some of these
determinatives are employetl in twenty similar senses, others convey
two or three similar ideas. Their use is to abridge the too copious
employment of ideographs, and to render clear the ambiguity of

phonetic groups. Thus, the sun's disk, represented as a circle with
a dot in the centre, signified all ideas connected with th.it luminary,
as the sun, year, month, hour, day, night, light, darkness, orbit,

festival ; an uraus signified any goddess in the Pantheon, a seal-ring,

to shut or to enclose. These determinatives, like the ideographs, are
preceded by groups of phonetics, spelling the sound of the ideas they
convey—thus, the sun's disc hiis before it phonetics reading alcn, when
it means a disc, and lar when it means " time." They determine in

fact the genua of the idea of the phonetic group, and .are often used
instead, or in place of theii' corresponding ideographs, which are

pictures so elaborate of the idea as to be unsuited for general purposes,

and only fit for the most magnificently executed public monuments.
Sometimes two determinatives, or an ideograph and determin.itive, are
use<l after a phonetic group.

These determinatives in fact resemble the 214 keys or radicles of



HIEROGLYPHICS. HIGH COHMISSION COURT.

dM CUacM, widA are naed in neariy the Kune nunner. SiiuiUr

<Witoiiinin«ti»M wore emploTed, althuugu on a more limited tealc, in

tke AtM^^iua and Babylomaa cuneiform in«cri|>iiona, and were nut
afaaadoned in euneifonn iTitems till ttir time of the Penians, B. a 525,

eoly yielding way to tlie mTeation ol the alphabet by the Phooiician*.

About 170 bierogiyphie detenninatiTaa have been reoocoind. The
diaoorery of thia portion of the hieroglyphical eystem ia due to Cham-
poUion, and he interpreted the aenae of theae two clainea of ideographs
by oomparing the aymbola with their explanation, when it remained,
in ancient daaneal authora, by a careful anidyaia of the Boaetta inaorip-

tion, by a due regard to their poaition in aentenoea, and by the analyna
of the phoaetio groapa whidi preceded them. The diacovery of the

tie ayatam, in fact, aided to diaoover the meaning of the ideo-

grapha and datonninatiTea, and theae in their turn shed light on the
meaning of the phonetic groups. Tlio 170 determinativea embrace the
whole eutsle of ideas, and are used in the liieratic or curaiTe writing

without ideograpbs, and accompanied only by their proper phonetic
gaoupa.

The hieroglyphics need to represent sounds, called phonttia, are
fewer in number than the preceding, forming, however, a complete
nllabarium of the spoken language. Theiie syllablea blX into two
nlaaim Thoae ending with voweU, 52 in number, represent 18 sounds
of the spoken language, and answer the purposes of a pure alphabet.

They were aonnded either according to the primitive pronunciation of

the aymbol choaen, or dae according to the initi;^ sound of the
hieroglyph ; thoa a mouth, m, represented the liquid n or L ; and a

hawk, aaUom, the vowel a ; au owl, moutaiij, its initial sotmd M. At
the earlier period of the formation of the language some of these
phonetica are preceded and followed by one already in common use,

having the aame sound : thug, a fl}-ing goose has before it a blind or
window-mat p, and after it the eagle a, and placed in the centre of the
group it is demonstrated or explained to hare the Byllabic value of pa.

Eadi of these 54 letters, in fact, have, at the option of tlie scribe, the
final hieroglyphic vowel which completed their nyilablc nTitten after

them, but by degrees this fell into desuetude, and they finally became
almost purely uphabetic. To these must be added 57 hieroglyiihs

naed for sylbbles terminating in consonants. These, like {he pre-

ceding have such hieri>f;lyphs of the alphabetic series as represent
their mitial or final signs indifierently written before or after them, or
omitted. For example, a star is used for the syllable seb or sky, some-
times with the back of a chair, the alphabetic s written before, in, and
often with the leg, the alphabetic B or v after it. In some rare

iustaooes both the alphabetic hieroglyphs s and B are written before
and after it, enclosing as it were the star in the midst. The whole of
theae hieroglyphic syllables are monosyllabic, and were sounded accord-
ing to the primitive name of the object. These phmttiet continue<l in
general uae till the age of the 22nd dynasty, or about B.C. 1000, when
sevenl idaographa were added by the priests, for alphabetic and syllabic

souuds, and this innovation, which went on increasing till a.d. 200,
when tlie number amounted to about 90 additional characters, gives a
complex alphabet and syllabarium of nearly 200 hieroglyphics in

common use.

The phonetics formed the great body of the language, all the gram-
matical forms, and abstract prefixes and affixes, substantive and
auxiliary verba, being composed of them only. Groups of phonetica
precede or n^lace the ideographs and detrarminatives, and give the
•oonda of the ideaa intended. They are constantly interchanged
among themselves, and these equations of sound are colled tariantt.

In the long interval of nearly 3000 years, the many ]iapyri containing
similar texts give hundreds of words written with different symbols.

It is now necessary to aay aomething of the nature of the language
aa ahown by the phonetics. The wwds are principally Coptic, but
thia language has lost ao much of its vocabulary that it is inadequate
to explain ^f the hieroglyphical words, which amount to about 4000.
The verbal root in hieroglyphics is unchangeable, the nouns and adjec-
tives being declined by prefixes, as hak, a hawk, pa Ixxk the hawk, en
bale, of a hawk, or bat, to a hawk ; the plural has I'lt added as bak-iu,
hawks. The verb is ooniu^sted by affixea, as maa to see, maa a I see,

maa na, 1 saw, and auxiliaries, aa au a Acr maa, I was seeing or saw.
"Hie proDotAia are very numerous. The prepositions are often vague,
and tipfakT in their original composite form, which they have lost in
moat other laognages, thus, hfrhat" over the heart," is " in the midst,"
em-khrn " in the hall " is " within." The syntax is exceedingly regular,
the verb appearing first, then the objective, and finally the instni-
mnital ease. Some verba are transitive, others neuter, and the
mideni of nouns are indicated by affixes and prefixea. The distinction
between active and paaaive is but slight.

With respect to style, the monumental, except whore colloquies are
introduced, is elliptic and Uoonic, and the hieratic style of the Ritual
and rehgioua works partakes of the nme characters. Even verse or
rhythm baa been found ; the expressions are flowery with oriental
imagery, antithesis and metaphor. The lapidanr hieroglyphical inscrip-
tionsan almost all relisious, historical, or sepulchiaL With the exce|)tion
of the Ritual, [pArTBij the books of the Egyptians were written hi a
cunive or writing hand, of a very distinct clear shape, like our ancient
court or law band, in horizootal lines with headings at the top of the
page, and rubrics. Thia hitratie character, as it is called, employed far
nw«r symbols tim the hieroglyphic, and approached nearer to the

alpbabttie syatem, but atill made a oopioai om of determinativea. It

hu bean traced up aa early aa the Gth dynasty, and continued till the
2iid or Srd oantury, a.d. It waa also employed for official dooumaota,
oon'eapopJanoe, memoranda, and drafta, as the only written laiwiiagt
till Um oommanocment of the 2Cth dynasty, abont 800 B.C., wSan •
second written Uoguage waa introduced, caOed the rpitttlary, dtmttie,
or dtmode, that ia, popular, or atdiorial, that ia, native. After the 8th
century B.C., the liieratic was only used for religiouH pur|K>.icji. chiefly

oopies of the KituoL At its commencement, the demotic was only an
abridgment of the hieratic, but i{ rapidly lost all reaemblanoe with
hieratic forms, abandoned to a great extent, although not entirely,

the use of ideographic and determinative signs, and endeavoured to
acoommodate the written language as naariy aa poaaUe to the alplM-
betioal Phoenician and Greek aystema then known to the Egyptians.
It continued in use till the Srd ceutury , when it waa finaUy superseded
by the Coptic ; the triumph of ChristiaDity in Egypt having done
away with the last form in which the vain superstitions of p«g«»ri«ti«

remained enshrined in the writings of the Valentinians, Gnoatica, and
other heretics. The demotic waa extensively used under the Ptolemies
and Itonuuu for letten, and other documents, and waa first leamt by
youth, who, after they had mastered it, according to Clement, pro-
ceeded to leom the hieratio and hieroglyphic, then an old and dead
writing, the knowledge of which was only to be acquired by a special

study. The demotic, although it may appear paradoxical, is the roost

difficult of the Egyptian cursive hands to decypher, while the docu-
ments written in it have less attractiou to the student from the dry
nature of their contents.

Besides the Egyptians, the ancient /Ethiopians also carved hiero-
glyphics on their pyramids and public monuments. These leaemble
those used during the later days of the Egyptian monarchy, and
expressed the sounds of the Amharic or ..Ethiopic dialects ; they have
not yet been interpreted. The elder Democritiis, B.C. 45i', wrote,
it appears, a dissertation on .Ethiopian hieroglyphs. At Nineveh,
Koyunjik, and even in the isles of the Ureek Archipelago, objects
have been found with hieroglyphical inscriptions, nut in the Egyptian
language, perhi^ unmeaning imitations, Uke the obelisks erected by
some of the Roman emperors.
The term hieroglyi>hic8 has also been applied tu the writings and

paintings of the ancient Mexicans, by which they depicted the various
oocurreucos of life. The Mexican system was more pictorial than the
Egyptian, the subjects were actually ]minted, but certain symbols or
hieroglyphs were introduced to aid their explanations. The symbol
expressive of the king's name is attached by a cord over the head of
the figure of the monarch, that of the^nome of persons, of towns, and
hills, is expressed in the same manner. After the introduction of
Christianity some of the symbols were employed phonetically. This
symliolical system of )>ictorial writing prevailed in Central America
and Yucatan before their conquest by the Spaniards.

- The term hieroglyj)hic« was also used by writers in the 16tfi
century to certain emblemata which they invented and illustrate<l, and
by astrologers and almanac makers to the symbolical pictures, by
which they pretended to show the events likdy to happen in the
course of the year. •

(For the principal works on hieroglyphics, the reader is referred to
Young, Account of Ditcoveriet in Hieroglyphical Literature, 8vo. Lond.
1820; ChampoUion, Pr^cit dn Sytt^ie HUrogliiphique, 8vo., Paris,

1824 ; Orammaire Sggptiennt, to., Paris, 1830 ; Lepsius, Lettre &
M. Jiotdlini, 8to., Rome, 1837 ; Brugsch, Scriptura demotica, 4to.,

Berlin, 1848; Birch, Introduction to the Study of the Hieroglyph*,
12mo., London, 1857.)

HIGH COMMISSION COURT, a tribunal esUblished by Queen
Elizabeth under the authority of a clause in the Supremacy Act ^1 Eliz.

c. 3), which exercised arbitrary power in matters of luth and in
ecclesiastical concerns, as the Star Chamber did in cinl afiairs. The
commissioners were forty-four in number, of whom twelve were
ecclesiastics, and three commissioners constituted a quorum. Their
jurisdiction extended over the whole of the kingdom, and was not con-
fined to the clergy, but included all classes. They were directed to
visit, reform, redress, order, correct, and amend ul errora, heresies,

schisms, abuses, ofiences, contempts, and enormitiea whataoever, which
by any ecclesiastical authority whatever might be lawfully ordered or
corrected. The commissioners, or any three of them, judged at their
own discretion of any speech or writing which tended to heresy or
schism. All appeals from the inferior ecclesiastical courts were carried
before the Court of High Commission. The court was empowered to

punish incests, adulteries, fornications, and to inquire into mattera
relating to matrimonial ofTences. Other ecclesiastical courts had been
subject since the Reformation to inhibitions from the supreme courts

of law, but this court was exempt. It exercised its powera therefore

without control, and waa authorised to conduct its proceedings, not
only by the ordinary legal processes, by juries and witnesses, but to

use " ail other means and ways which they could devise." This em-
powered them to resort to the rack, to torture, inquisition, and im-
prisonment, and to proceed, not \\\vm informotion, but at their own
discretion upon rumour and suspicion. The court could bring before

it a suspected person, and by adraiiiistoring to him tin oath, compel
him ,to answer any question, and thereby criminate himself or his

friends. Refusal to take this oath was punishable by imprisonment.
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Fines were levied which often ruined the offender, and he might b
imprisoned for any length of time at the discretion of the court. Th
great object for which the court was established was more especially

to punish any departure from the Act of Uniformity in matters of

religion or in the services and ceremonies of the Elstablished Church.

Elizabeth, in a letter to the Archbishop of Canterbury, said she was
resolved " that no man should be sufifered to decline, either on the left

hand or on the right hand, from the drawn line Umited by authority

and by her laws and injunctions." The Commons remonstrated feebly

against the tyranny of the Court of High Commission, and by way of

answer she granted towards the close of her reign a new patent in

which the powers of the court were in some respects extended.

In the reign of James I. the sentences of the Court of High Com-
mission were most generally confined to deprivation ; but when the

Commoas remonstrated on account of its proceedings he refused to

interfere. In 1610, by virtue of the royal prerogative, he established

a Court of High Commission in Scotland, the authority of which was

readily acknowledged by the bishops and some of the clergy.

In 1641, the Court of High Commission and the Star Chamber were
both abolished, and a clause was introduced into the act which pro-

hibited the revival of the former court or any other of a like nature.

James II., however, issued a new commission, and appointed seven

commissioners to exercise full and unlimited authority over the Church
of England, and with the full powers of the former courts. Sancroft,

archbishop of Canterbury, refused to be a member. Four of the

commissioners were bishops, and the three laymen were the Earl of

Rochester, Chancellor Jeffries, and Lord Chief Justice Herbert. The
Revolution swept away this arbitrary institution.

HIGH CONSTABLE. [Constable.]

HIGH STEWARD. [Stew.vbd, Lord Hioh.]

HIGH TREASON. [Tbeaso.n.]

HIGHWAY. [Way.]
HINDU ARCHITECTURE. [India, Ahchitectcbe of.]

HINDU CASTES. The division of the Hmdus into classes or

castes, with fixed occupations, cxiste<l from the earliest times : the

won] caste is derived from the Portuguese word canta, "race," or
" lineage

;
" in Sanskrit they are called varnaa, that is, " colours." The

most ancient portion of the Vedas alludes to such a division ; and
in the laws of Manu, the Ramayaua, the Mahabharata, .-uid all the

other Sanskrit works of the greatest antiiiuity, we find the system of

castes fully developed. The Greeks who visited the countrj' describe

its inhabitants as distributed iutu certain classes. (Arrian, ' Indie.,'

c. 11, 12; DitKlor. Sic, ii., o. 40, 41; Strabo, xv., o. 1, pp. 4f<50,

Caeaubon ; Pliny, ' Hist. Nat,,' vi., c. IM.) Wo have no means of

ascertaining the origin of this institution. Hecren supposes that it

was founded ufran conquest ; the first three tribes being a foreign race,

who subdued the aborigines of the country and reduced them to an
inferior caste : while others trace it " as the result of that fondness of

perpetuating, like heir-looms, by descent from father to son, certain

offices or the exercise of certain arts and professions, which is so

peculiarly characteristic of almost all nations of the Indo-Gennanic

race."

All tlie Hindu writings recognise only four pure castes : Brahmaos,
Kshatriyas, Vaisyas, and Sudr;«. Pliny (' Nat. Hist.,' vi. 19) ap(«arrt

to have heanl of tlie same number ; but Megasthencs, from whom
Arrian, Strabo, and Diodorus Siculus derive their accoimt, mentions

seven classes:—1, philosophers; 2, agiicultiuists ; 3, herdsmen .•uiil

hunters ; 4, handicraftsmen and artizans ; !>, warriors ; 6, public in-

spectore ; 7, royal councillors. But Megasthenes has evidently sepa-

rateil into distinct classes individuiUs belonging to the same class ; the

public inspectors ami royal councillors belonged without doubt to

the Brahmanical class, as well as the philosophers ; the agriculturists,

herdsmen, and hunters to the Vaisyos; and the handicraftsmen and
artizans to the .Sudras.

The following extract from the ' Jatiraali,' a Sau.skrit work on Hindu
castea, gives the common Hindu tradition respecting the origin of

e.Tch caste. " In the first creation by BnUima, Brahmanas proceeded,

with the Veda, from the mouth of Brahma. From his arms Kshatriyas

spmng ; bo from his thigh Vaisy.is, from his foot Sudras, were pro-

duced : all with their females. The Lord of Creation viewing them,
said, ' What shall be your occupations !

' They replied, ' We aie not

our own masten ; oh, God, command us what to undertake.' Viewing
and comparing their labours, he m.ide the first tribe superior over the

rest. As the first had great inclination for the divine sciences (
lirahme

retla), therefore he wa» Brahmana. The protector from ill (Kshayate)

was Kshatriya. Him whose profession
(
Vaa) consists in commerce,

which promotes the success of wars for the protection of himself and
mankind, and in husbandry and attendance on cattle, he called Vaisya.

Tk> other should voluntarily serve the three tribes, and therefore he
brflmmr a Siidra ; he should humble himself at their feet."

A itrong line of demarcation is drawn between the first three ca-stes

and the Sudras. The former are allowed to receive instruction from
the Vedaa, and are considered to have been born again in .a spiritual

sense, whence they are called regenerate. The emblem of this second-

birth is a peculiar kind of girdle or cord, which differs according to

the caste ; and with which a Brahman may be invested from his eighth

to his idzteaiith year, a Kshatriya from his eleventh to his twenty-

MOod year, and a Yaisya from his twelfth to his twenty-fourth year ;

hough in certain cases the investiture may be made in the fifth, sixth,

or eighth year respectively. (' Manu,' ii., 36-38.) A Sudra on the
contrary is not reckoned among the regenerate ; and would, according

to the ancient Hindu law, be put to death for reading the Vedas.
The Brahmans possess the exclusive privilege of teaching the Vedas,

and were in former times in the exclusive possession of all knowledge.
Though the sovereign of the country was chosen from the Kshatriya
class, the Brahmans possessed the real power, and were the royal

councillors, the judges, and magistrates of the country. (• Manu,'
viii. 1, 9, 11.) Their persons and property were inviolable; and
though they committed the greatest crimes, they could only be
banished from the kingdom. (' Manu,' viii. 380.) They were to be
treated by sovereigns with the greatest respect; for "a Brahman,
whether learned' or ignorant, is a powerful divinity." (' Manu,' ix.

313-317.) The curse of a Brahman could consign even the gods to

misery ; and the Ramayana and Mahabharata contain numerous
instances of the withering effects of such a curse.

The proper duty of a Brahman is to teach the Vedas, to perform
sacrifices to the gods, and to meditate upon divine and holy o'ojects.

At an early age he is placed under the instniction of a Brahman, called

a Gam, whose commands he is bound to obey, and whom he must
reverence as a spu-itual parent. When he arrives at years of maturity
it becomes his duty to marry, and to leafl a life of religious contempla
tion. He ought to be supiMrted by the contributions of the rich, and
not ,to be oblige<l to gain his subsistence by any laborious or useful

occupation. But as all the Brahmans could not be maintained by the
working classes of the community, it was found necessary to allow them
to engage in other occupations ; and it is accordingly provided in the
laws of Manu, that a Brahman, tuiable to subsist by his religious duties,
" may live by the duty of a soldier, and if unable to get a subsistence

by this employment, may subsist as a mercantile man, applying himself

to tillage and attenclance on cattle." (' Manu,' x., 81, 82.) In seasons

of distress a further latitude is given. The practice of medicine and
other learned professions, painting and other arts, w^ork for wages,

menial service, alms and usury, are .among the modes of subsistence

allowed to Brahman.s. (Colebrooke, ' On Indian Cl.asses,' in ' As. Res.'

vol. V. ;
' Miscell. Essays,' vol. ii., pp. 186-7.)

The Brahmans still hold the first rank in Hindu society and are

treate<l with great respect in all parts of Hindustan. But in con-

sequence of the conquest of the country by foreign rulers, and the
prevalence of many sects that have rejected their authority, they no
longer possess the power they once enjoyed. The increasing acquaint-

ance of the Hindus with the Enghsh language and literature, and the
establishment of public schools, are tending still further to diminish
their influence.

The Brahmans are separated into two great classes, one of which
occupies the countries towards the north, and the other the countries

towards the south. The southern Brahmans " hold in great contempt
those from Kasi or Benares, as being men from the north ; and would
not even admit them to the honour of eating in their houses. The
northern Brahmans are however at least as proud as those from the
south, and allege several reasons for holding them in contempt; 'among
which the most urgent is, that the women of the southern Brahmans
are allowed to appear in public." (Buchanan's ' Journey from Madi-as
through Mysore," &c. In the Deocan the Br.ahmans are also divided
into Vaidikas, who subsist by charity, and dedicate their lives to study
and devotion ; Lokikas, who follow worldly pursuits ; and Numbis,
who officiate in temples and perform menial duties to the idols.

The Kshatriya, or military class, is said by the Brahmans to be
extinct. The decay of the Kshatriya class may h.ave been owing to the
peaceful habits of the people and their free<lom from foreign inviwion,

and the consequent want of employment for a miUtary class. But
according to an ancient tradition the Kshatriya caste was destroyed by
Parasu Rama, the sixth incarnation of Vislmu, and their land bestowed
u|wn the Brahm.ans. The laws of Manu appear to refer to the same
tradition in a passage where a list of Kshatriyas is given who, " by the
omission of holy rites and by seeing no Brahmans, have gradually
sunk among men to the lowest of the four classes." (x. 43, 44.)

The duty of the Sudra is servile attendance upon the higher claases,

and especially the Brahmans) but he m.ay also follow mech.anioal
occupations, as joinery and m.asonry, and practical arts, ,as painting and
writing ; and although a man of a lower tribe is in general restricted

from the arts of a higher chtss, the Sudra is expressly permitted
to become a trader or a husbandman. (Colebrooke, ' On i Indian
Classes '

—
' Miscell. E.ssays,' vol. ii., p. 187.) The statements of

Robertson, Mill, and many other writers, respecting the strictly

hereditary nature of all trades and occupations in India, are con-

siderably e.xaggerated. The liberty which is given to the Brahmans,
even by the laws of Manu, h.a3 already been remarked ; and a similar

latitude is allowed to the Kshatriya and Vaisya classes. Mr. Cole-

brooke, whose opinion, from his extensive acquaintance with Hindu
literature, and from his long residence in India, is entitled to the
greatest respect, remarks, '* tliat almost every occupation, though
regularly it be the profession of a particular class, is open to most
other tribes ; .and that the limitations, far from being rigorous, reserve

only one peculiar profession, that of the Brahmana, which consists in

teaching the Veda, and assisting at religious ceremonies." It is the

opinion of some Europeans who have acquired an accurate knowledge
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ot the maimcn and oiutoma of tha atUvw, that BuropwiM in gaoenl
ghra too muoh credit to tha iwrHom of tho natJTM eoBceming tha nilea

d thair oaite, which ara aommonly allaged an an ozouaa for declining

any duty that ia diaagnwalile.

A great portion of the populatiun uf India does not belong to any of

tha four |>ur« ca«tea. The indiriduala who form what u usually

termod tho impure ur mixed clasaea, called in Sanskrit yama-Sanbira,
that is, " mixttua or confusion of chuaea," are either the original

inhabitants of the countiy who hava never profeaed the Hindu faith,

or peraona who originally belongad to one of the four pure classes, and
have either lost casta themaeives, or are descended from thoae who had
loat caste, or tha ofEmring of maniagea between persuns of different

castas. The faults wnich occasion a kst of caste, and fur which uo
pardon can be given, are— 1, Sexual interoonrae within tlie prohibited

degree of oonaanguinity ; 2, Sexual intercourse with any prohibited

olaai; S, Eating furbidden fruit, or drinking intoxicating liquors;

4, Stealing ; 5, Slaying an^ animal of the cow kind, or of the human
spemes ; but a Brahmin u |>ormitted to kill his enemy in battle ;

5, Eating in company with persons of another caste, or of food dressed
by their impure hands^.?. Eating on board a ship food tluit has been
dressed there ; 8, Omitting to perform the ceremonies due to deceased
parents. But the greater number of impure or mixed classes has
arisen from the intermarriage of penions of different classes.

Numerous other classes are funned from the intermarriage of the
twelve mixed rlsssw that have already been emunerated. One of the
best known of the impure classes is that of the Pariahs, a corruption of
the Tamul name Parriar, in the Deocan. They are called Malitcanlu
in Telingsua, and Walliant in Camata. Their ntmibers are very con-
siderable.

There are other tribes, which are considered inferior even to the
Pariaha, Such are the PaUii and the Puliat, in the southern port of

the Deocan ; the Cnrubariu, the Lambadu, the Diimbarut, the Chenta
Carin, and many others.

UINQE, a kind of joint, usually made of iron or brass, upon which
"doors, gates, shutters, box-covers, ic, are made to turn in the act of
opening and shutting. Hinges are constructed in a great variety of
forms; but in most of the commoner kinds the action is that of a
boUow cylinder working round a fixed central pin. In CoUinge's
patent hinges, which are peculiarly adapted for hanging large heavy
doors and gates, the principal rubbing action is between a hollow cap
and an accurately turned sphere, formed, as it were, upon the end of a
pin : a cavity being provided for the reception of a supply of oil to
lubricate the rubbing surfaces. Kedmund's ruing hingee, so frequently
used for hanging roum-doora in houses of superior character, have, like

ordinary hinges, a hoUow cylinder divided into two or more portions,
attached one to the door and one or more to the door-poet ; but instead
of the hollow cylinders being flivided transversely at right an^, they
lue divided by spiral ur rather helical lines. The result of this con-
trivance is, that when the door is opened it is Ufted up a little from
the floor by the sliding upon one another of the inclined helical sur-

faces ; so that although the door may shut very close to the floor, it

rises when opened, to a sufficient height above the floor to allow its

low^ edge to clear the carpet. Another advantage of this kind of
hinge is, that the weight of the door acting upon the inclined rubbing
surf.-icea of the hinges, causes it gently to close itself so soon as the
hand is removed from it ; but as this might in some cases prove incon-
veoient, a modification is introduced to allow the door to remain open
at 90*, or more. In some cases a small K]>ring is attached to hinges of
this description, to aid the closing of the door when it has been opened
but a little way. Hinges supplied with much more powerful springs
ara often used for the doors of public offices, where it is desired to
rander the dosing of the door both certain and quick. For such doors
hinges which will open in either direction and cause the door to spring
back to its original position are often used. MTiitechurch's ingenious
hinge is an apparatus by which doors or windows may be opened
at pleasure either on the right or left band ; or by which, in other
words, either edge of the door may be mode, at pleasure, tho opening
edge. A handle is fixed near each side of the door or window, by
turning which the required positions of the apparatus are varied at
pleaaure : the action of this handle being to disconnect or release the
door from the style or post near which it is phtced, and at the same
moment to oompleta ita connection with the opposite style. This
a|iparatua is, however, too oomplaz for general use. Netllefuld'H hinge,
for the doors of book-esses , has acontrivaaoe by which two adjacent doors
opening in contrary directions may be hung without an intervening
style : the two doors being connected together by a hinge resembling
tost by which ordinary doors are hung, and the axis of this hinge beins
eoanected with the edge of a thin partition in the book-case by metu
brackets above and below the hinge, tha space occupied by which is

notched or cut out of the edges of the doora. Doors bung in this way
/old completely back, and the hinges do not offer the slightest impedi-
ment to the removal of the volumes which happen to stand next to
tha partition, and which, were the doors hung in the usual woy, could
only be removed by first taking out those which stand adjacent to
them. Than are many other kinds of hinges of raoent introduction,
but not calling for special description.

HIPPARAJKIN (C,.H.NO,f), a white crystaUiiable substance
obtainc<l m small quantity by the action of peroxide of lead upon

hip])uric acid. It is inodorous and tsstwlaai, Terj soluble in alcohol and
ether, and fuses at 'iW Kahr.
UiPPODHOMK <1«tM(w^>), a Ui^ inclosed apace appropriated by

the andant Uroeks for their hone and ohaiiot races. There appears
to have been httle substantial difference between the Oreek hippo-
droma and the Roman cinoa, except that, from tha Bomans not having
been aoouatomed to allow more tlnn four chariots to compete at oooe,
the circus was mode much narrower than the hippodrome. Bearing
this distinction in mind, and that the number of chariots which ran
neoeantatad a more complicated arrangement of the careem,—they
being placed along a line formed like tha prow of a ship with the apex
towards the area, and each of the sides 4U0 feet long,—a sufficiently

clear conueptiun uf the funu and character of the hippodruiuo will bit

obtained by a reference to the article ClBCLs. The races will be found
described under Oltmpia!! Oames.
HIPPURATES. [HippDBio Acid.]
HIPPURIC ACID ((J„H,N0„ Ht») is found in large quantities in

the urine of the cow, the horse, and other herbivorous animals. It

has also been detected in human urine. It is procured by ev,i|iurating

ihe urine of the horse or cow to a small bulk, and acidulating with
hydrocldoric acid. The mixture dc|x>8its brown crystals of hippuric
acid, which uwy be made white by lioiling with lime, dissolving the
hippurate of lime,^ and again addiug hydrochloric acid, when the
pure hippuric acid is thrown down. It forms large semi-transparent
four-sided prisms, which are sparingly soluble in cold water, and very-
soluble in hot water and in alcohol. Under heat it melts and gives off

benzoic acid, beuzunte of ammonia, and a fragrant oily substance. It
forma salts which are soluble and crystallisable.

Concentrated boiling hydrochloric acid converts hippuric acid into
benzoic acid and sugar of gelatin.

C,.n,NO, + SHO = C,,H,0, + C.HjNO,

Hippuric acid. Benzoic acid. Bagu of gelatin.

When the salts of hippuric acid are fuse<l with an excess of jwtash
or lime they furnish ammonia and benzole, a reaction whiuh is

characteristic of this acid.

The salts of hippuric acid are termed hippuralet.

HIRCIC ACID. This substance was obtained by Chevreul from the
fat of the goat.

To prepare it, the aqueous product of the distillation of the liquid

acid Be|>aratod from the soap of goat's fat is saturated with baiyta.
After having cvaporatetl the solution, the dry s.'dt is decomposed by
dilute sulphuric acid ; the hircic acid then floats on the surface of tha
liquid in the form of an oil.

This acid remains fluid at 32°
; it is lighter than water, smells of the

goat, is insoluble in water, and forms soluble salts with potash and
baryta. It has not beeu analysed.

HIltClN, a principle similar to butyrin, which exists in goat's fat

and in mutton suet, combined with ulein. lUi niuue is derived from
liircut ; and it is obtained from the fat of the goat by a process siniiliu-

to that by which butyrin is procunxl, from whicli it appears to (lifl'cr

by yielding hircic acid, by treatment with the caustic alkalies.

HIRINU OK SERVANTS. ISkbvants.]
HISTORY. The notion that is contained in the word History

appears to be often conceived both indistinctly and incompletely. If

we trace the word to ita original {iirropla), which nimply means
" inquiry " or " search " after fact'!, and includes the notion of
recording them, we obtain a notion which, though distinct as for as it

goes, will not enable us to distinguish histoiy from annals [Ankals]
;

and if we examine a series of works which bear the luime of histories,

we shall find many of them deficient in every characteristic which shall

be sufficient to distinguish them from bare records of events arranged
in chronological order.

In modem times a popular use of the word history has obtained,
which may help us in arriving at a more precise notion of what is

included in the term. Such expressions as a " History of the Steam-
Engine," a " History of Piinting," Ac, are in common use, and are
imderstood to signify a statement, arranged in chronological order, of
the original discovery, and of the various steps and processes by which
such discovery has Iwcn perfected, and the art, which is the subject-
matter of the history, has been brought to its present state. Such a
liistory, then, is nothing more than the explanation uf the present con-
dition or state of any given thing, by connecting it with aii explauition
of all the previous states of the same thing. But whatever propriety

there may be in such an application of the word history, it is obvious
that a bare narrative, however complete, of the successive mechanical
oontrirances by which the steam-engine or the printing-machine have
advanced from their first rude beginnings to their present perfection,

cannot fully satisfy the desire of knowledge when it is once called into

action. If the description of such successive mechanical improvements
were not connected with social progress, the scientific exhibition of

such development, though it might interest the few, would not com-
mand the attention nor excite the sympathies of the many. And this

leads at once to the conclusion that the various steps and processes by
which every art and science has been brought to its present state, cannot
be viewed simply by themselves, without relation to each other, and
without relation to their effects on the happiness of mankind. All
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8ueh special history, then, is viewed by us, though often unconsciously,

as nothing more than an exhibition of the progress and perfecting of

certain elements or ingredients which help to make up that entirety

which is called society,—a word which expresses an aggregate of human
beings and the infinite relations which unite them.
Another example of history in a limited sense, and one which brings

\13 a step nearer to a proper conception of the subject, is the life of an
individual. That branch of the historical art which treats of tte life

of an individual has long since obtained the specific name of biography.
The reason why this species of composition has .ilways given so much
pleasure, and often conveyed so much instruction, is clear. To desire

to know the past, to ascertain how that which now is became what it is,

and the successive steps of its development, is an active principle in

our intellectual and moral composition. It is this which stimulates
the geologist to his minute investigations into the phenomena which
present themselves on the surface of this globe. He labours, if not
with the hope of finally attaining a complete view of the successive

stages which have determined the actual state of things, yet with the
reasonable certainty of learning something, and of being rewarded by a
more exact and comprehensive view of the whole present condition of

the earth. Such is the interest which some few individuals can create

for themselves in branches of investigation which to mankind in general
are distasteful or repulsive. But everything which concerns a human
being excites the universal sympathies of mankind ; and when we hear
of those who have greatly dared or suffered, or those who by their

talents and virtues have been the benefactors of mankind, or by their
vices have inflicted misery on thousands of their own and succeetling
generations, we desire to know all the minutest circumstances of the
parentage, education, and life of such individuals. We desire to know
how they finally became possessed of that character which distinguishes
them from other men, and how they finally accomplished that for which
their names are remembered. The history of an individual is so far

like the history of a nation, that it involves a progress from a beginning
to a certain definite point ; and though the life of an individual cannot
be viewed detached from that of his age and country, it possesses for

all the purposes of instruction a sufficient analogy to the Ufe of a
nation. The commencement of the national life is generally hidden in
the obsciuity and the meanness of its origin ; its termination, also, is

not marked by any event so distinct as tliat of an individual death, but
its condition at any one state, like that of an individual, is to be deduce<l
only from a full comprehension of all the preceding circumstances of its

existence.

We may then conclude that the history of any nation is a statement
in chronological order of the vjirious actions and events by which the
society which constitutes th.at nation has attained and is in its actual
state ; meaning by its actual state (so far as such a term is capable of

definition), its aggregate means of happiness. But though such a state-

ment as wo have just mentioned of actions and events, when they are
judiciously arranged, will of itself indicate the general principles which
from time to time have more or less affected the condition of society,

the piUT)ose of the historian is diatingiiished from the labour of the
annalist by the philosophical character which he gives to his work. It

is true that history, even thus viewed, may be written by one man
more particularly with reference to one kind of actions and event*, and
by another man more particularly with reference to another kind ; but
as the subject of history is the progressive development of society, the
historian who best seizes on those things which at each stage charac-
terise this progress, will approach nearest to giving his work a real

philosophical character. The religion, the positive morality, the legis-

lation, the education, and the domestic habits of a people, are matters
which intimately affect the happiness of a nation. Their progress in

the mechanical or other arts is not to be overlooked, for their material
prosperity largely influences their moral condition. While, then, the
philosophic historian, in tracing the progress of any given society from
its origin to its development, omits no event in his series that shall be
necessary to link the present with the past, he more particularly
directs his attention to the consideration of those civil and religiovis

institutions, and to those popular notions of right and wrong, of virtue
and vice, which lie at the bottom of every society that has exi8te<l or
does exist, however disguised or obsciu-ed by the structure which has
been reared upon them. To trace to their origin, and to view in their
simplest forms, these elements of society,—to seize with precision and
completeness their characteristics and their differences,— to follow
them in the progress of their development and modification, both as
influencing and being influenced by the new elements which from time
to time enter into the composition of society, and so to show at each
atage of its progress, not only the condition of society, but the causes
which determine such condition,—such may be called a philosophic
exhibition of history, or, in other words, a determination of the general
principles which govern any given society, and the consequences which
flow from them.
As this determination of general principles and of their effects forms

the scientific part of the subject of history, so the mode of treating and
exhibiting such a subject is the artistic part. No exact rules can be
laid down for the treatment of history as a branch of art. It may be
limply nid that while the main object is to instruct, it is ako an object
to please, independent of the pleasure given by the mere communica-
tioD of knowledge ; that out of the infinite number of events which

ABT8 AHD 8CI. D(V. VOL. TV,

mark the progress of society, a few are often sufficient for the purpose
of the historian, and that in the selection of the most appropriate
he will show his judgment and skill ; that while he clearly points out
those great principles which have had most influence on the condition
of society, he will not overload his work with reflections which the
matter will suggest to the reader ; and he will often not do more than
put him in the way of following out a train of thought. His art will

often teach him to conceal his purpose of instruction, when his work
wiU not be prejudiced by his apparent forgetfulue.ss of the dignity of

his subject.

To enumerate among the historian's qualifications those of industry,

integrity, and soimd knowledge, or to detail all the qualifications for

executing his task in the best possible manner, would be superfluous,

if not impertinent. We will, instead of this, briefly consider the value
of his labours when complete, and the advantage which his readers

will derive from a careful perusal of his work and an examination of

the original sovu'ces.

It is a common remark that all history is uncertain, and if the
remark were true to the full extent, there would be little use in

attempting to show the value of that which cannot be known with
certainty. But though many events, or rather the circumstances of

such events, are uncertain, the most valuable part of history rests upon
monuments which have no imcertainty in their cliaracter. The
positive institutions of every civilised coimtry, its laws and it.^

literature, are facts recorded, which are rich in instruction, independent
of their being evidence of an infinite number of other facts of which
they are conclusive proof.

The study of these monuments, whether prosecuted imder the
guidance of a historian who has used them in the construction of his

work, or followed out by individuals according to their own judgment
and mainly with reference to some special branch of inquiry, is one of

the noblest subjects that can engage our attention. Such a study aims
at the philosophical [exposition of what now is, by reference to what
has led to it : it shows what principles lie at the roots of our social

system, what they once were, how they have been modified, and what
they now are. Knowing what each thing now is, and how it came to

be what it is, we are better enabled to form a conjecture of what it

will be, and how we may best fashion it to our piu'poses. Thus, we
learn in what circumstances change may be made with advantage

;

and knowing, from the experience which history teaches, that changes
in our social relations become necessary in the course of time, and can
neither be resisted with safety nor safely left to be directed by the
blind impulse of numbers, we learn how to introduce such changes
with the least chance of injury. But such a study, to be prosecuted
with success, must be the occupation of a whole life : and if the active

man of business into whose hands legislation and administration have
been entrusted by choice, or fallen by perverse accident, has neither
leisure nor capacity for so extensive a survey, he ought to leani enough
to know his incapacity, and to ask counsel of those who are able to

give it.

For him who would aspire to the high rank of a reformer of the
institutions and the laws of his country, a sound and comprehensive
knowledge of the leading notions contained in such institutions and
laws, and of their progressive development, is ab.^oluteIy essential to

success in attempting any beneficial change. For in every case of

change, the question is not merely, what would be best in the forma-
tion of a new society (if such a thing as the formation of a new society

could for a moment be supposed), but the question is—what is best in

the actual circumstances : and a full or a competent knowledge of

actual circumstances must from the very nature of things comprehend
a knowledge of previous circumstances.

To those whose business it is to interpret the laws of their country,
whether in the way of giving advice or of judicial exposition, a full

knowledge of fundamental principles, whether expressed in written
laws or resting on recognised customs, is indispensable, in order to

enable them to solve the numerous difficulties which attend the
complete exposition of rights in a society which has existed for

centuries continually progressive in wealth and in numbers. Such an
active and living principle can alone maintain the study and the
exposition of law in a state of healthy vigour in the midst of the com-
plicated relations of modem society ; and such alone can foi-m a sound
basis on which to construct a code, if ever the experiment should be
foimd advisable.

What are the advantages of a comjilete liistorical study to the
philosopher, who would operate upon the popular opinion and impress
on his countrymen and the world those principles which he has
discovered, or believes, to be the best principles of human action ?

While the mass, who are intolerant of the labour of inquiry and
reflection, or are deficient in the power of giasping general principles,

cling to every existing thing, and every traditional opinion, with the
instinct of self-preservation, those who possess, or think they possess

(which is the more common case) enlarged philosophical principles,

are apt to overlook the conditions which are necessary for their

practical application. Thus each actually existing school of philosophy

expects to accomplish everything in its own day : it despises the

knowledge of the past, and would anticipate the enlarged experience of

the future. But the effort to unsettle what has long existed fails

before the inert resistance of accumulated ages, embodied in the
y V
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o^rinloiii, sod iartitatSoiia of the actual gmeratioo. The
Mrtteipatmn of uniraml change and eompleto rammation of aociAl

habiU and opinion* i« indulged in for a few nhort yean, aometimeii

mingled with contempt of tboae who pertinacioiwly look beliind them,
instead of embracing the offered maaaa of ptrfpctiUility and throwing
awaj all doubt* a* to the future. An inxtriictive Iruon i« all th.it

remain* of th«ee brilliant expectation*. Wc Iran) the folly of wreetling

with A |Kiwer which we have not duly cdininUsI, and of opposing to

opinion* and habit* hardened by the growth of centuries, even the

aouudest concluaions of our philosophy, when unaided by the experience

of histo^.

HOAR-FROST. The cireumiitances of terrestrial radiation, chiefly,

but not ezdiinrely, nocturnal, umler which the aqueous vapour of the

atunwiihBie becomes condensed npiMi the bodiee in contact with it,

lunra alnady been diacntssd and cx|>lainod at some Irnt^th in the article

Dbw. U the temperature of those bodies be minced l>clow the

freeainK point of water, hoar-frost is produced, the most characteristic

fonn of which diSign from dew only " by being frozen in the moment
of deposition, and therefore accreting in crystalline spiculie." But it

oeeaaionally happens, as also mentioned already, that after the globules

of water ooostitutiiig dew have been deposited, they are frozen, and
become another form of hoar-frost.

In calm weather of the requisite low temperature, without fog, hoar-

froat is seen in neat perfection, especially in those moniings which
an preceded by dear and cold nights, accompanied by a great deponi-

tion of moisture, or of what would bare been moisture bad not tlie

freenng prooees interfered. It then imparts to trees and shrulw, and
ont-door object* in general, a great degree of beauty and richness of

eflhct, fringing the leaTes of plants with myriads of spiculx, ouspended
aHhar parallel to each other, or inclined at various angles, of all length*,

erosainK and reorossing, and forming innumerable' combinations. In
soma ODaarvation* by Mr. QUisber, first publi!<hed in the ' Philosophical

Tranaaotions ' for 1847, and subsequently in the Report of the Council
of the British Meteorological Society for 1854, he describes the manner
in which these spiculti! were formed on ^•ariou8 plants. " The Uavet of
iht lawrtl" he foimd, " were fringed with spikei* one-tenth of an inch in

length, and inolinetl to the leaf both upwards and domiwards at an
angle of t;0° ; but none were in the plane of the leaf continued. On
the surface of the leaf were Bpikcs down each fibre, one-sixteenth of an
inch in length. The leaf itself, in the intermediate spaces, was covered
with small white particles. The Itares of the privtt were richly fringed
with spikes for a quarter of an inch within the leaf ; the spikes were
about a quarter of an inch in length Broom was roast richly

•Donisted with spikes all round ; by far the greater number, and longer

than the rest, springing from the sides of each branch. There were
oomparatively few on the top, and none there were vertical. . . . Gratt
waa very beautiful. The blade I found to be covered with white par-

tidee, which increased to spikes, becoming longer and larger the further

from the root, terminating at the top in a rich circular cluster of

spikes, set at all anglea from 0° to 60', and one-tenth of an inch in length.

The spikes towanis the end of the blade were nearly horizontal, or in

the plane of the blade continue<l. The lower part towards the root

waa free and nntouclietl by frost." From this latter circumstance, and
that preriously mentioned of the increase in magnitude of the spikes

in proportion to their distance from the root, it may bo inferred that
the regetable heat in that region of the plant counteracted the reduc-

tion of temperature by radiation, which had occasioned the deposition

of hoar-frost on the biadee.

Guided as he had been in lus experimental researches on terrestrial

radiation, and on the deposition of dew, by those previously instituted

by Dr. Wells. Mr. Glaisber made a series of experiments also on the
formation of hoar-frost on various substances exposed to the atmos-
phare under the requisite conditions.

Olaai, raised one inch high above the ground, was covered with spikes
me-aixtieenth of an inch in length, and all arrangefl horizontally at the
•dges. Glass on grass was free from hoar-frost, doubtle-ss on account
of thagraater radiating power of the latter, the atmosjAore in contact
wMi taa glaai remaining at a higher temperature.
On metals, such a* copper, lead, zinc, tin, iron, &c., there were

nsither Uminas nor spikes of any kind ; but tin, raised one inch high,
waa a little whitened at the edgca.

Of three forms of carbon, all powerful radiators, on charcoal and
graphite there were spikes in rich chuiteni, each group radLiting from
the same point, the spicula: being generally inclined at all angles ; and
on Ump-lilack the spikes were very numerous, being about three,
•ightfas of an inch in thickness, and inclinc<l at an angle of about 30*,

and at all aaimuths, or in every direction wntli respect to the cardinal
points ; each cluster formed a circle, in the centre of which there were
no spike*.

On sand there were spikes one-fourth of an hich in length. Chalk
waa covered with a mass of spikes of the same length, ^\^uting, which
la chalk prepared by grinding, and suspension in woter, and sulisequent
alight consolidation, was covered with rich bunches of si>ikus three-
eigntha of an inch in length.

Of cotton wool, every fibre was encrusted with a beautiful fringe of
hoar-frost, ami there were also a few spikes of ice. Upon flax Uiere
were no spikea, it lieing oorerad with white round particloe (globulea
of dew froien f) with amall sparkling flakes of ice. Wood waa covered

w^ith spikaa a quarter of an inch in thickneas, incline<l to the horicon at

an angle of 60', and at all aaimuths. Saw<lust was very beautifully

coverM with spicula &na, formed by aeveral spikes emanating from
the aame point at all anglea greater than 80* wiUi the horison. These
spikes were connected with each other by lateral spikes or bands, the

whole forming the appearance of a fan, whoae estoit was 1 20*. Paper

waa covered with small round partiolea and a few spikes.

Raw wool was richly clustered on each fibre, so as to be about six

times ita own siie
;' the spikea ware three-fourths of an indi in length.

and piled one upon another. Raw wool raised was similarly covered

to flu, and displayed only a few spikes nmning in the direction of ita

fibres.

Raw silk was covered with spikes one-sixteenth of an inch in length,

two of which emanated from the same point, at right anglea to the

fibre, and whose angle of separation waa 80*.

The various modes of aggregation of the minute crystals of ic«

which constitute hoar-frost, are evidently dependent on dUTerences fat

the texture, and in the radiating and conducting powers of these

materials, and present a field for investigation hitherto little cul-

tivated.

In Kngland generally, as the observation* of the late Professor

Daniell, confirmed by the reeearehes of Mr. Glaishcr, have shown,

vegetation is liable to be aS^cted at night, from the influence of

radiation, by a temperative below the freeaing point of water, every

month in the year, even in July and August. This exphiins the

observed bet of the existence of hoar-frost in the early morning, in

every season, even in the mildest climates of this country.

But in the Island of Guernsey, in^tho English Channel, where frost

in general is neither frequent nor laisting, hoarfrost, according to Dr.

Samuel Elliot Hoskins, F.R.8., is also of rare occurrence, owing

partly to the high night temperature, and partly to tiie constant

presence of a breeze, more or less fresh. Neither is hoar-frost general

in the island when it does take place, being confined to elevated and

bleak situotions, and chiefly limited to the months of January and
February. Spring vegetation here therefore is rarely checked by that

condition which seriously interferes with early crops, even in the mjld

districts of Devonshire and Cornwall, where the husbandman is often

driven to the necessity of protecting e-vly vegetable priKluctions by
slight layers of straw, in order that they may not be chilled by their

own radiation and the consequent deposition of hoar-frost upon them ;

or to the moro troublesome operation of lighting fires to w^indward

during cold clear nights, in order to produce a warm and virtually

cloudy local atmosphere, and so to counteract the radiating process

and its consequences.

Ice is also formed on the stems of planta and on certain inorganic

bodies, by a process very different from that resulting in the produc-

tion of hoar-frost, with wliich, however, it is popularly confounded.

The tacts respecting it will be stated in another article.

[Dew; Hail; Ice; MrTEOROLOOt; Radiation of Heat ; Snow.]

HOE, HORSE-HOEING. The hoe is an instrument used in

gardens and in the fields for loosening the earth, and destroying the

weeds between plants. It has various fonns. The most common hoe

consists of a blade or flat piece of iron, with an eye in wliich a handle

is inserted at an acute angle with the plane of the blade. This hoe ia

used by striking the edge of it down into the ground, and the earth is

moved by drawing the handle towards the workman. Another hoe has

the handle at a very obtuse angle, and is >ised by pushing it forward

and cutting off the weeds an inch or less under the surface of the

groimd. Hoes are made of different sizes and shapes according to the

work which is to be done. When the earth is to be stirred between

plants which are very near each other, the hoe is narrow and pointed,

so that the smallest weed may be taken out close to the growing plant.

When the distance is considerable, the hoe is wide, and sometimes

comiwunded of several hoes, in order to stir a greater width of earth

at once.

One of the greatest improvements in practicJ agriculture has been

the introduction of the hoe into the field for every kind of crop. Peas

and beans were probably the first croiw which were sown in rows for

the purpose ef hoeing the intervals
;
potatoes, turnips, ami carrots

were probably the next, and the good effects produced on these crops,

by stirring and hoeing the intervals between the plants, have led to

Se drilling of every other kind of produce which is apt to be injured

by weeds. Hand-hoeing not having been found sufficiently expeditious

on a largo scale, a hoe has been invented of a larger form to be drawn

by a horse. The rows liavo in consequence been widened, and this has

introduccfl the horse-hoeing husbandry, which, half a ccnturj' ago,

was tboueht so important a discovery as to receive the name of

the New Husbandry. The great promoter of this system was Jcthro

Tull, a gentleman from near Hungerford in Berkshire, who having

ol)eervcd the good effects of stirring the soil .irotmd plants, imagined

that tillage might suiK-ineile all manuring, and that by keeping

the soil free from weeds and continually stirred and pulverised, an

inexlukustibic fertility might be nnxluccd, and successive crops of the

same Und might bo raised without limit The horse-hoe was the

chief agent in this system, which imitated that of alternate crops and

fallows; for the intervals between the rows in which the seed waa

sown were kept in a constant state of tiUage, and thus fallowed for the

reception of the seed tor the next crop. Although these high expecta-
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tioiifl were not fulfilled, the hoeing of the intervals has caused a very

great increase in the produce of the land, especially when united with

judicious ploughing and manuring, and a proper succession of crops.

The simple horeehoe is an instrument with a beam like a plough,

and two stilts or handles, but much lighter ; in this beam, and in

branches from it are inserted, instead of coulters, the ends of iron hoes

of the proper breadth to stir the whole surface between the rows. A
aaail wheel ia generally added to keep the hoe at a proper depth in

the soil.

A horse draws the instrument, which is held and guided like a

plough.

From this simple instrument a variety of others have been invented

of a more complicated nature, but the object of them all is the same,

namely, to stir the ground between the rows, and destroy the weeds as

fast as they api>ear.

This horse-hoe is now chiefly used in the cultivation of peas, beans,

potatoes, cabbages, turnips, and carrots.

The effect of hoeing is remarkable in very dry weather. Although
the stirring of the soil would seem to extract what little moisture

there might be in it, and the weeds wither on its surface, it soon

appears that, on the contrary, moisture is attracted or produced, and
the plants which drooped before appear refre8he<l and invigorated.

This is probably effected by a chemical action of the air on the vege-

table portion of the soil and on the roots of the plants, which have the

power of combining the gaseous principles in various ways. \V'hatever

be the mode in which it acts, experience has proved that the more
the earth is stirred around plants the better they thrive.

When the intervals are very wide, as is the case where potatoes,

tumiiw, or cabbages grow in rows, a light plough, with one horse,

going up and down the intervals, answers the double purpose of a hoe
and plough. It stirs the ground to a greater depth, and can be guided
nearer to the growing plants than the common horse-hoe. It also

turns the soil over into the middle of the interval, from which it may
afterwards, when it has been improved by exposure to the air and rains,

be thrown back towards the roots and stems of the plants.

The operation of hoeing cannot be performed too soon after the
plant has shot out its roots, because the ground may then be stirred

very near the yoimg plant without danger, and the roots will spreatl

readily in the newly-stirred soil.

In stiff soils it is often very difflcult to use the horse-hoe, owing to

the hardness of the surface, which rises in lumps, the very reverse of

what is intended ; but a little attention to the time of hoeing and to

the weather will generally obviate this difficulty. If the soil is bound
at the surface, it is a proof that the preceding tillage has not been so

perfect as it ought ; that the ground has not been fttirred to a suffi-

cient depth before winter, nor laid up sufficiently dry, or tliat it wants
underdraining. There are few soiL< which may not be made mellow
and crumbling some time or other in spring, and if the proper time be
chosen for the first hoeing, the surface will scarcely ever become so
compact as to rise in large clods. In the case of a very tenacious soil

the small-spiked roller may be had recourse to, and aifter using it a
few times in dry weather, the surface will be left in a fit state for the
common horse-hoe. The method usually adopted in the horse-hoeing
husbandry has been taken from the common cultivation of the maize
or Indian com in Lombardy. The rows there are about 27 to 30
inches distant : as soon as the plants are out of the ground, the earth
is taken from the plants and laid in a ridge in the centre of the interval

;

here it is exposed to the sun and rains, which, besides killing the
weeds, makes it much finer. In this state it is thrown back upon the
plants and laid against the stems, which strike fresh roots into this

mellow ground. But this will not be equally proper with all plants
and in. all soils. Both potatoes and cabbages are much improved by
heaping up the loose soil over them ; but this is not the case with
many other plants. The beet, for example, while it is growing and
swelling, is not benefited by ha\'ing earth thrown round it, for this

would induce the root to send out fibres sideways, whereas they
should strike downwards in search of moisture. Turnips need not be
covered with c.irth from the intervals, but they may after growth be
protected from the frost by this covering. By attending to the gron-th
of any plant we may soon discover when it is advantageous to move
the earth from the roots and stems, and when it is best to draw it up
arovmd them. With respect to the destruction of weeds, there can be
no doubt as to its great importance to all crops. It is generally sup-
posed that every time that wheat ia hoed judiciously, more than a
bushel per acre is added to the crop, besides the benefit which the
laud receives by eradicating the weeds. Two or three good hand-
hoeings will often so completely clear a field of weeds as to render
superfluous the fallow which would otherwise have been necess-ary,

and thus save all the expense of fallowing and the loss of one crop in
four or five.

A great oversight is often committed when a field is hoed. The
parts nearest to the fences and the sides of the banks, where the

Ctigh has not been able to go, arc seldom hoed ; but these pirts
ome by neglect prolific nurseries of all kinds of weeds, which ripen

their seeds, and disseminate them all over the field. No part of the
surface should be left uuhoed ; and when the hoers leave a field, they
should be able to defy any one to pick up a growing weed in it.

Those who employ labourers to hoe a field, at a certain price

per acre, should be careful to see that the whole ground between
the rows and the plants has been stirred ; for it is a common trick to

throw the earth over the growing weeds, and bury them only, without
cutting them up, by which instead of being destroyed, they flourish

more vigorously.

The best time for hoeing stiff soils is when they ai'e neither wet nor
dry ; when the surface is slightly caked, but there ia moisture below
it, and when the weather is dry after some rain. Light soils can be
hoed at any time, and require it oftener than the heavy, especially

in showery weather.

A horse-hoe, in which a framework 8 or 10 feet mde supported on
large wheels carries twelve to twenty hoes attached to coulters hanging
at intervals of a few inches from one another, is used now in the
cultivation of drilled corn crops dm-ing the earlier stages of their

growth. Messrs. Garrett, of Saxmundham, Suffolk, invented an
instrument of this kind, which has since been largely copied, in which
the width cultivated and number of intervals hoed at once corresponds
exactly with the width and rows which had been sown at once by
the drill. It thus only needs that the hoe be placed on the exact rows
which had been sown at one and the same time by the drill, and any
crookedness or imevenuc^s in the row will be followed by the hoes.

That imevenness is of course common to all the rows of that width, and

I

it only needs, in guiding the framework of hoes which, rigid together,
! hang in one piece, that one row be looked to and preserved, and all

the others will be safe. Garrett's horse-hoe is now largely used in

corn growing districts. One horse will thus cultivate 6 or 8 acres a
day, at a cost of not more than 1«. an acre, where formerly 4s. an acre

was expended in hand-hoeing.

HOG. The hog is one of the domestic animals which is most widely
dispersed through the world, and yields to no other in its usefulness.

It lives and thiives on every kind of food, vegetable or animal. It

grazes like the ox, and will even eat hay ; and its stomach can digest

what few other animals could swallow with impunity. The sow may
bear two Utters in the year, having from eight to twelve, and even
sometimes eighteen or twenty young at a time. No animal converts a

given quantity of com or other nutritive food so soon into fat, or can
be made fat on so great a variety of food.

The food of the hog in a wild state ia grass, roots, acorns, beech-

mast, and wild fruits. He is active and ferocious ; and the boar-hunt,
from the d.inger which .ittends it, is well adapted to excite those who
are of a warlike disposition.

There are many varieties of the domestic hog. The brindled hog
most nearly resembles the mid species ; but although the flesh is

savoury, he does not fatten so soon, nor is he so profitable as the more
indolent and softer skinned sorts are. , The great quality of a hog is

his power of digestion ; the more rapidly he fattens, and the earlier he
can be made to increase in flesh without increasing in Vjone, the better

is the bree<L Some of the small hogs which are brought from China
are remarkable for this quaUty, as well as for their prolific nature

;

and when, by judicious crossing, the size is increased, they are a very
profitable breed. The Chinese pig is short in the head, with ears

pricked up and pointing backwards, very wide in the cheek, high in
the chine, and short in the leg. When a sow of this breed is heavy in

pig, her belly generally drags on the ground. The young pigs of the
Chinese breed, esjjecially the white variety, are excellent for roasters,

at three weeks or a month old. They are small and fat, with little

bone, and their skin is very delicate. They also make excellent porkers
at about three months old, when kept for some time after weaning on
the refuse of the dairy. They may be kept fat from the time they are
weaned till they are fit to be killed for bacon ; and although they do
not come to a great size, they will pay very well' for their food if

killed at a twelvemonth old.

The breed that is nearest to the Clvinese in this country is the
Suffolk. They are generally white, with the cars pointed and rather
forward. They are broad in the chest and loins, short, and compact

:

they make fine bacon hogs at twelve or fifteen months old, weighing
from twelve to fifteen score when killed. The sucking-pigs and
porkers are also very delicate. The Essex breed is mostly black and
white. The pure breed however is quite black, and is so nearly allied

to the smooth Neapolitan breed, which has scarcely any hair, that we
cannot help supiiosing a consanguinity between them. When crossed
with the Neapolitan they produce a breed which fattens at a very early

age, and to an astonishing degree.

The Neapolitan hog is black, without any hair, very plump, with
pricked ears. No breed can excel it in the aptitude to fatten. The
sows often become so fat on very scanty food that they will not breed

:

they are extremely tender ; and if they happen to have litters in winter,
it is difficult to save the young pigs from dying in cold nights. A
cross of the Neapolitjui with some of our hardier breeds greatly im-
proves their usefiibiess, without injuring their aptitude to fatten : the
best cross is with the Berkshire, which is a very well shaped hog, with
short legs, small ears, broad chines and loins, and good hams.
From the prolific nature of the hog it is not difficult to select the

best individuals to breed from. In every litter there will be pigs

better formed than the generaUty, and by careful selection of these
any breed may lie soon much improved without crossing ; but ex-

perience teaches that when the sows and boars are too nearly related,

the fecundity gradually diminishes ; and by continually breeding from



HOQ. HOO.

tiM MOM itoek the aowa at lart produoa only two or three diminutiro
jgi at a litter. Henoe the adraDti^ of frequent onMong. To reatore

Honndiw no breed ia 10 eAotual ai the ChiiMae. Abreedoompounded
of the Berkthire, Chineae, and Neapolitan, may, by careful aelection,

nrodnoe e^aj quality which can be deaired : nunieraun litters, early

ntting, and fine hoga for faaoon at twelve or sixteen montha old, are
the result of care and judicious breeding.
The black hogs are preferred on the whole. They are much less

subject to diaaaaes of the skin than Uie white, and the sun affects

them leas in summer. For auoking-pigs or porkers many prefer the
white, merely for the appearance ; for the black skin i« in general the
finest

There are some very large breedn, which have been reoominended
under the idea that in a huge hog the bone and offal are leas in pro-

portion to the fleah than in a snuJler. But theee large breeds do not
oome so soon to maturity. Tbcy cannot be profitably put up to fatten

till eighteen or twenty months old, or more ; and although aome of

them may make hogs of thirty ur forty score when killed, uey are eo
long fatttuig, and require so much food, that it is very doubtful whether
they pay for it as well as the smaller. For delicate bacon the hogs
killed at a twelvemonth old, and weighing ten or twelve score, are
much preferred; and we are inclined to think that they are moat
pn^fitable. When hams are the principal object the hogs should be
killed before they are so &t as they might be ; and the carcase is then
cut up and pickled instead of bemg converted into dry bacon. To
keep hogs profitably, a regular system should bo pursued both in the
breeding and feeding. Proper hogstyes should he constructed, with
chambers in which the pigs of different ages and the bree<Ung sows
may be kept separate. The food should be prepared for them by
boiling or steaining in an apparatus conveniently placed, and the
greatest cleanliness and regularity should be maintained. It is a great
mistake to suppose that the hog loves dirt. If he con keep himself
clean he will do so ; and the wallowing in the mud is not from a love

of dirt, but from a heat and itching in the skin in warm weather,
which is relieved by rolling in the cool mud. If hogs have plenty of

clean straw and clean water they never will be dirty, and nothing
makes them thrive so quick, or pleases them more, than being washed
and curried regularly. If the hogs are not closely confinwl they will

always lay their diiug at a distance from the place where they sleep or

feed, and in all well constructed styes there should be a small yard to

each apartment, in which the hogs can deposit their dung.
When a sow is near the time of farrowing, which is four months

after she has taken the boar, she should be put in a stye by herself,

with a moderate quantity of straw, for if there be too great an abtmd-
ance she is apt to lie down on the young pigs when they bury them-
aelvee in the loose straw. Sows, although very careful of their pigs,

are very apt to Ue on them, especially when any of them are near a
walL To prevent this it is venr useful to have a ledge of wood six

inches wide and six inches from we ground all round the stye, so that
she cannot lie down close to the waU ; and if a young pig should be
aoddeutally behind her he can take refuge behind the ledge, and thus
eacape being lain upon. When no precautions are taken, one-fourth of

a Utter is often lost in the first day or two after they are born. Soma
sows have the. unnatural propensity of eating their young pigs as soon
as they drop ;

goo<l feeding will prevent this in some measure, but
attention at the moment of farrowing is the safest and surest pre-

ventive. When once the young pigs have sucked, much of the danger
is past.

A sow with many pigs should be well fed ; bran and barley-meal

with milk or whey is the best food
; grains, where they are at hand,

are excellent ; and it is useful to let' the sow go out to graze in a

meadow or clover-field for an hour or two eveir day, shutting up the

pigs during that time till they are a fortnight or three weeks old,

when they may then accompany the sow. A sow will live many years

and bring numerous litters, and the older she is the better nurse she is

in general. When a sow has ten or twelve pigs at a. Utter, and two
litters in the year, one in spring and another in autumn, she is too

' valuable to be killed, and ought to be kept as long as she will breed.

But otherwise it is very profitable to let a young sow have a litter at

ten months old, and spay her immediately ; she will then fatten most
readily as aoon as the pigs are weaned, and the bacon will be as good
as that of a maiden pig. Whenever a sow does not bring a sufficient

number of pigs, or is not a good nurae, or has ever eaten any of her
pigs, she should be spayed and fattened immediately. The young pigs

intended to be kept for stores or for porkers, are castrated or spayed at

t month or six wedu old. The males are then called barrow pigs, and
when fatted make the beat bacon. They are usually put up at a
twelvemonth old, and fatted in three or four months. At first they
have potatoes raw or boiled, mixed with bran, or bean-meal, or they
have dry beans and water. After they are half fat they should only
have pease meal or Inrley-meal and water, unless in a dairy, where
tliay nave the skimmed milk or whey. Hogs fattened on potatoes only
do not make so good l>ac<>n as those which are fatted on com. This is

the raaaon why the home-cured bacon sells so much dearer than the
Irish. When a piece of raw bacon is put into the pot and swells in

the boiUng, it is a sure sign that the hog has been well fed ; if it

shrinks, it may be concluded that he has been fattened chiefly on
potatoes. The labourers in the country, who live diiefly on bacon.

know this well, and always purchase the best fed baoon, even at a
much higher price, finding it most economical. Potatoes are an excel-
lent food for store pigs, and may be given boiled and mixed with meal
in the early part of the fatting process ; but beans and peas make the
firmest flesh, and barley-meal the sweetest Before a hog is killed he
is usually fed for some time on barley-meal and water alone, given as
thick as porridge, and very little if any water is given to him. This
last rule is oft<m carried to too great an extent Much water will make
the food pass through too rapidly, and it will not be digested, but the
hog should never suSisr from thirst or he will not thrive. Before a
hog is killed he should be kept without food for twelve liours at least
He may however have water. He should be killed without giving
him more iioin or causing more struggling than is necessary, by a
resolute stab with the knife in the lower part of the neck, where the
knife may sever the Urge artery which comes directly from the heart
The blood should be allowed to flow freely till it is all out of the body.
The hog, if intended for salt pork, must then be scalded with water
not quite boiling, and well scraped to take off the hair with the cuticle

;

but for bacon it is best to singe the hair by burning straw over the
body, and then scraping the skin. Care must be taken not to allow
the skin to be burnt so as to crack. The hog is then hung up, and
the entrails taken out The inside of the body is washed clean witli a
cloth or sponge dipped in water, that no blood may remain, and the
next day the hog is cut up. The head and feet ore cut off; the chine
is taken out, and the up|>er i>art of the ribs, with tlie backbone, are
cut out, leaving as much fiesh as possible adhering to the fat outside.
The small ends of the ribs remain attached to the Mcon.

liog-tlyt.—Much of the profit of breeding and fattening hogs depends
on the economy of labour in preparing their food. Any place is often
thought good enough to lodge a pig in, and a stye is a word synony-
mous with a filthy place. But in every well arranged farmyard there
should be a convenient place for keeping hogs and feeding them, which
may be erected at a small expense, and which will soon rc|>ay the
outlay. There should be a place to boil and mix the food in, with one
or more large coppers and a steaming apparatus. The food should be
mixed in square brick tanks simk in the ground and cemented, that
there may be no filtratious. If there is only one tank, there should be
a partition in it From the boiling-house there should be an immediate
communication with the feeding-styes, under cover, if possible. Koch
stye should open into a small yard behind, which should communicate
by a door with the principal farm-yiu-d, where the 1mm is situated in
which the com is thrashed, and be enclosed with a low wall or ]xding.

There should be separate styes for breeding-sows, for porkers, and for
fatting hogs. Not mora than three or four of the latter shoiild be in
one stye. The food should be given in troughs, in a separate compart-
ment from that in which the hogs lie down, and no litter should be
allowed there. The floor, which should be of brick or stone, should
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be frequently washed clean, and the trough should be cleaned out

before every meal ; any of the food left from the last meal should

be taken out and given to the store-pigs. A very convenient con-

trivance for keeping the troughs clean is to have o flap or door,

made with hinges, to hang horizontally over the trough so that it
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can swing, and alternately be fastened by a bolt to tlie inside or

outside edge of the trough. A\"hen the hogs have fed sufficiently the

door is swung back and the trough is easily cleaned out. It remains so

till feeding time, when the food is poured in, without any impediment
from the greedy hogs, who cannot get at it till the door is swung
back. This simple contrivance saves a great deal of trouble, and is

exsily adapted to any common stye. It is a great advantage to be

able to inspect the styes without going into them, and this is effected

by placing them under a common roof, which may conveniently be a

lean-to to the boiling-house or any other building, with a passage

between them.
The preceding figure will best explain this, and show its superiority

over common styes.

HOGSHEAD, an ancient measure of liquids, which, not being men-
tioned in the act 5 Geo. IV., cannot now be considered as having any
legal existence.

The hogshead of wine was 2 wine barrels, or 63 old wine gallon.s

;

the London hogshead of ale [Barrel] was IJ ale barrels, or 48 ale

gallons ; the London hogshead of beer was 1 ^ beer barrels, or 54
beer gallons ; and the ale and beer hogshead for the rest of England
was 1 4 barrels, or 51 gallons.

All Excise measurements being now made in gallons, the term hogs-
head remains in use only as the name of a large cnsk.

HOLLANDS. [Ge.neva.]

HOLY ORDERS. [Obdinatiox.]
HOMAGE, an incident of tenure which is now abolished by 12 Car.

II., c. 24. [Feudal System.] The word, according to Sir Edward
Coke, is derived from homo, because when the teniuit did liis service to

the lord, he said, " I become your man," &c.
Homage, accordingto the old English law wiiters, was of three kinds :

by ligeance, by reason of tenure, and ancestral; the distinction

between which is not necessary to state here : the whole subject,

which is now merely matter of curiosity, is explained in ' Coke upon
Litt.,' p. 64, and following pages.

The copyholders, or tenants who attend to do their duty in a court
baron, are called the homar/e,

HOMBERG'S PH0.SPH0RUS. [Calcium ; Ckloriiu: atid Calcium.]

HOMESTEAD. There is in most districts of the country a great
difference between what is required as farm buildings by the intelligent

farmer and what is supplied to him by the landowner. Every writer

on agriculture has described what is wanted, but it is only here and
there that you find specimens which come up to their ideal. Thus,
Mr. Hewitt Davis, ('Practical Essays,') wrote many years ago the
following description of a homestead :

—

"On a well-arranged farm, the following details will have been
attended to, namely :

" 1st. The situation of the homestead will|be central, and hard roads
will have been made to afford free communication between it and all

parts of the farm.
" 2nd. The fanner's residence will have been so placed that he may

see what is doing at the homestead, and have a constant eye on the
Ubourers, the live stock, and property on the premises.

" 3rd. The yards will bo so protected by the stables, cattle-houses,

and bams, that the stock will be sheltered from the east, north, and
west quarters, and open only to the south, and so formed that the
manure will be collected with least possible waste.

" 4th. The bams will extend east and west, so that the sun at noon
may shine on the bam floor, and their south side nmy form shelter

hovels for the cattle to lie under.
" 5th. The open cattle-sheds and pig-sties will face the south or west,

so tliat the sun may shine into them, and the stock may lie dry and
sheltered from the colder winds.
" 6th. The rick-yard will be so situated as to have a quick and

convenient connection with the bams, and be provide<l with rick-

stands on pillars best adapted for ventilation and protection of the
com from vermin.

" 7th. Tanks will have been made for the collection and preservation
of the drainage from the stables, cattle-sheds, and yards.

" 8th. A supply of water will have been provided, in convenient
situations, for the ready and constant use of the animals.
" 9th. Cottages will have been erected on the farm to secure a certain

amount of labour at all seasons, and in situations where the labourers
will lose little time in going to and returning from their labours, and
m.iy assist in the preservation of the property of the farm."
These memoranda will, with few exceptions, serve as a guide in almost

every circumstance to what is wanted as a homestead. The tendency
at present is to do away with bams, and to cover a given space of
ground with shedding, dividing out the space thus sheltered into
yards, or stalls, or boxes, according to convenience ; but the references
to position, .ispect, accommodation, tanks, water, cottages, will be
generally allowed as applicible everywhere. In illustration of the
completer equipment which one sometimes meets with now on first-

class farms, the following paragraphs are given as descriptive of the
Coleshill farmery on Earl Radnor's home farm, the Engleiield farmery
•111 Mr. Benyon's home farm, and the Haineshill farmery on Mr.
(iarth's home farm, all in Berkshire. They are all more or less on the
new system of a roof over the whole quadrangle on which the
buildings stand.

1. Coleshill Farmery.—On entering the buildings, and the adjoiuinsj

rick- and timber-yards, which you do at the east end, you find yourself

in the barn, and in the upper story of it ; for it is two stories high, the
upper story being on a level with the rick-yard, and the lower on a
level with the floors of the stables, cattle-sheds, and yards. This
difference in the levels is caused by the site being on a decliWty, which
has beeu moirt judiciously taken .advantage of, and by a little extra
labour divided into two steps or flats, each with a very slight incline

downwards, towards the west. In this upper story of the barn is

placed part of the machinery connected with threshing and dressing
the com, weighing, and sacking it ; also a mill, mth a pair of French
stones, for grinding whe<at or other grain, either into fine flour, or for

merely crushing it or kibbing it. There is, too, a mill for grinding
linseed. Opening from this large floor is, on one side, a spacious
granary, from which the com, when dressed and sacked, can be let

down, through a trap-door, by a chain and pulley into the waggons, to

be conveyed away when sold. It opens also into the engine-house, and
into a large loft for storing wool or anything else that requires to be
kept dry. The threshing-machine, which, with all the other machinery,
mills, chaff-cutters, &c., is driven by a steam-engine of 7-horse power,
is placed on the ground adjoining to and on the same level with the
upper fl'Kir of the bam, as is also a circular saw fur cutting out rough
stuff, which is likewise worked by the engine. All this machinery,
including the steam-engine, was made and erected by Messrs. Clayton
and Shuttleworth, of Lincoln. It is composed of various machines by
which the grain is threshed, dressed, deposited in sacks, and weighed,
ready for market, at one operation, without any intervention of manual
labour. There is also a mill on an improved principle for grinding com
for cattle ; also a chaff-cutter ; a mill for bruising oats and Unseed ; a
saw-bench with circular saw, &c., in the cari)enter's shed : all of which
are driven by a /-horse power portable steam-engine outside the barn
wall, which communicates the power to a line of sh.afthig extending
across the bam, from which the various machines are driven by leather

bands. The straw passes down from the threshing-machine, on a sort

of riddling screen, to the giound floor below (where the chaff-cutter is

placed), either to be converted into chaff or to be stored away in the
straw-house. Following it by a staircase, which leads down to the
giOund floor, the second flat or step of the area of the premises, you
find yourself in a commodious building, with doors north and south
large enough for a loaded waggon to pass through them. This building
is appropriated for receiving the caving, chaff, and straw when cut for

litter, being divided into separate rooms ; the north end being reserved
for the purpose of storing roots which are thrown in from the upper
level through a shute provided for that purpose. The .adjoining rooms
ai-e fitted up with various apparatus for steaming and preparing food
for pigs .and cattle, and comiirise, as well, vaults for skim-milk, wash,
'&c., and a slaughter-house. On leaving this building by the south
door, you enter a court iu wliich, on your left hand, are the riding-

horse stables, coach-house, harness-house, &c. ; and .above, .and adjacent
to them, the steward's office, room for reckoning with the men, &c.
On your right hand is the building containing the boxes .and stjvlls for

the dairy cows, and the yards and sheds for these cows .and their

offspring, and for young stock. On leaving this building by the north
door, another court is entere<l, wliich is surrounded by sheds for carta,

ploughs, and other implements; by the cart-horse stables, harness-
houses, &c. ; and by the y.ards attached to some of the boxes for fatting

cattle.

Returning to the centre of this building,—that is, to the spot, or
near to it, where the straw from the threshing-machine comes out
from the apparatus above,—and turning your face to the west, you
look domi a long vista, flanked on one side by the piggeries, and on the
other by boxes for fatting cattle. The roof is of slate, with skylights,

glazed with rough plate-glass, and open at the sides, which are fitted

with ventilators. The roofs of the other avenues and of those parts of

the building where the stock is kept confined are lighted .and venti-

lated in a similar manner ; thus every part of the place wears a light

and cheerful appearance, and as there is free escape for all impure
exhaljvtions from the cattle and the litter, and as powdered gypsum
is scattered about when and wherever necessary, the building is

entirely free from any unpleasant smell. In the centre of this covered
path, or main avenue, is a tramway which runs down to the tanks, and
is to be continued on into the sheep-house, which is placed at the
bottom, at the extreme west end. On passing along .about two-thirds

of this avenue, you come to a turn-table on the tram-w.ay, the line

being intersected here, at a right angle, by another avenue or transept,

on which also a tramway is laid, which runs across the building from
north to south, and on e.ach side of which are cattle-boxes—the south
end of it running into the building containing the boxes and stalls for

the dairy cows. Leaving the main avenue at its western end (,at the
tanks), you cross a yard and enter the sheep-house, a spacious building

.at the extreme west of the premises, with an open railed floor, and jiits

underneath for the m-anure. Here there is .ample room for about 400
sheep, for 250 or 300 ewes, .and for 100 fat sheep, which Latter are tied

up at rack and mivnger. Right .and left of this sheep-house .and of the

open yard between it and the tanks and manure shed, and occupying

the south-west and the north-west comers or wings of the premises,

are sheds and yards for young cattle, for 30 head of which there is

ample room.



UOXKSTEAI). HOMILY. WO

Returning from this pointi and nMMihing the turn-table, you have,

right uvi wit, and before tou, the oatUe-bozee, 44 in number, inteudod

lor the uas of 30 Urge b«a^, eatdi occupying an entire box, and

S8 young beacts, tanding two in a box. Turning to the right, you
pwi along the aouth bnoob of the traoiei>t, with oatUe-boxea on each

da of you, till you enter the oow-houae, which occupiea the centre

portion of the aouth aide of the premisea. Hero i» room provided for

to dairy eowa,—20 in stalls, tied up, and Imxes for 10, intended fur

the oalTing oowa and their uSqpring. Attached to this department in

the cow-yard, oonatruoted to accommodate 14 conn, with room fur

30 calves, on stages and boxes. There is also pruvision mode for

tying up 13 beasts, on the old staU-sy»t«m, and for four bulla—two old

and two young ones. On turning to your left, at the turu-table, on
coming away from the sheep-huuae, yoa i>a«8 between the other end of

the double row uf cattle-boxes, and come out into the yard in front of

the row of buildings composing the cart-horse stable (for 12 horses,

with two loose boxes), harness-houses, sheds for implements, &c, &o.

;

theae occupy one side, the north side of the yard ; the west side being

occupied by sheds and inclosed yards for young stock, colts, and for

other purposes.

The ^iggeriee arc placed, as stated at the commencement of the
description of the part of the buildings devoted to the reception of

cattle, on your left hand as you pro<^ed westward down the main
avenue. They contain boxes walled in, for eight breeding sows and
their young, for two boars, and for a score of fat pigs ; each box having
an inner and an outer compartment, or rather having an open yard
attached to it, so that the inmates can enjoy themselves in the open
air or under cover at will.

For this account of the ColeahiU buildings we are indebted to the
' Wiltshire Independent'

2. Tlu Sngltjield farmery.—The buildings arc centrally placed.

Thay consist first of a block, about 50 feet by 1 00 feet, covered in by
a double span roof, under which are 42 boxes—six single rows of seven

each—the rows being separated alternately by three narrow gangways
for feeding, and two wider gangways for carts entering to remove the

dung. Each box hss a manger for roots and hay and a trough for

water. They are separated by rough paling, and the cattle are

hindered from dirtj'ing these troughs by a loose pole whiuh they have
to lift before they can get at their manger.
Another block of buildings of the same length includes threshing

machines, granary, root-house, chaflf-house, steam-house, and steam
power (a fixed lO-horse engine consuming 8 cwt. a day of coals, and
worked now about three days in the week). Between the two the

pace is roofed over and occupied as a straw bouse. The steam power
is conveyed by strap to a longitudinal shaft upstairs, from which straps

on pulleys carry it to the threshing-machine, turnip-cutter, two \a,in

of mill stones, two chaff-cutters, cake-crusher, and com-bruieer.

The steam power is used to cut the roots for two days' supply by
means of Samuelaon's largest Banbury cutter, and to cut hay cliaff at

the rate of 5 tons in a day, two men feeding the chaff-cutter, aud tu

crush oats and crack beans by Turner's capital machine for the purt)0se

—all at one and the same time.

On the south side of this block of cattle boxes is a shed for imple-

ments. On the west side is a range of stables, lofty and airy, with no
particular nicety, but great convenience, of internal arrangement, and
on the other side as a lean-to there are shedding and yards for the

calves, of which 50 or 60 are kept in three di\isions, provided with
racks for straw and mangers for the roots, and chaff, and cake. North
uf the threahing machinery and bams are six long rows of open
roofing for storing away the com. The implement shed, bams, straw

house, granaries, and com-shed thus succeed one another as you go
northwards. East uf this range is a cow byre, nag stalls, slaughter-

houses, poultry-house, &c., on two sides of a square, thus sheltering a

yard for cows and calves from the north and east, and lying alongside

of the cattle boxes, and another square of pigsties and yards lying

longildB of the granaries and tbreshiug machinery. The currespundiug

Race eastward of the rows of cum sheds remains to be occupied by
beds and yards for cows, if it should be resolved to establish a herd
of short-horns. The threshing machinery was erected by Clayton &.

Bhuttleworth, uf Lincoln. The buildings were planned by Mr. Benyon
and his steward, and erected by the workmen of the estate at a coat of

about SOOO/.

8. Tlie llainuhiU farmery has been erected frum the ))lans of
Massrs. Beadel and Chancellor, London, and their leading feature

—astenuve yards under lofty roofing—is more or less carried out at

11 the other homesteads which those gentlemen have erected on the
estate. The main block of buildings occupies a ground plan of about
140 feet by 100. There is a lofty range on the long side, which runs
north and south, and from the middle of this projects a shorter piece

of the same height towards the east, while the main block is an
astansion for about 100 feet westwards uf tha tame roof of its full

length, generally, however, uf a somewhat lower davation. The lofty

reoge includes in its centre a very complete threshing machinery,
worked by a steam-engine of 8-horae power—all erected by Maaars.
Banaoma, of Ipswich. Un tha one side of this ceotre-pieee lia the
giaoarias abova and cattle food stores with chaff house below ; and on
the other aide lia hay and obafllog apparatus above and roote below.
The hay is put in, from the cart or mggon outside, on the level of the

upper floor, the roots are thrown in from the ground fioor below. The
com to be threshed is thrown in on the upper floor at the end of the
arm of the building whidi projects eaatwanl ; the ground floor of that

]ueoe being occupied by carpenters' shops. The com fed into the
machine un the upper floor iwisaes downwards, the chaff is blown out
below ; the straw reappears, being lifted by the clever elevating shaker

employed by Messrs. Ranaome in their fixed bara maohinery ; and the
com being winnowed on ito descent is brought upwards in elevatoia

and passed through another winnower before it reaches the seinrators,

from which it is delivered in sacks on the granary level. These are at

once wheeled off to the stores, while the straw is carried away and
stored on a floor un the same level, which extends under the higher
jKvrt of the roof right over the covered yard below, from wltioh it is

thrown down for the supply of the yards.

From this floor you look down upon the yard below, and you see that
the space is divided by three parallel gangways, extending westward
from the north and south line of stores of chaffand roots, parallel with
the sides of the yard. The two side gangways are about 4 or 5 yards
from the side walls, the middle gangway extends down the c^toe of

the intervening space. As you walk down one of these side gangways,
you have on either hand the boxes in whiuh the fami horses are kept
solitai'ily, most complete in all their e<juipmeut with monger, Vi'ater-

trough, &c., only boarded up so high as to make it a case uf complete
solitary confinement except in so far as each has a look out on the

gangway. As you walk down the other side gangway you have on one
hand fir^t boxes for cows, then little yards for sows with litters. On
the other hand you have throe yards each for six or eight cattle, either

dairy stock, fatting l>ea9ts, or young and growing heiferK and steers.

The central gangway vinder the straw floor from which you see all

this, has upon pne baud a long range of sparred flooring divided into

yards for ten or a dozen sheep each, and containing in all about three-

score useful Hampshire Down tegs, evidently in thriving condition.

On the other hand, and between you and the horse boxes, lies another

series of yards for fatting cattle. The yoi-da are sheltered on the

north and east by the highest portion of the erection, aud being also

walled up on the sides to the roof, they ore left for the most put
open on the western side. The ridge lines of the roof are glass, and
there is ample window room for light, so that li);ht and ventilatiun are

provided along with perfect shelter.

Apart from this main block of buildings lie the steward's house and
out-houses, including an exceedingly neatly and even elegantly equipped
dairy, a bake-house, slaughter-house, poultry-house aud poultry yard.

The western and open side of the building presents a very tasteful

elevation towards the mansion, which, at the distance of half a mile or

more, presents its old Elizabethsin gables amidst the wooded park.

On the same estate there are other good homesteads. Those at

Hinton for instance, while evidently on a similar plan with that of the

home premises at Haineshill, though on a snmller scale, are in sumo
of their features superior. They, like the Haineshill ones, include yards

0[)en to the south sheltered by a lofty roof supported on slender

iron columns and surrounded by a wall on the nurth side, and by a

range of barns on the west, and of granaries, root-stores, chaff-house,

and stables on the east. The stables are thus open to the outer air,

though well under the shelter of the roof, and the horses are arranged

in pair stalls with swinging divisions. The central yard is surrounded

by a gangway aud includes divisions for cows, for fatting cattle, for

calves and yearlings, with I>en8 for swine. The floor is osphalto.

In addition to these descriptive notices, it must sufiice to say, that

the cost of good buildings is well repaid l)y the increased annual value

of the estate. Shelter fur live stock, and safety for produce, and for

both cattle and implements, are always worth paying for; and the tenant

of good land will not grudge as additional rent, a good per centage on
the landlord's outlay in providing him with the necessary buildings.

HOMICIUE, in tlio English law, signifies the killing of one man by
another. Homicide is of three kinds : justifiable, excusable, and
felonious. Justifiable homicide is wheu the death is caused by tlie

performance of on act of unavoidable ueeossity, where no shadow of

blame can be attached to the party killing, as soldiers in action,

persons defending their own lives, &c. Excusable homicide is uf two
kinds, by misadventure, and in self-defence ; the first is where a man
doing a lawful act, and using pro|jer precautions, unfortunately kills

another; the second, where a person in defending liimself from on

aaaault of a less seriuus nature than the second instance of justifiable

homicide before mentioned, kills the offender; and this it is often

difficult to distinguish from manslaughter, in the legal aenas of the

word.
Felonious homicide is the offence of murder; for the legal definition

of which crime see Mtjaocn.
HOMILY (iiuKia), in eoclesiastical writers, is a familiar discourse on

a religious subject. In the earliest ages of the church the words

sermon (Kiyot) and homily appear to liave been used indifferently

;

but I'boUus distinguishes the homily from the semion, .is being a

familiar conversation, iu which the [n-cachor and people interrogated

each other.

All the homiUes of the Greek and Latin fathers were compoaed by
bishops, for before the 6th oentury none but bishoi>s were allowed to

preach. We have good spacimens of this aort of com{iosition extant

among the works of Chrysostom, Gregory, and other fatJiers. The
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' Clementine Homilies ' are supposed by Le Clerc to have been forge

by an Ebionite in the 2nd century. (Lardner's ' Credibility/ pt. i

'

c. 29.)

In modem use the term " homily " is applied to a discourse read

out of a book, and not composed by the preacher.

In the 8th century a collection of hoinilies was compiled from the
writings of the fathers by Paul the deacon and Alcuin, at the com-
mand of Charlemagne. This collection is called the ' Homiliarium of

Charlemagne.'
At the period of the Reformation in England two books of homilies

were pubUfshed by authority, in order to ensijre uniformity of doctrine

and to supply the defects of some of the clergy. The first book was
published in 1547, and consists of twelve' homilies, many of which
are ascribed to Cranmer, and others to Latimer, Ridley, and Pilkington ;

the second, containing twenty-one homilies, supposed to be written by
Bishop Jewell, was published in 1562, though composed earlier. They
were appointed to be read in chiu-ches every Simday, unless there

were a sermon. These homilies are recommended by the 35th
Article of the Church of England as " containing a godly and whole-
some doctrine ;

" a list of them is given in the Articles appended to

most Prayer Books ; many of them are divided, so that in the whole
there are forty-four discourses. Of the first book, which is less

known, the following are the heads :—
1. A fruitful exhortation to the Reading and Knowledge of Holy

Scripture ; in two parts.

2. On the Misery of Mankind, and of hia Condemnation to Death
through everlasting, by his own Sin ; two parts.

3. On the Salvation of Mankind, by only Christ our Saviour, from
Sin and Death everlasting ; three parts.

4. A short Declaration of the true, lively, eind Christian Faith ; three
parts.

5. Of Oood Works annexed unto Faith ; three parts.

6. Of Christian Love and Charity ; two parts.

7. Against Swearing and Perjury ; two parts.

8. How dangerous a thing it is to fall from God ; two parts.

9. An Exhortation against the Fear of Death ; three parts.

10. Concerning good Order and Obedience to Rulers and Magis-
trates ; three parts.

11. Against Whoredom and Uncleanness ; three parts.

12. Against Contention and Brawling; three parts.

HOM(EOPATHY, the art of curing foimded on resemblances,
expressed in the Latin expression " similia similibus curantur." It is

derived from the two Greek words " 8^0101 " " similar," and " -KiSos,"
" feeling " or sensation, and hence a condition of body, such as that of
disease. According to this law, disease is cured by remedies which
produce tipon a healthy person effects similar to the symptoms of the
complaint under which the patient suffers.

This system of medicine stands in direct contradistinction to that
foundetl upon the principle of treating diseases by their oppositcs,
" contraria contrariis curantur," which has served more or less as a
guiding law since the time of Galen. To this last method the disciples

of the new school have given the name of Allopathy, from the two
Greek words " 4\Ao!," " other," and " wiBos," " condition." This
distinctive nomenclature will be adopted in this article as a matter of
convenience, and to avoid circumlocution. The arguments adduced
in supijort of the truth of the homccojathic law seem principally

drawn from three sources, namely, from popular experience, from
observations upon the effects of medicinal agents recorded in the works
of eminent medical men of di^erent schools and various epochs, and
from experiments upon healthy individuals made by the founder of
the system and his disciples upon themselves.

1st. Popular experience has proved that the safest manner of
restoring the circulation of a frozen limb is to rub it with snow
(similia similibus) ; warm applications, according to the evidences of
the same experience, would cause the destruction of the part affected
(contraria contrariis).

Again, severe bums are most quickly cured by the use of heated
spirits of wine or oil of turpentine, which excite a very similar sensa-
tion, although in a greatly modified degree (similia simiUbus). Cold
applications, although they give temporary relief, are, as ia well known,
generally followed by increased inflammation .ind severe after-suffering
(contraria contrariis), as corroborated by the evidence of John Hunter,
Kentish, Sydenham, and other medical names of high repute.
The homocopathists also insist that the acknowledged eflBcacy of

Jenner's great discovery is a powerful argument of the truth of the
homo-opathic law, since by producing a similar disease an almost
perfect immunity from attacks of the small-pox is obtained.
&d. They endeavotu- to show by a number of observations collected

from the works of different medical allopathic authors, that many drugs
recorded by them as curative in different forms of disease were observed
by others, also allopathists, to produce effects closely resembling the
symptoms of those very forms of disease, or in other words, that they
acted upon the principle, similia similibus : an instance or two will be
sufficient illustration. The English sweating sickness, which committed
such ravages in the year 1485, and for some time baffled the physi-
cians, yielded, according to Willis, to sudorifics; and it is upon
record that after the adoption of this mode of treatment very few died
ol it. Opium in genera! causes extreme drowsiness, heavy and iBep

sleep ; and it has, according to the testimony of many allopathic

physicians, proved curative in di.seases characterised by similar

symptoms. Moreover, it is asserted by the homosopathists that all the
remedies acknowledged as specifics by the medical profession, of what-
ever school, act upon this law ; for instance, they maintain that
Peruvian bark produces medicinal symptoms closely analogous to those

of marsh fever, and that the weU-known efficacy of mercury in syphilitic

complaints, and of sulphur in various forms of cutaneous disease, is

attributable to the same power (similia similibus), and as above stated,

that the action of vaccine matter, as a prophylactic or preventive
medicine against small-pox, depends upon the same law.

3rd. Dr. Samuel Hahnemann, the founder of this system of medicine,
being struck, as noticed in his life [Hahnemann in Bioo. Div.], with
the close analogy between the symptoms produced by Penivian bark
and those of the forms of disease for which it was considered a specific,

and having obtained similar results from other medicines tried upon
his own person, was led to the discovery of the homoeopathic law ; and
he, beHeving that the mode of operation of all remedial agents was in

perfect harmony with this principle, by rejwated experiments upon
himself and some medical friends, convei-ted tu his opinions, first

determined their direct action and then employed them in disease.

The practical results obtained by himself and the physicians of his

school are appealed to by them as a further confirmation of the truth
of their fundamental law.

The extremely minute quantities in which the remedies are admi-
nistered, seem to form a m.arked difference between the homccopathic
and all other schools of medicine. The homocopathists however assert

that this is merely a point of practice to be determined by the phy-
sician at the bedside of his patient, and that in the application of the

homoeopathic principle to the treatment of disease, it was soon foimd
that remedial agents given in the doses usually employed, acted too

energetically upon a frame already predisposed to their influence by
tlie affinity existing between their medicinal effects and the morbid
signs of the disease ; and hence a gradual diminution wa.s made in the

quantity of the medicine exhibited, in order to approximate to that

amount which might exert its full curative power without aggravating

the sufferings of the patient by an excess of medicinal action. The
result has been, the general adoption among homocopathists of the
minute doses at present in use.

Homccopathy numbers in its ranks many medical men who had
obt,ained high repute and professional eminence in the other systems,
before they embraced the principles of homccopathy, and seems to be
more or less diffused in all parts of the world, if we may form any
opinion from its literature, which comprises medical works in German,
Italian, English, French, Swedish, Russian, Spapish, Latin, and Portu-
guese. The system has also adherents in North and South America
and Asia. The great bulk however of the medical profession are more
or less opposed to its adoption. This has arisen from the fact, that
with an increased knowledge of disease and the action of medicines,

there has been a tendency amongst medical men to discard all general

theories of the nature of disease and the action of medicines. Although
it is assumed by ^vriters on homccopathy, that there is an allopathic

theory, no well-educated medical man would adopt any such theory.

The facts of homoeopathic writers will stand even should their theory
be forgotten ; and it is to be regretted that the founder of this .system,

and his followers, have sought to impress their views rather as mem-
bers of a sect tlian as men of science. The opjjosition which their

views have experienced has been mainly due to this sectarian tendency.

The question between homocopathists .-ind other members of the
medical profession, is rather social than scientific, a question rather of

medical ethics, than of the interpretation of facts.

HOMOGE'NEOUS and HETEROGE'NEOUS, terms' applied in

mathematical language to expressions which have or have not the same
number of factors of a given sort. Thus, with respect to .t and y,
a x' + bxy + cx^ is homogeneous, but a :c' + by is heterogeneous.

HOMOLACTIC ACID (C.H.O„). A peculiar organic acid described

by M. Cloey as being produced in the manufacture of fulminating
mercury. It is a colourless syrupy liquid of specific graWty 1197,
and is isomeric with r/lt/collic acid. M. Dessaignes regards homolactic
acid as impure glycollic acid.

HO.MOLOGUES. [Homologous Series.]

HOMO'LOGOUS, a term applied in Euclid to those magnitudes
which are both antecedents in a proportion, or which are both conse-

quents. But when the four proportional magnitudes are all of one
kind, the right of alternation empowers us to make and call any two
terms homologous, of which one is an extreme and the other a mean.
HOMOLOGOUS SERIES. When the formula) of the individual

members of certain families of organic compounds are compared, it is

found that these formula; bear a very simple relation to each other,

and that the individual members of each family differ in composition

by two equivalents of carbon and two of hydrogen, or by some
multiple of this number. The family of organic bodies to which
common alcohol belongs affords an illustration of this graduated com-
position, as will be seen from the following table of the formulaj of

these bodies ;

—

Methylic alcohol .

Vlnic alcohol (spirit of wine)

Propylic alcohol •

C.H.O,
C.H.O,
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BBlfMe ilHhol C,H,,0,
AmyUealaokol • C,,n,,0,
UujrUatlMhol C,,II,,0,
CaprjUe ileobol C,,U|,0,
OM]rU« Oeolial C,,II,,0,
Onrlleakobol CsiU>«Ot
Meliatio aloohol .... C..U.,0,

Such » &mily of oi^gutk) bodiai ii termed a homoUigoa* leritt, uid the

memben or temu oompoeing it » Mid to be \omt>log»a, or bomo-
Iqgoiu with eaofa other. Whenever tlio formulic of two neighbouring
bodiee in a homologoae leries djffer from a-icb otiicr by a multiple of

f!,H^, a number of intermediate bodies, sufficient to fill up the miiuing

•tep or atfiw in thegraduation,must exist,and their subaequent diacovery
maj be confidently predicted. Thus for many years the vinio and
amylic alcohols in the above table stood next to each other, but the

eTistmu^e of the intermediate propylio and butylic alcohols was never
doubted, although their actual discovery only took place very recently.

The filluniug .-irv the priuoipol homologous series, or groups of

aeries, which wUl be found deecnbed under their respective beads :— ^

AleohoU.

Anhydride*.

Etbcn.
Haloid ether*.

Ethereal salu.

Organic radical*.

Hydride* of orgaalc ndicali.

Ketone*.

Fatty acid*.

Organic baars.

OrganomctaUio bodic*.

Amides.

HOXET is a fluid or semi-fluid substance, the nuterials of which
are collected by diSerent kinds of bees, in Europe chiefly by the apit

wttBifiea, or hive-bee, and solely by the neuter or working bees, from
the nectariferous glands in the cup or chalice of flowers. It cannot be
said to be a purely vegetable production, for after being collected by
the proboscis of ue insect it is transmitted to th.it distension of the
(esophagus termed the crop, sucking-stomach, or huney-bog, where it

is elaborated, and again diq^rged, to be deposited in the cell of the
honey-oomb. It undergoes less change when the bees are vej^ young,
remaining nearly white, and is then denominated virgin honey. At
all times it retains qualities derived from the kind of plant whence it

has been procured, as is manifest not only by the peculiar odour of the
hooey, but by the eSiscts which follow the use of honey obtained from
certain plants, such as the Azalea, rhododendron, kalmia, &c., which
yield a honey frequently poisonous, while that from the genus Erica
(termed heather-honey), and most labiate pLints, is wholesome. The
soldiers of Xenophon , during the retreat of the Ten Thousand, suffered
severely from ]>artaking of honey collected by bees from the Azalea
pontica near Trebizond.
The honey of the common bee is at first generally white, inclining

to yellow, but by age it becomes of a deeper colour and grciter con-

iiteoce, and of a more acrid taste. The honey of Surinam and
Cayenne, collected by the api$ amaUkta, is red. The apii unicolor of

Madagaacar produces a greenish honey collected from the Himosa
heteropbylla and Weinmannia glabra, of the most exquisite flavour.

Htmey is of difierent degrees of consistence : that of Mahon, of Hy-
mettiu, and of the Bermudas, is liquid ; that of England is more or
]« diqmeed to become nearly solid.

Honey is sweet, faintly aromatic, granular, soluble in water, and
capable of undergoing the vinous fermentation, and so yielding an
intoxicating drink called hydromel, metheglin, or mead. Honey con-
sists of an uncrystallisable portion, and a portion which crystallises in

very white grains. The former is soluble in alcohol, the latter not,

and ia regarded as a sort of Mannite, or manna sugar, which, by the
action of nitric add, can be converted into oxalic acid, like the sugar
of the sugar-cane. When old it probably contains some free acid.

Honey is sometimes adulterated with flour, from which and other
impurities it may be freed by diffusing it through cold water, or
bv striking the blue colour, indicative of starch, on adding iodine.

Honey is certainly nutritive, but it cannot be employed to any great
extent, since, if taken in considerable quantity, it excites the action of
the bowels, and is gently laxative. Its effects in this way will be
greater in proportion to its age and acridity, and lees or scarcely appre-
ciable if largely diluted with water. In this last state it is rather
demulcent, emollient, and refrigerant, and hence forms a good drink
in fever and other inflammatory complaints, but it should not be token
if there be much gastric or intestinal irritation. It is used likewise in

catarrhs, and when drtmk warm is considered to be expectorant. Along
with vinegar it forms a good gaigle in slight cases of sore throat, and
combined with borax a most efficacious application in aphthic of the
mouth and throat. Owing to idiosyncracy in some individuals, honey
cttiaee great tineasinew, or even severe suffering, but it is most likely

that stich cases originate in the kind of plant from which the honey is

c<rflected, or in the measurea used to destroy the bees. Smoking them
with sulphur must be hurtful, from forming sulphurous acid gas,
which nuy bo absorbed by the honey. Humanity as well as economy
demands that other means should be employed to procure the honey
without sacrificing the life of the industrious insects which collect it
The fungus known as pufi°.ball, or Lyc<n>erden Boueeta, when smoked
under the hive, stupefies the bees, as chloroform doea men, so that the
honey can be removed while they are insensible.

UUKEY-TEA ia nowise rekted to the foregoing. At the Cape of

Oood Hope this name ia given to the infuaion of the leaves and ilowei*
of plants, growing abundantly on the aides of hUla formed of variegated
saodrtone. Theae leaves and llowora are collected in great quantity
by the poorer classes aa a substitute for green tea. They are bene-
ficial in diseases of the chest, which are, however, rare at the Cape.
The plants are Cudopia galioida (D. C. Ihe AtpaliMHt caJlota, Bum's
' Flora Cap,') ; V. yentioide$, GonljiholMum maculattuii (Andrew'a
' Bot. Repos').

HOOKE'S JOINT. Hooke's universal joint is a method of con-
necting two axes, the directions of which meet in a point, ao as to
transfer rotition from one axis to the other. Tlio first figure repreeenta
the sini/U unirertal joint in which A and B arc the shafts between which
the rotation is transmitted : c o, E r, is a cross the ends of which turn
freely in bushes formed in the extremities of two diameters of semi-

circles in which the shafts terminate. If the shaft a be made to revolve

n will evidently revolve also. If however the angle under the directions

of the shafts be lees than 1 40°, the motion will not be transmitted.

In such case the doMe univtr$al joint represented in the second figure

must be used : this has two croeses, the extremities of which move on
pivots like the former. These joints may be formed with a hoop or a,

solid ball instead of a cross, in which case four pins project at four

equidistant points, so as to divide the circle in four equal arches, and
thepins play in the bushes of the semicircles as ia those of the cross.

The imiversol joint is much used in adjusting the position of a large

telescope, where the observer has to turn endless screws or wheels, in

a position inaccessible while the eye ia being directed through the

tube. This joint is also used in cotton and other mills where shafts

are carried to a great distance from the prime mover, and it is an
advantage to divide the shaft into convenient lengths, with a joint of

this kind connecting .them. The principle of Hooke's joint may be
studied in the limbs of crustaceous animals and insects.

HOOPING-COUGH, or WHOOPING-COUGH. This disease, to

which, on account of the violence of the cough that attends it, the

Latin term " Pertussis " bos been applied, and which from the recur-

rence of this cough in paroxysms has also obtained the |>opular

designation" chin or kink-cough," appears to have been unknown to

the ancients. No mention is made of it in the medical writings of the

Greeks, Romans, or Arabians; but during several centuries it has

prevailed in the various countries of Europe, and, from the frequency

of its occurrence and the serious consequences of which it is sometimes
productive, has much occupied the attention of physicians.

It commences with the symptoms of simple cttarrh, and is indicated

by cough and the expectoration of a clear limpid fluid, by redness of

the conjunctivse, a watery dischargo from the eyes and nostrils, hoarse-

ness, and occasional sneezing. These symptoms are attended by some
degree of fever, which in general however is very slight ; the patient

is unguid and out of spirits, but is free from pain, or complains only

of soreness in the anterior port of the chest. During this stage the

disease may be readily confounded with a common cold, but there is

already some peculiarity in tlie cough, which occurs more in fits, and
is more sonorous than in the latter malady. At the end of a period

vailing from one to two weeks the affection assumes a somewhat
difierent character; the fits of coughing become longer and more
frequent; each tit is commonly announced by a sensation of tickling

in the lorj-nx .-uid trachea, during which the inspirations are irregular

and incom]>lcte, especially in children, whose countenances are at this

time expressive of fear and anxiety. At the moment the fit comes on

they cbng with firmness to the persons or objects around them ; if

aaleep at the time of its accession, they suddenly start up and place

themselves in a sitting posture. The efforts of coughing are now re-

peated in such quick succession as to suspend almost oompletcly the

act of breathing : during their brief intervals we can with difficulty

perceive any inspiratory movements, excepting at times when the cough

is momentarily intvrruptod by a prolonged inspiration attended by a

peculiar vhooping noise, which has suppUed a name for the affection,

and which constitutes its characteristic symptom. In consequence of

the obstruction to the circulation occasioned by these long continued

efforts of coughing, the face and neck become swelled, and of a deep
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red or violet colour; the veins on these parts are distended almost to

bursting ; the eyes are prominent and bathed in tears ; occasionally the

patient becomes completely exhausted ; the fit of coughing is inter-

rupted for one or more minutes ; it then recurs mth the same violence,

and the patient seems in imminent danger of suffocation, when the
paroxysm is terminated by one or two long and u'hooping inspirations,

and by the rejection of a limpid viscid fluid, which hangs in threads

from the mouth, and to facilitate the discharge of which the patient

inclines his body forwards. This fluid comes from the bronchi and
pharynx, and sometimes also from the stomach; it is often mixed
with portions of food which are rejected at the same time, and occa-

sionally with particles of blood.

These paroxysms or fits of coughing continue for many minutes, and
when they are very severe blood frequently issues from the nose,

mouth, ears, or even from the eye-lids ; they recur at various and often

very short intervals, generally however more frequently and with
greater severity by night than by day, and they are excited by the

slightest causes, as by food or exercise, by any agitation or mental
emotion. When the aflection exists in a state of simplicity it is

attended, even in this stage, with very little or no fever; the appetite

continues as good as or better than in health, and the little patient,

whose play was interrupted by the approach of the fit, immediately
retiims to it when the paroxysm is over ; and during the intervals of

these paroxysms often shows no other indications of disease than are

furnished by the puffiness of the face and the redness and tumidity of

the lips, wluch the interruption of the circulation during the violent

and long continued efforts of coughing has occasioned.

In the intervals of the fits the chest sounds well on percussion, and
on auscultation the respiratory murmur is beard pure, or mixed only

with a little mucous rile on the po.sterior part of the chest, as in com-
mon catarrh. During the paroxysm breathing is almo.%t completely

suspended, and no respiratory murmur is audible except in the very

short inter%'als which exist between the expulsive efforts of coughing

;

the prolonged and noisy inspiration which constitutes the pathogno-
monic character of hooping-cough seems to be limited to the larynx

and trachea, and gives rise to no respiratory murmur audible on auscul-

tation of the chest.

It is chiefly during this stage that hooping-cough becomes com-
plicated with other diseases affecting the head or chest, on which its

danger mainly depends. In children at the breast the most common
complication is cerebral cong^^ion, giving rise to convulsions; in

persons more advanced in life the viscera of the chest become more
frequently implicated, and it is to inflammation of the lungs and pleura

that death, when it occurs, is generally attributable.

After tlie affection bos presented the characters which we have
described for a period which varies from two or three weeks to many
months, the paroxysms become shorter and less frequent, and the
cough ceases to be characteristic, but still continues to terminate in

vomiting and in the discharge of sputa, which now resemble those of

catarrh. The paroxysms become more and more rare, in some cases

recur at regular intervals, and finally cease, but for some time after-

wards they are easily renewed by any unusual exposure to cold.

The specific nature of the cough, and tlie insufficiency of the morbid
clianges noticed on dissection to account for the phenomena of hooping-

cough, have led pathologists to seek for their interpretation in the

condition of the pneumogastric nerves, but hitherto without success.

M. Breschet indeed has in two cases remarked in these a redness

externally, and a yellowness of their tissue, but no simihu' appearances

have been observed by other physicians.

Hooping-cough prevails epidemically, and chiefly attacks children

from birth to the period of second dentition, but it occasionally occure

in adult and even in old age. It rarely affects the same individual

more than once, although this sometimes happens. It occurs in every

variety of cUmate, and in all seasons, but is more general and more
severe in cold than in tropical climates, and is most prevalent in

seasons most favourable to catarrhal affections. It is of longer duration

when it comes on in autumn or winter than when it makes its appear-

ance in spring or summer; and like all other diseases that occur

epidemically, it is much more severe in some years than in other?.

Hooping-cough is one of those diseases that are communicable by
contagion. It spreads very rapidly among children of the same family,

and when it finds admission into a house very few of the young per-

sons who have not previously had it escape ; but they are protected

from the disease if secluded from those previously infected. Hooping-

cough is a very fatal disease, and the average annual mortality in

London from 1849 to 1859 was 2190.

No method of treatment has hitherto been discovered by which the

ptygress of hooping-cough can be arrested. We may mitigate its

severity and somewhat diminish its duration, but it will nm a certain

course, and this course, in spite of all our efforts, will often be long.

During the early stige of the disease the administration of emetics has

appeared to be beneficial ; in children they may be repeated every day,

or every other day, for one or two weeks. Tartar emetic, on account

of its solubility and the certainty ot its operation, is the medicine best

adapted to this purpose.

At a more advanced period of the disease great benefit is derived

from the employment of narcotic and sedative medicines. Of these

there is a great variety, each of which has hod its advocates. We may
ABT8 AHO »CI, IIIV, TOL. IV.

particularly mention opium, hydrocyanic acid, belladonna, and Indian
hemp ; but on accounj of the powerful influence of these drugs on the
system, the greatest caution should be observed in their administration
to children. In some cases the administration of alum is particularly
beneficial.

When the paroxysms are regularly intermittent, we may prescribe
sulphate of quinine in the same doses, and almost with the same
certainty of success, as in ague.

In protracted ca.ses nothing is so efficacious in putting a stop to the
cough as change of air, which often succeeds after all other means have
been tried in vain.

At the commencement of the disease, and as long as any febrile

symptoms continue, the diet should be of the mildest description

;

afterwards a more tonic and nourishing regimen may be allowed, not
only with safety, but with advantage.

Cerebral congestions and inflammations of the lungs and pleuroe,

when they occur during the course of hooping-cough, must be treated

in the same manner as when existing under ordinary circumstances.

HOPFNER'S BLUE. [Colouring Matters.]
HOPS {Ilumulus liipiiluii of Linnaius) are extensively cultivated for

the flowers or seed-vessels, which give flavour and permanence to beer,

by being boiled with the wort ii^brewing. They imixirt a pleasant
bitter and aromatic flavour, and prevent the too rapid progress of

fermentation. Beer which is well hopped will keep long and become
very fine, without any of those artificial means of fining which make
the common brewers' beer so much inferior in quaHty to that which is

home-brewed.
Hops were inti'oduced into England from Flanders about the year

1524. The most extensive plantations are in Kent, Sussex, and Here-
fordshire ; but they are .also cultivated in Worcestershire, Essex,
Wiltshire, Hampshire, Gloucestershire, Surrey, and several other
counties.

The hop is a slender climbing plant, which requires a very rich
mellow soil and careful cultivation. It is very tender, and the produce
is precarious, sometimes giving a great profit to the grower, and at

other times failing altogether. The greatest quantity of hops is raised

in Kent, but the finest quality in the neighbourhood of Fambam in
Siurey. The soil of a hopgarden must be rich to a considerable depth,
or maide so .irtificially. The subsoil must be dry and sound ; a porous
rocky subsoil, covered with two or three feet of good vegetable mould,
is the best for hops. The exposure should be towards the south, on
the slope of a hill, or in a well-sheltered valley. Old rich pastures
make the best hop-gardens. They should be dug two or more spits

deep, and the sods buried at the bottom, where they will gradually
decay and afford nourishment to the slender roots of the plants which
strike deep. A very large quantity of the richest rotten dung, at least

100 cubic yards per acre, should be well incorporated with the soil by
repeated ploughings, till it is entirely decomposed and produces that
dark tint which is the sure sign of an .ibundance of humus. The
ground should be prepared by laying it up with the spade in high
ridges before winter, to expose it as much as possible to the mellowing
influence of the frost. A succession of green crops, such as rye cut
green or fed off with sheep, early turnips fed oflT in autumn, or spring
tares, are an excellent preparation, by cleaning the land. It is better
to be two or even three years in preparing the ground and getting it

perfectly clean, than to plant the hops in a foul or unprepared soil.

The young plants are raised in beds, and may be raised from seed
;

but it is more usual to plant the young shoots which rise from the
bottom of the stems of old plants. They are laid down in the earth

till they strike, when they are cut off and planted in the nursery-bed.

Care must be taken to have only one sort of hops in a plantation, that
they may all ripen at the same time ; but where there are very ex-

tensive hop-grounds it may be advantageous to have an earlier and a
later sort in different divisions, so that they may be picked in succes-

sion. The varieties most esteemed are the Grape Hop, the White
Vine, and the Golden Hop. The ground having been prepared for

planting, it is divided by parallel lines, six or more feet apart, and
short sticks are inserted in the ground along these lines at six feet

distance from each other, so as to alternate in the rows, as is frequently

done with cabbage-plants in ^rdens. At each stick a hole is dug two
feet square and two feet deep, which is filled lightly with the earth

dug out, together with a compost prepared with dung, lime, and earth,

well mixed by repeated turning. Fresh dung should never be applied

to hops. Three plants are placed in the middle of this hole six inches

asunder, forming an equilateral triangle. A watering with liquid

manure greatly assists their taking root, and they soon begin to show
bines. A stick three or four feet long is then stuck in the middle of

tto three plants, and the bines are tied to these with twine or the

shreds of Russia mats, till they lay hold and twine round them.
During their growth the giound is well hoed and forked up around
the roots, and some of the fine mould is thrown around the stems. In
favourable seasons a few hops may be picked from these young plants

in the autumn, but in general there is nothing the first year. Early

in November the ground is carefully dug with the spade, and the earth

being turned towards the plants, is left so all winter.

In the second year, early in spring, the hillocks around the plants

are opened, and the roots examined. The liist year's shoots are cut off

withm an inch of the main stem, and all the suckers quite close to it.

z z
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Iht MMlMn fonn aa agtawbl* TagaUhle for the tobla, dreiMd like

Mpangua. The earth U preaeed rouiut the rooU, and the otit part*

eomrad ao a* to exclude the air. A pole aboift twelve feet luug ii

then firmly atuck in the ground near the plaota ; to thi* the binee are

led and tied aa they shoot, till ther have taken hold of it If by any

•oeMnt the faina laaraa the pole, it ahould be carefully bronght back

to H. and tied till it takaa hold a^un. atand ladder hotUd be at

hand to do this, n lieii the bine haa acquired aume height. The ground

being wall hoed and the earth raiaad round the f>lant«, the produce this

year will arerage i owta. per acre, if the aeaaon u favourable.

Some hop-pUntera plough up or dig the ground before winter ; others

jttttt doing it in spring, in order not to hastan the shooting, which

waatniiii the planta. The same operationa of pruning tbe sboota,

aanuriag, and plaeing poles, which were performed the preceding

year, ai« carefully repeated. Particular attention ia paid to proportion

tlw laagth of the polea to the probable strength of the binea ; for if

tlM pole be too long, it draws u|> Uio bine, and makea it bear lass ; if it

be too short, the bines entangle when they get beyond the polea. and

cause confusion in Uie picking. In September, the dower containing

tba seed will be of a ftne straw colour, tiu^ing to a brown ; it ia then

in perfection. When it is over ripe, it acquires a darker tint. No
time is now lost, and as many bands are procured aa can be set a-pick-

ing ; great numbers of men and women go out of the towns in the

happing aeaaon, and earn good wages in the hop plantatiuna. During
the picking they sleep in bams and outhouses. In the picking, the

polea are taken down, and the stems cut 3 feet from the ground ; if

they were cut shorter it would wciken the root, by cauning it to bleed.

Tbe poles are laid aloping over a frame of strong wood 9 feet long and

4 feat wide, auppmted by legs 3 feet high ; this is called a bin. A
pieoe of ooana cloth ia fixed to this frame by hooka, so as to form t
bag, which does not reach the ground. Thrre men or women, or four

boys or girls, are placed on e.tch side of the bin, and pick the bops

from two pules at a time. Where they are very careful of the quality

of the hope, as at Kamham, they divide them into three sorts : the

green, which are not quite ripe j the light yellow-brown, which are in

perfection ; and the very dark, which are past their prime. Some go
even further, and make several qualities according to colour and
fragrance : for this purpose there are several baaketa. The dew ahould

be off entirely before thry begin ; for otherwise the hops might become
musty, or take too long drying, and lose their fragrance. The hops
when picked are dried on a hair cloth in a kiln. When they appear
sufficiently dry at bottom they are tvimed ; it is however thought by
some hop-dryers that the turning of the hops is apt to injure them,
and that it is best not to do so ; but in order that the upper part may
be dried equally with the lower, a Avooden cover lined with tin plates

ia laid down over the hops on tbe hair-cloth, to within a few inches of

the surface ; this reverberates the heat, and the whole ia dried equally.

The heat must be carefully regulated, in order that it may not alter

the colour. \Vhen the leaves of the hops become brittle and rub off

OMily, they are suSiciently dried. They are then laid in heaps on the

floor, where they undergo a very slight heating. As soon as this ia

observed, they are haygcd. This is done through a round hole 25 or 80
inehes in diameter, made in the floor of the loft where the hops are

laid. Under this bole is a bag, the mouth of which is drawn through
the bole, and kept open by a hoop to which it is made fast. The hoop
is somewhat larger than the hole, and the bag remains siupended ; a
handful of hops is now put into each comer of the bag, and there tied

firmly by a cord. A bushel or two of hops are put into the bag, and a
man gets into it to tread tbe hops tight. The bag does not reach the
floor below. Aa tbe hops are packed by the feet, more are continually

added till the bag is full. It is now taken off the hoop, and filled up
with the hands as tight as possible. The comers are stufl'ed as soon as

the mouth is partly sewn up, and tied as the loner comers were ; when
Mwed close and tight, it is stored in a dry place till the hoi>s are

wanted for sale.

Tbe crop of the third year will average 8 cwt. per acre. In some
Tary exirsordinarr seasons, on good land, 15 cwt. hare been picked
par acre : in Klander*, where they manure with urine and tbe empty-
Inga of privies, this is not an uncommon produce.

Rape oakea, malt diist, and woollen rags are used with good sncoeas

in hop-grouDds ; bones have been tried, but with an uncertain result.

The hop is a dicsoious plant, that is, some of the individuals are male
planta, and others female, which have respectively flowers of a diflerent

eonstruction and of different habitudes. Uccaaionally monoecious pUnts
are met with, but these few are insufficient to fertilise all the female
plants. The hops collected from bines in the neighbourhoiHl of male
]dantsare much larger, richer in aromatic and bitter principles, and a
mailer proportion of such hops sullioe to bop a given (|uantily of

malt. Tbe m.^lo or staminifernus flowers, which grow on stalkn quite
distinct fn^ni the ftmulu flowers, pre|>are the pollen, or fertilising dust,

and afterwords wither away, when this diut haa esca)xxl from the
aothan, and been committed to the air, to be by it conveyed to the
femalo flown*. Tbe female flowers are in the form of strobuli, or
eonoa, oonaisting of aoalus, which have at their base the germ of the
future seed, and which have the habit of enlarging, aa the scales of the
flr-oonea do, mora particularly after the fertilisation of the ovule, or

future seed, by a quantity of the pollen falling upon it. Thnui;h the

pollen, from it* aztrenM lightnoas, can be waft4d to a oooaiderabla

dittanoa, and aoma aaada in eaeh oooa may be so fertilised, yet it

would ha well to rear a Dumber of tha male planta among the other*,

or along the hedges of the hop-gardaos, to ensure the fertilisation of

all the aeada. But as the farmer* obaarr* that the flower* of the male
(termed, in Kant, seedling, blind, or wild bop ; in Sussex, buok or

cook hop) wither away, they generally extirpate them at the digging

seaaoo, a* unfruitful cumberers of the ground. That this is an error

may ba proved in various ways, but an appeal to th* result of an
oppoaita practice is tbe most convincing. A bushel of hojpa, oolleoted

from plants of tbe fourth year, raised from seed, weighed 36 pounds,
there being male plants near ; a leoond instance, where the planta ware
raised from cuttings, weighed 85 pounds ; while a buabel, grown in a

garden where the male planta ware alwi^ eradicated, weighed only 22

puimds. Besides tbe greater quanUty of hope thus obtained, the

aroma ia much greater, and the strength of the bitter ia much greater.

After the period when the malea have elaborated the pollen, and the

strobuli of the females begim to enlarge, the males may be out down,
and tbe stalks employed to make oordage for hop-b-tga against the

following harvest lu 1760 the Society of Arte awarded premiums for

Woth made from the hop-bine. (Lance'* ' Qolden Farmer,' London,

1831.)

Tbe poles are an expenaive article ; those of chestnut are the most
durable, and ailo tbe deareat They should be put into a shed during
the winter : where this cannot be done, they are placed on end in the

form of a cone, leaning against each other. If the top of theae oone*

bad a osp of thatch, it would greatly protect them from the weather

:

and it has been recommended to aoak them in a solution of corrosive

sublimate, according to Kyan's patont
Besides the use of hops in brewing, they produce a bittor infusion

and a tincture which are valuable in medicine for complaint* in the

stomach.

HOKARY (Astronomy). The horary motion of the *un or a planet

is the arc which it describee in one hour, or the angle which that aro

subtends at the eye of the spectator.

HOKUEIN. A. substance extracted from barley, but which has
been proved to be merely a mixture of starch and cellulose with a
nitrogenous body.
HOBDEUM DISTICHON (Linn.), Medieal ProperiU* of. The

common summer barley is the kind directed in the Pharmacopoeia to

be used, but any of the finer sorts can be employed. Barley-water is

either simple or compound : the former is merely a solution of the

principles of the barley in boiling water; the latter has liquorice-root,

figs, and raisins added. Both forma are demulcent and somewhat
nutritious, and are useful in the treatment of mild cases of catarrh,

or when acrid purgatives are taken, or when poisons have been swal-

lowed. Barley is however an article of common consumption, either

aa an ingredient in soup or broth, particularly in Sooteh broth, or aa

bread. It difliBrs in some respect from wheat, in possessing less pro-

teinaoeoua matter, and in having considerable bitterness in the husk.

Farther, its starch is less soluble in water, and bread made of it is

more difficult of digestion. It has, however, tike advantage of being

slightly laxative, and when it can be digested is a very projwr article

of diet for persons subject to habitual constipation. With a view to

keep tbe bowels regular in infante, it sometimes forms aa largo aa a
fourth |iart of some of the prepared infants' food.

HORIZON {iplian, bounding). The physical horiion is the apparent
circle by which the spectator's view is bounded when he is upon a level

and uninterrupted plain, such as the surface of the sea. It dUTers from

the astronomical horiaon in two poinU : firstly, becauae the physical

horizon dipt, as it is called, or ia not at the same level aa the eye ; and
secondly, beoauae tha aatronomioal horizon always aui^po*** tb* spec-
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tator to be at the centre of the earth, and not at the surface. If A B

represent a spectator standing upright, and c the centre of the earth,

then, if the circle VAX revolve round the axis B c, the physical boun-

d.iry is the circle described by T, or T u v, and the astronomical horizon

is the plane traced out by c x (indefinitely extended) drawn parallel to

B D, or perpendicuL-ir to c B ; and the angle D B T is called the clip of the

physical horizon. In consequence, however, of the refraction of light,

by which the rays are curved, as in the dotted line drawn from B, the

phj-sical horizon is thrown farther than in the explanation just given

;

for instance, to the dotted circle K L M. The effect of this is to make
the dist.-\nce A T greater by about its twelfth part. The rough rule for

finding the distance of the apparent horizon at sea is—1 jj, of the square

root of the height of the spectator's eye, in feet, gives the distance of

the physical horizon in miUt. Thus, at a height of 100 feet, the horizon

ifl 13 miles off.

The astronomical horizon divides the heavens into a visible and
invisible part. Properly speaking, it is the physical horizon which

does this ; but the distance of the fixed stars is so great, that the mag-

nitude of the whole earth is but as a point, and the planes traced out

by the revolutions of B D and cs may be confounded. It is not pre-

cisely the same thing with the pl.tneta, and least of all with the moon
;

but this belongs to Parallax. For the genei-al u.se of the astronomical

horizon, see Spherk, DocTBrxE or the.

The plane of the horizon at any place is perpendicular to the direction

of a plumb-line, or ]>arallel to the surface of any fluid at rest. At sea,

when it is necessary to take the altitude of any heavenly body, the

physical horizon is, in tolerably fair weather, sufficiently well defined

for the purpose, and, with proper allow.-vnce for its dip, is used accord-

ingly. But in land observations with a sextant or other instniment
requiring .an horizon, the surface of a fluid (generally mercury) is used,

which is called an artificial horizon, but might more properly be termed
an artificial portion of a horizontal plane. A very slight knowledge of

optics [Refi.exios] v\-ill show that the angle subtended at the eye by
a star and its image in a fluid is double of the star's altitude : this

angle, then, being measured and hftlred, the altitude of the star is

found.

HORN, a musical wind instrument, which in its primitive state

(that is, formed of the horn of an animal, or simply a shell) has been
known from remote ages. Of the horns now in use, three are cor-

rectly denominated,—the French horn, the hugle-horn, and the Russicut

hdirn. These are made of brass. The has»et horn (corno bcuieUo), and
the Englith horn (como Inglete), formed of wood, and partaking in

no respect of what is generally considered the distinguishing character

of the bom, seem to be improperly named.
The French horn, or bow, par excellence, the horn, Is a tube of about

ten feet, very narrow at top, widening considerably at the bottom, and
bent in rings for the convenience of the iwrformer, as well as to render
it more portable. It is not provided with holes. »a the flute, &c., the
production of the various sounds depending upon the lips of the player,

the more or less pressure of his breath, and the insertion of the hand
in the bell, or wide end, of the instrument. As a simple tube, the
horu, governed by the laws of acoustics [Acoustics], yields only the
generating note, or tonic, and its aliquot parts, or harmonics, and, of

course, would be confined to one key, but for the contrivances just
mentioned, by which the length of the instrument is adjusted to the
key required. This consists in croolv and ihanti, or shifting pieces,

added aa wanted to the upper end of the tube ; and thus the horn may
be employed in all keys.

Music for the horn is always written in the key of c, an octave
higher than played, and in the treble clef ; and the key in which the
instrument is to be tuned is indicated by the composer. Thus, if the
piece be in E It, the words " corno in ttt are prefixed to the horn part.

Example, as written

:

Horns in E».

-f—

r

The notes actually played are

—

f.f-^
Tho natural scale of the Horn is that of the trumpet, but an octave

lower. It is written as follows :

—

But the following are the sounds really produced :

—

By introducing the hand into the bell of the horn, a tolerably good

semitonio scale can be produced ; and by the addition of two valves to

the instrument, the performer can command a still more perfect scale

of semitones. •

The hiujle-horn is a tube of three feet ten inches in length, doubled
up in a small compass. The l-eyed buyle, or a bugle-horn with keys, is

that now in common use, the scale of which is as follows :

—

p
11^

f-^-g f̂-^-f^
-» 8»-

Z&JL:

The liusslan horn is an unbent brass tube, conical in shape, of various

dimensions : the deepest toned is eight feet long and nine inches in

diameter at the wide end, and the highest is two inches and a half iu

length, by one at the wide end. The former gives a, an octave below
the first siMce in the bass ; the latter gives E, the third additional line

above the treble ; or

—

Some of these horns, though not all, have keys, producing one or
two semitones ; but generally every note has its separate horn, and a
band of Russian horns counts almost as many individuals as diatonic
notes in a scale of between four and five octaves.

Basset-horn, or como bassetto. [Basset-Hobn.]
The English horn, or corno Inglfse, is a deeper-toned oboe, but of

rather larger dimensions, somewhat bent, the lower end very open, and
is to the oboe what the basset-hum is to the clarionet, or what the
viola is to the violin. The tone of this instrument is extremely
pathetic, and by the Italians is thought so much to resemble the
human voice, that they sometimes call it the voce umana. The scale

of the corno Inglesc (by which name it is most commonly known by
musicians) is from A below the treble staff to b I' above, or

—

including all tho semitones, except the lowest a J,

Of late years M, Adolphe Sax, of Paris, has excited much attention
for his Snj:hornt and Swx-trumptts, which have had considerable
influence on military music. It is stated in the Jury Report (class x a),

that ' his tiax-horm (double bass in E flat, and B flat) have left ophi-
cleides very far in arrear ; and his small treble Sax-horu in B flat is the
only brass instrument known that can reach with certainty and just
intonation the notes of the upper octave of the flute. His cornets-!i-

pistons are the best we are acquainted with. M. Sax has also created
the class of Saarnphonet, brass instruments with a simple reed, similar
to the clarionet. The effect of these new instruments possesses a
charm equal to the originality of their tone, and they carry to the
highest degree of perfection ' la voi.c expressive de I'orrhcstre.' " Favour-
able mention u also made of his bt-iss .and double bass clarionets, iu
wood and metal. He has likewise filled up tho gap in the tenor
trombone, between the lower E and the lowest B flat ; and his brass
bassoon is very perfect. He h.as also contrived a means of continuing
the sound ui brass instruments from one note to another through all

the enharmonic intervals ; and he has invented a means of changing,
by means of portfible tubes, the monotonous character of tho simple
bugle, and giving it the power of producing all the intervals of the
musical scale.

HORN MANUFACTURES. It is customary in England to use
the same word to denote two quite different substances ; namely, the
branched bony horns of the stag genus ; and the simple laminated
horns of the oxgenus and other kindred genera. The purposes to which
the Hint of these kinds is applied are the same as those of bone and
ivory, and the manufacture presents the same similarity. The other
kind of horn, to which the French ajipropriate the name come (while

they apply the name bois to bony horns), is found in the ox, the
antelope, and the goat and sheep. The structure of such horns may
bo described as a number of conical she<aths inserted one into another,

the innermost lying upon the vascular membrane which covers

the bony core. The tip, or that portion of the point of the horn
which projects beyond the core, is very dense, and the several layers

of which it is composed are scarcely distinguishable ; while towards the
base the layers may be readily distinguished, owing to their successive

terminations forming prominent rings. Horn appears to consist of

coagulated albumen ; and there is a graduated conuec! iou between the

substance of horns, nails, claws, hoofs, scales, hair, feathers, and even
skin.

The principal kinds of horn employed in manufacturing operations

are those of oxen, to which the hoofs of the same animals may be added.

The horns of bulls and cows are prefened, those of bullocks being thin

and of a coarse texture. The horns of goats and sheep are preferred.
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M bafaig whiter uti more tmMMrent than those of any other «niin«li.

The Aret r»oee« in the nuaauoture of horn is to remove the bony

eore or pith, which is aooompUehed by steeping the horns in water for

a month or more ; by this operation the membrane which lies between
the core and the homy sheath is so softened by putrefaction that tha

eores may be easily extracted. These are not tarown away, but ore

burnt to aahea, in which state they form the beat material for the

small testa or onpab employed by aaaayen of gold and gilvor. lu some
eases, instead of being thus used, the cores are boiled down in water,

by which a quantity M fat is extracted, which, rising to the surface, is

skimmed offand sold to the makers of yellow soap ; while the liquid itself

is used as a kind of glue, and is purchased by cloth-dressers for stiffening

;

and the remaining insoluble substance is crushed in a bone-mill for

manure. The solid tip of the horn is sawn off with a frame-saw, and

is employed for making knife-handles, umbrella-handles, the tops of

whips, buttons, and various other articles. The remainder of the horn,

employed fur purpose* for which thin lamime arc required, may cither

be left entire, or sawn iuti< two or more lengttiR, according to the uae

to which it is to be applied. When divided, the lower |>art, or that

next the root of the bom, is frequently eupluycd for making combs,

while the portion which has formed tho middle of the horn is us>.-<l for

lanterns and umilar purposes. To prepare the horn for use, it is

immersed in boiling water for about half an hour, by which it is

softened; and, while hot from this operation, it is usually held in the

flame of a coal or wood fire, until it acquires about the t«m|>erature of

melting lead, and becomes so soft oa to be semi-fluid. If the horn be
from an old animal, care is taken to expose the inside as well as the

outside to the action of the flame. Sometimes the softening is effected

by pressure between two heated surfaces of iron. The slitting of the

horn is performed while it is in the semi-fluid state, by a strong

pointed knife resembling a pnining-knife ; and, by the application of

two pairs of pincers, one to each edge of the slit, the cylinder or cone

of horn is opened until it is nearly flat. Several pieces are then
exposed to pressure between alternate plates of iron, previously beated

and greased, either in a press, or by placing them vertically in a stroug

iron trough, and compressing them by means of wedges. The degree

of pressure applied depends on the proposed use of lihe horn ; if it bo

intended to form very thin leaves for making lanterns, the pressiu^

should be sufficiently strong to break the grain, or cause the laminx of

the horn to separate a little, so that the edge of a round-pointed knife

may be inserted between them to complete the splitting or separatiou.

The thin sheets of hum are then scmiied with a blunt or wire-edged

draw-knife, upon a board covered with bull's hide ; .ind when thus

smoothed and brought to the required thickness, they are jmlished by
a woollen rag dipped in charcoal dust, a little water being added from
time to time. They are afterwards rubbed with rotten-stone, and
finally with horn shavingsi The painted toys known under the name
of Chinese sensitive leaves, which possess the curious property of

curling up as if they were alive when laid upon a warm hand or near

a fire, arc made of the best of the thin films removed by the draw-

knife. When the horn is to be converted into combs, the pressure

applied in flattening must be as slight as possible : lest, by the breaking

of the grain, the teeth of the comb become liable to split at the points.

If a comb or any other article be required of greater size than can be
made out of a single plate of horn, two or more may be united by the

dexterous application of a degree of heat sufficient to melt but not to

decompose the horn, sssisted by pressure. When this is well managed,
the junction cannot be perceived. The Chinese are skilful in this kind
of work, as may be seen in the large globular lantern in the museum at

the East India House, about four feet in diameter, composed entirely of

small plates of coloured and painted horn.

Horns fur combs are roughly cutby a hatchet or saw to the required
shape, and then finished by rasps and scrapers. If required to be of a
curved shape, they are first made flat, and after the teeth are cut they are

softened in boiling water, and pressed until cold in a die of hard wood.
Horn combe ornamented with openwork are extensively imported from
France, where they are producc<l by pressure in steel dies. Horn
shavings, when heated to a soft state, may easilybe pressed into the
form of combs, snuff-boxes, and other articles. The mode of cutting
the teeth of combs is described imder Cons Maxcfactdre.

Drinking-horns are now made by sawing Uie horn to the required
length, scalding and roasting it over the flre, placing it while hot in a
conical wooden mould, and driving a wooden plug firmly into the
interior, to bring it into accurate shape. When cold and hard, it is

fixed on a lathe, and turned and polished both inside and outside ; and
a groove or ekimt u cut with a gage-tool within the smaller end, for

receiving the bottom. The horn is then softened before a fire, and the
bottom, which la a round flat piece of horn cut out of a plat<! with n

orown-Mw, is dropijed in at the larger end, and forced down until it

reaches the chime. By the subsequent contraction of the horn in

cooling, the bottom is so firmly fixed as to be perfectly water-tight.

In ue manufacture of all articles made of fragments of horn com-
preMiid into a solid mass, great care is necessary to avoid the presence

of greaae, which would prevent perfect union. The masses of horn
should be moved with wooden instruments while at the fire, and in

carrying them to the moulds. Bollpulls, the handles of table-knives

and fortes, knobs for drawers, and many other useful articles, are Uius
formed : care being taken, whenever the article is put into the mould in

two or more pieces, to fit them together so that they may dovetail

one into another.

Honi is eaaily dyed of varions colours. In this country it is usually
coloured of a rich reddish brown, and spotted to imitate tortoiaeshelf

;

this is effected by a mixture of paarl-aah, quickUme. and litharge or
red lead, with water and a little pounded dragon's blood, applied hot
to the parts of tlie horn which it is desired to colour. For a deeper
colour the mixtiu^ may be applied twice ; and for a blacker brown tha
dragon's blood may be omitted.

No part of the refuse of the bom manubcture is without its value.

When ex]xiaed to a decomposing heat in olose vessels, horn produces a
large quantity of the gasooiu compound which forms the base of

prussic acid : on which account hoofs an<I horn cuttings are in great
request among the manufacturers of Pnissian blue, and of the beautiful

yellow pniasiate of potiuh. The clippings of the comb-maker are also

used as manure. In the first year after they are spread over the (oil,

they have comparatively little effect ; but during the next four or five

their efficiency is considerable. The shavings of the l.intcm-maker,

from their extremely thiu and divided form, produce their full effect

on the first crop.

Two recent improvements in the horn manufacture may be briefly

noticed. One, introduced by M. Poasoz, of Ixellcs, in Belgium, con-
sists in so heating, pressing, and rolling the horn, that the grain

becomes straightened, the fibres lengthened and compressed, and the
substance rendered so elastic and solid as to be fit for making into tlie

ribs of umbrellas. Another, by Mr. Macpherson of Sheffield, relates

to tho mauufooture of articles of fumitiu-e out of small waste fragments
of horn and hoof. He cleanses tho fragments from grease and dirt,

soaks them in boiling water containing a little lime and potash, brings
them into a cohesive moss by pressiu'e between iron dies or moulds
heated to 300° Fahr., and fiuMly gives shape to them by pressure in

moulds specuilly prepared. The finer the fragments, the better the
result ; if there be differences in quality, the beet is kept at the surface.

Varied effects may l)e produced by cementing different colours and
kinds together ; and inlays of mother-of-pearl or of metal may be used.

Horn dust is better than any fragments ; and one po'und of horn will

^eld twenty-two cubic inches of such dust. The substance produced
IS well suited for table-tops, )>anel8, work-boxes, dressing-cases, door
knobs, &c. Hoof works up nearly as well as horn, and looks much
like tortoiseshell. A table-top has been jiroduced, of twelve square
feet, and three-quarters of an inch thick, with forty pounds of horn.
The solid tips of horns are worth 30/. a ton, but waste horn can be
bought for a quarter of this price ; and this relative cheaimess appears
to have suggested the mode of manufacture here described.

The monufactiu-e of a kind of artificial horn has been established in

France. It consists of gelatine, usually obtained from bones by treating
them with muriatic acid, converted into a homy substance by tanning.
Upon becoming bard and dry it resembles horn or tortoiseshell, bout
in appearance and in the facility with which it may be softened, by
boiling in water with potash, and moulded to any required form. By
inlaying with gold and silver, and staining with various colours, it may
be rendered highly ornamental.

A considerable trade in horn has sprung up. The importations
exceed 3000 tons per annum, the chief supply being from the East
Indies. The importations in one year into Liverpool comprised
280 tons of deer horns, 200 of buffalo horns, 120 of bu&lo tips, and 700
tons of ox and cow horns. Including the produce of home animals, the
quantity of horns worked up is supi>osed to be not less than 6400 tons,
worth 180,000/. The comb manufactiu«rs alone consume 1300 tons, which
produce 320,000/. worth of combs. Sheffield requires nearly 300,000
deer homs annually to make handles for cutlery.

HORN-WORKS AND CROWN-WORKS, arc fortifications usually
situated in advance of the principal works of a place. The rampart of
the front, on the plan, is similar to that which is formed on e'wh side of
the polygon, supjiosed to surround a regular fortress ; and on each
flank a line of rampart returning from the nearest extremity of the
front terminates on the ditch either of a bastion or ravelin on the
enceinte of the place. The work is generally strengthened by a mvclin
placed before the curtain between its two demi-bastions, and by a
covered-way .ind glacis beyond the ditch; these return along the
branch or wing on each side, and join the covered-way and glacis of
the collateral Ktstion or ravelin of the enceinte.

The invention of horn-works is referred to the commencement of

the 17th century. At first the plan of their rampart had simply the
form of the letter M, the upper points being directed towards the
country like homs ; from winch circumstance the work obtained its

name. They apjicar als<i to have been at first formed of earth only,
for the puriKise of strengthening a |>laco in (Uily expectation of a siege,

when there were no outworks and when the bastiuns were small and
very distant from each other. They were then constructed in front

of tho curtains, by the fire from whence the approach of the enemy
towards their flanks might be opposed.

But the feeble defence which was made by such works when
attacked in front, and the advantage of occupying beyond the princi|)al

fortress some position from whence, during the siege, the enemy might
be annoyed in forming his approaches, or which, if gained by the latter,

might enable him to command the town, almost immediately induced
engineers to give to the hom-work the form first described, and to
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extend it considerably towards the country. Being however regarded

but as a work of secondary importance in the defence of a place, the

length of its front was seldom so great as that of the sides of the

polygon on which the fortifications of the enceinte were constructed,

and generally did not exceed 210 yards ; which, since the relief of its

rampart was necessarily nearly the same as that of the enceinte, scarcely

allowed the ditch before its curtain to be effectively defended. The
lengths of the branches or wings were regulated by the necessity of

having the ditch and covered-way in front of the salient angles of the

demi-bastions within the range of a fire of musketry from the collatertvl

works towards which the ramparts of the >vings were directed ; and
occasionally the latter were broken, on the plan, so as to form short

flanks from whence a fire might be directed towards the nearest of

those salient poinds. •

That which has been found occasionally useful is too frequently, by
an improper .ipplication, converted into a positive evil ; this was the

case with the works now being described ; and at a very early period

the multiplicity and injudicious disposition of them were subjects of

animadversion among the best engineers. It often happened that they

were constructed at great expense in situations where no end whatever

was 'to be gained by them, and so close together that the defenders of

their branches could not have avoided firing upon one another.

In proportion as the means employed in the attack of places were

increased the earUer fortresses becam^ incapable of affording room fur

the buildings necessary to lodge the troops, and contain in security the

quantity of artillery .-md stores which the corresponding augmentation
of the means of defence demanded ; and hence it was sometimes
found necessary to increase the extent of the advanced works about a

place. This was done, at first, not by enlarging the dimensions of the

half-bastions and curtain at the head of such works, but by making
that head to consist of two or more fronts of fortification, in which
case they took the name of double, triple, &c., horn-works, but more
generally Crown-works. At a later time however the importance

of advanced works was more highly appreciated ; and, both by an

improved disposition of them and by giving to their fronts dimensions

equal to those of the general fronts of the place, they became not only

tree from the defects to which the old works were subject, but also

capable of making a defence equal to that of a regular fortress.

The defects of the old horn-works consist in the expense of the con-

struction being greater than b warranted by the benefit to be derived

from them in the defence ; in presenting to the enemy a front which,

from its smallness, may be taken more easily than one of the fronts of

the enceinte ; in the revetment of the latter being liable to be

breached by a fire of artillery directed along the ditches of their wings

from batteries formed on the gWis opposite the saUent angles of the

work ; in the comparative security with which an enemy, after having

made a lodgement in the work, might carry on his approaches in the

interior in consequence of the protection afforded by the ramparts of

the wings against any attempt of the besieged to impede him by sorties

directed upon his flanks; and, lastly, in the large place d'armes the

ditches afibrded in which the assailants might assemble in large

numbers unnoticed and in security for an assault. It should be

observed, however, that Vauban, who constructed many such works,

appears to have entertained a favoiu-able opinion of them. He gives

the preference to such as are formed immediately in front of a bastion

;

the wings being directed neither to that work nor to the collateral

ravelins, but towards the curtains adjacent to the bastion. By this

means the ditches of those wings are capable of being defended by the

artillery of the curtains, while the rev«5tments of the latter are covered

by the tenailles so as to render it impossible to breach them near the

foot by a fire of artillery directed along those ditches. But his best

application of a horn-work was made at Belfort, where he executed

one entirely in advance of the glacis of the place ; in conseciuence of

this disposition the rev4fment of the encehite is effectually secured

against being breached till after the horn-work is taken ; while, at the

gorge of the latter, the height of the terreplein above the grovmd at

the foot of the glacis ensures the work itself from being taken by an

assault in that direction.

A nearly similar disposition was adopted by Cormontaingne in

executing the double crown-work at Metz. Beyond the glacis of that

place, on one side, the ground rises with a gentle inclination, till, at

some distance from thence, it forms one side of a deep valley ; aud

along the brow are constructed, on nearly a straight line, three strong

fronts of fortification. The ground is terminated on the left by an

escarpment, which is crowned by a line of rampart with its covered-

way and glacis ; and on the right is a valley watered by a rivulet,

which, being dammed, forma a lake capable of securing the works

against an attack on that side. Each flank is further protected by a

Stached lunette, or redoubt : that on the right, being surrounded by

water, is nearly inaccessible ; and that on the left is strengthened by a

system of countermines.
The ample capacity of the bastions and the direction of their face.i,

which are such as to prevent them from being enfiladed ; the con

traction of the ground before the works, by which the enemy would
be reduced to the necessity of making his attack on a smaller extent

of front than that of the defenders ; aud finally, the measures taken to

secure the flanks, justly entitle this fortification to the chaiacter of

being the moat complete of its kind in Europe.

HORNPIPE, a rustic musical instrument, still, we believe, knowni
in Wales, consisting of a wooden tube, with holes, aud a reed. At
each end is a horn ; one to collect the wind blown into it by the
performer, the other to augment the sound. The Hon. Daines Har-
rington states, (' Archffiologia,' vol. iii., 1 770) that '• the tone, considering
the materials of which the instrument is composed, is really very
tolerable, and resembles an indifferent hautbois." In the Welsh lan-

guage its name is pib-corn, which signifies, literally, pipe-horn. Sir
John Hawkins quotes Chaucer to show that the hornpipe was a real,

not an imaginary instrument ; but in the ' Tatler,' No. 157, is a proof
not only of its reality, but its actual existence so late as 1710.

Hornpipe is also the name of a dance ; .ind Harrington is of opinion,
that the dance-tunes called Hornpipes were originally composed for the
instrument known by the same name. Hawkins says, that the horn-
pipe was invented in this country. It appears,—from the ' Dancing-
Master,' 17th edit. 1721,—to have been in triple time, six crotchets
in a bar; but the well-known time, 7'lie Colleye Hornpipe, is in duple
mea.sure.

HOROLO'GIUM (Constellation), the Clock, a southern constellation

of Lacaille. It is cut by a line passing through Canopus to the southern
part of Eridanus. Its principal stars (of which it is not worth while
to make a table) are a and $, .34 of Piazzi and 229 of Lacaille, or 1315
and 956 of the ' B. A. Cat.,' both of the fifth magnitude.
HOROLOGY (from the Greek ffipo, time or hour, aud \iyos, a dis-

course), is an explanation of the principles of the measurement of time
;

but in its modem sense the term is usuiilly appUed as descriptive of

that art which comprehends a knowledge of the action of the various
machines used for the purpose of measuring time.

S>m-dials, which show apjxirent time, and clepsydra:, which give a
rude approximation to mean time, were the earliest machines used in

the measurement of time. [Clepsydra ; Sundial.] We shall in this

article only treat of those pieces of mechanism, used for the measure-
ment of time, which are kept in motion either by the constant action
of gravity through the medium of a weight, or by the elastic force

of a spring, and which have received names varying according to the
duties they have to perform. Thus, the term timepiece is applied
to any piece which is intended iuerely to mark the time without
striking the hour ; a clock is one which, in addition to showing the
time, strikes eveiy hour, on a bell or spring, a number of strokes

corresponding to the hour of the day or night indicated by the hands at

the time ; a quarter clock is one which also strikes the quarters as the
hand successively arrives at them ; a tcatch is a pocket timepiece

;

and a repeater is a watch which by means of any mechanical con-
trivance can at pleasure be made to rei>eat the hour, or hour and
quarters.

History of Cloels and Walclic».—The early history of clocks and
watches is enveloped in so much obscurity, that it would be almost
impossible to point out any individual who could with propriety be
called the inventor. The term Iwrolor/iuni v/na tised very early in

different parts of Europe ; but this wore! being formerly applied indis-

criminately to a sun-<lial, as well as a clock, nothing decisive can be
inferred from its use. Striking clocks were known in Italy as early as

the latter part of the 1 3th or beginning of the 1 4th century. A fine

imposed on the chief-justice of the King's Bench in 1288, was applied
to the purpose of furnishing a clock for the famous clock-house near
Westminster Hall. In the reign of Henry VI., the king gave the
keeping of this clock to William Warby, dean of St. Stephen's,
together with GU. per day to be received at the exchequer. St. Mary's
at Oxford was furnished with a clock in 1523, out of fines imposed on
the students of the university. The middle of the 14th century seems
to bo the time which affords the first certain evidence of the existence
of what would be now called a clock, or regulated horological machine.
The first clock at Bologna was fixed up in 135G. Henry de Wyck, a
German artist, pl.iced a clock in the tower of the palace of Chtorles V.
about the year 1364. Mention is made in Rymer's ' Foedera,' of pro-
tection being given by Edward III. to three Dutch horologers who
were invited from Delft int<j England in the year 1368. Conradus
Dasypodius gives an account of a clock erected at Strasburg about
1370. According to Froissart, Courtray had a clock about the same
period, which was taken away by the Duke of Burgundy in 1382.
Lehmann informs us that there was a clock at Spire in 1395. Niiruberg
had a clock in the year 1462 ; Auxerre had one in 1483, and Venice in

1497. It appears, from a letter written by Ambrosius Camaldulensis
(lib. IV. epis. 4) to Nicolaus of Florence, that clocks were not veiy
uncommon in private families on the Continent about the end of the
15th century; and there is good reason for supposing that they begivn

to become general in England about the same period. The conclusion

to be drawn from the evidence here adduced is, that a regulated

horological machine is neither of so ancient a date as some writers

suppose, nor yet the more recent invention of the last two centuries

;

and that the inventor is not certainly known. Ferdinand Berthoud
wtis of opinion that a clock, such as that of Henry de Wyck, is not
the invention of one man, but a compound of successive inventions,

each worthy of a separate contriver. This supposition is confirmed

by analogy ; for the clocks and watches of the present day have been
brought to their present degree of perfection by a series of successive

inventions aud improvements tipon what may now be called the rude
clock of De Wyck, the most ancient clock of which wc have a
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daieripUon. t)« Wvck'a dock wm rcgulaUi) hj • Manoe to the

ttdlowmg muuier {jitf. 1) :—Tbs tMth of the crown-wheel s act on

11'
a

two tnuU leven r c, called pallots, which project from and form part

of an upright BtAflT or spindle c D, on which is fixed the balance A B

;

and the mode of adjtistiiig tlio clock to time waa by shifting the ttro

weighta w w nearer to or farther from the centre.

Although this clock of Do Wyck's, and indeed all those made \rith

a balance for the regulator, without any regulation spring, must have

been very imperfect machines, we find that so early as 1484 Waltber,

and after him the landgrave of Hesse, made use of a balance-clock for

astronomical obaerrittions. Such, indeed, seems to hare been the com-
parative utility of the clock thus early for astronomical purposes, that

Oemma Frisius proposed the use of a portable one for ascertaining the

longitude at tea about the year 1530. In 1560 Tycho Brahc! possessed

four clocks, which indicated hours, minutes, and 'seconds; the largest

had but three wheels, the diameter of one of them being 3 feet,

and containing 1200 teeth, a proof of the imperfect state of clock-

work at that period. Tycho also observeil irregularities in his clocks

dependent <ipon changes in the atmosphere, but does not appear

to have been aware how they were pnxluced. In 1S77 Moestlin

had a clock which made 2528 beats in an hour, and by counting

the number of beats made during the time of the sun's passage o\-er

a meridian, the sun's diameter was dctermineil to be 34' 13". At
what time the size of clocks was reduced to a state of portability

is tmcertain, but it must h.ive been prior to 1544 ; for in that year

the corporation of master clock-makeni at Paris obtained from Francis 1.

a statute in their favour, forbidding any one who was not an a<lmitte<l

master to make clocks, watches, or alarms, large or »mall. Before

portable clocks could be made, the substitution of the main-spring for

a weight, as the moving power, must have taken place ; and this may
be considered a second era in horology, from which may be dated the

application of the fusee ; for these inventions completely altered the

form and principles of horological machines.

Such was the state of clock-work when Galileo observed tliat hcB\'y

bodies, suspended by strings of the same length, made their vibrations,

whether in long or short arcs, in very nearly, if not exactly, the same
(paces of time. Although he never applied the pendulum as a regu-

lator to supersede the balance in clocks, yvt bis discovery was we
Srelude to a third era in clock-work, namely, the origin of the pen-

uluni clock. The honour of first applying the pendulum to a clock

has been a matter of much contention. Huyghens, whether the inventor

or nut, undoubteiUy applied it in the more masterly and scientific manner,
and hence has generally been considered the inventor ; but it is now
known that a London artist, named Kichard Harris, Invented and
made a long-pendulum clock in 1841. Very soon after the application

of the pendulum to clocks, the idea of Oemma Frisius was attempted

to be realised by the ingenious Huyghcnu in the constructiun of a marine
clock. He also discovered that its pendulum vibrated slower as it

approached the equator, which has led the way to a subsequent dis-

covery that the earth is not a globe, but an oblate spheroid. In

1676, B.ulow, a London clockmaker, invented the repeating mechanism
by which the hour last struck may be known by pulling a string.

Several artists followed in the same line, jorticularly Quare, Julien

k Roy, Collier, Lar^ay, and Thiout. Clocks were soon after this

made to show not only mean but apparent time. The principal artists

employed in this more curious than useful part of horology were Sully,

FoUier Alexander, Le Bon, Le Itoy, Kriegseissen, KnderlinTL'Admiraud,
Faaaemeot, Uivar, and Graham. I'he anchor escapement was the work
of Clement, a London clockmaker, in 1680. This change in the

eacapemcnt introduced the practice of sust>end!ng the pendulum by a

thin and flexible spring. The seconds' pendulum, with this escapement,

was called the royal pendulum.
Aniither era in the history of clock-work commenced with the

beginning of the Ibtb century. In 1715 Qeorge Graham sought for a

means <iir rectifying Uie errors of the pendulum, caused by the con-

traction and cxmnsion of metals under change* of temiieraturo ; and
this means he found in the celebrated mtratrial ptnduliim. John
Bairison improved on Graham's arrangement of the i>cndiUum ; and
Qraham himself afterwards introduced bis dtad-btat aea/tcmnil, as an
improrement on the anchor or recoil escapement prcvioualy in use.

From the days of Graham and Harrison lucMaiiTe improvements have
been introdaccd in cvenr port of the art. Such of those oa ar« of

primary Importance will be noticed as we proceed.

Ckrviiijmtlrrt.—A chruoometor, an eight-day spring clock, a time-

pjace, and a pocket watch have this in common,—that their source

of po««r is derived from a coiled spring, and not from a pendulum.
Chronometen* are in extenaire use for determining the longitude at

sea, and for other purpoaea where an accurate meoaur* of time ia

required, oumbincd with great porfaUiilitv in th* itwtrument. The
general appearance of wliat la termed a pocket ohroBometer Is that of a
common watch ; and it is generally mode to go the same time with

once winding up— namely, thirty hours. Those used for nautical pur-

poses are larger, having dial-plates from three to four inches in

diameter, and are usually made to go from two to eight days between
the times of winding up*; they have, in addition tu toe hour, minut*,

and second circles, one on which a band denotes the time in days that

the piece has been going since the last winding up. Each ehronomatao-

is well secured in a brass box, mounted on gimbals, in order that th«

machine may preaerre one uniform position, and is inclosed in a maho-
gany case.

A chronometer has for its moving power a main-spring, the variabl*

force of which is equalised or rendered uniform by the intro<lucti.'n of

the /iM«, a very beautifttl contrivance. This fusee is a variable lever,

upon which tlie main-spring acts through the medium of the chain.

It is a mathi-matical curve which has this peculiar property, that

as the chain winds upon it, the distance from the centn of motion of

the fusee to the semidiameter of the chain which ia in contact with it

continually varies. The variation is in this proportion,—namely, that

the distance from the centre of motion of the fusee to the sami-

diametsr of the chain at that jwint where it leaves the fuses, for th«

barrel, multiplied by the force of the mainspring acting on the dhaiB

at th.it time, shall !« a constant quantity ; that is, shall be the same
whatever i>oint of the fusee m.ty be taken. Thus, at any given distance

from the centre of motion of the fusee, its power to turn any machinery
is uniformly the same ; and as the great or main wheel, which commu-
nicates motion to all the rest, is attached U) the fusee, their centres of

motion coinciding with each other, it fullows that the power at the

teeth of the main wheel is perfectly uniform : this power Is trans-

mitted through the medium of a tiiin of wheels and pinions till It

comes to the escapement.

A chronometer differs from a common watch in the escapement, and
in having a compensation for heat and cold. The peculiar mode of

effecting this compensation consists in having what is technically

termed an expamion. balance. The Jigt. 2 and 8 represent each a

Flff. 2. Fl«. >.

balance,—some being m.ode with weights, w w, as in J(g. 2 ; others
with screws, as in fy. 3. I'iich consists mainly of two segments, and
each segment is of stoel on the concave side and of brass on the
convex ; a steel bar, a B, tmites them. When such an apjxiratus is in

use, any increase of temperature diminishes the elastic force of the
balance-spring, which would cause the machine to lose ; but the same
degree of heat ex|>ands tJie outer rim of the balance, which is brass,

more than it does the inner one, which is steel. Not being able to

separate, a curvature of the whole ann takes place, which carries the
weight W towards the centre, whereby the inertia of the Imlance is so

mudi lessened as to allow^ the lialance-spring to exert the same influence

as it had previous to the change of tcmijcrature. Again, a diminution

of temperature increases the elasticity of the spring, which would
cause the machine to gain ; but the brass contracting more than the
xteel, produces a curvature of the arm outwards, which increases the
inertia of the balance, and allows the spring no more influence over it

than it hod previous to the change of temperature. The proper
situations of the weights w w are found by experiments on the rate of

the machine. It is evident that the nearer the weights are to the
moveable ends a a of the arms, the greater will be the space through
which they ui»ve by any change of temperature, and consequently the

greater the variation m the inertia of the balance; whence, if an
increase of tenqieraturo causes the machine to lose, or a decrease of

tein))craturu causes it to gain, it shows the compensation not to l>e

BuiBcienlly active. In adjusting those balances made with screws,

it will readily be jierceivwl that the moving in or out the screws 4 4
will produce a greater effect than S 8, and these again greater than
3 2, and so on; and, also, that in the adjustment two opposite screws

miurt always be moved in or out the same quantity. The moan-time
screws c con produce no effect on the conipensntion, as no motion is

given to them by the curvature of the arms. It has been found hy
exgwrimeut, that in every balance-spring of sufficient length, there is a

part of it which will be isoehronal, or neariy ao; and this length
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being found, it is not desirable to alter it in bringing the machine to

time. To effect an adjustment, the two screws c c have been introduced,

the drawing out of which from the centre causes the machine to lose,

and the screwing them in to gain.

Many important matters relating to chronometers apply in a smaller

degree to spring clocks and to pocket-watches, and will receive notice

as we go on. But it is necessary here to say a few words concerning the

competilire trials of chronometers, which have partly resulted from,

and have partly suggested the beautiful inventions perfected within

the last few years by Eiffe, Frodsham, Ixaeby, Dent, and others.

Between the years 1822 and 1835, the Admiralty gave rewards .is

prizes for the good performance of individual chronometers : two or

three sums being given annually to the makers of those which showed
the smallest amount of error. Nothing was given for any new prbiciplt

;

but the general construction was improved by this competition. The
relative order of merit was arrived at by t.'iking the number of seconds

in the greatest difference between one week's indications and the next,

and adding to it twice the PTeatest difference between one week's rate

and the next ; the sum was the trial number ; and that chronometer

gained the prize which exhibited the smallest trial number. The trials

were conducted at Greenwich Observatory, imder the Astronomer
Boyal. After the year 1835 the prize* were withdrawn ; but the

makers were equally ready to compete, on the score of reputation and

commercial advantage. The test was rendered more severe ; for every

ahronometer was exposed in the open air to the fiercest cold of winter ;

and at other times to the air of a chamber heated to 100" Fahr. In

successive years different makersobtained the post ofhonour ; for instance

Poole in 1845, Button in 1846, Frodsham in 1847, Hewettin 1848, Eiffe

in 1849. In the five years here indicated, 219 chronometers were teetecl

at Greenwich ; of which 79 were bought for public use, a1 a maximum
price of 62/. During the course of these refined experiments, a fact

was observed which amounts almost to a new discovery. However
perfect may be the compenwition of a chronometer for certain tem-

peratiuvs, it was found that it did not remain constant for all

temperatures. If a chronometer be planned to resist great cold

and great heat, it gains at medium temperatures ; but if specially

adapted for the latter, it errs slightly in very cold and very hot

weather. The late Mr. Dent explain^ this fact by supposing that

the inertia of a spring balance, as usually constructed, cannot be

made to vary uniformly according to temj)crature, but will vary more
rapidly in cold weather than In hot. Chronometer-makers at once

set about devising a remedy ; and this remedy, however produced, is

called the secondary compensation. Loseby, Dent, Eiffe, Molyneux,

and other makers, have invented highlyKiurious arrangements of

spring balance, all of which have been severely tested at Greenwich,

and some of them rewarde<) by government grants. Loseby's

arrangement, which received high commendation from the Astro-

nomer Royal, may be thus briefly described. Attached to the

balance is a curved tube containing mercury. The mercury, on
expanding with an increase of temperature, arrives at certain piuis of

the tube inclined in different degrees to the radii of the balance ; and
therefort! its successive expansions produce successive effects of different

magnitudes on the momentum of the balance. By giving different

forms to the tube, the Liw of the successive alteration of the momen-
tum may be made to adapt itself to the law of alteration of the

elasticity of the spring, whatever that law may be.

Syring Clocks.— In describing spring-xslocks, we shall at the same
time treat of many parts of the mechanism which are applicable like-

wise to chronometers, but not described in the foregoing ])aragraph8.

In fig. 4, A B c D may be taken as representing the front plate of

an eight-day spring clock (which is supposed to be transparent), and is

attached to another plate of similar form by five strong pillars between
which the wheels here shown are placed. E E are two barrels con-

taining springs ; the one on the right gives motion to the train of

wheels called the going or watch train ; the other to the strildng train

of wheels «, f,g,k, and fly i. In producing the series of movements, a
ii the main wheel of 96 teeth, acting in the centre wheel-pinion it of

eight leaves, to which is attached the centre wheel b ; this revolves in

an hour, and acts in the third wheel-pinion I, on which is fixed the
third wheel r, acting in the swing or acape wheel-pinion m (not seen in

the cut) ; to this pinion is fixed the swing-wheel d, whose teeth act alter-

nately on the two pallets n o, and thereby give motion to the penduliuu
by means of a piece attached to the arbor of the jiallets, one end of which
enters a slit made in the pendulum for its reception, p p are the two
fusees, the use of which has already been described in connection with
chronometer*. The method in which the fusees are attached to their

respective wheels a and e is shown in fi'j. 6, where is the main wheel of

96 teeth hollowed out to receive the click 6 and its spring c which are
attached to the wheel, the ratchet d being attached to Uie under side

of the fusee by two screws. In jig. 4, e is the striking main wheel,
having 84 teeth ; this drives the pinion p of eight leaves, on which is

the pin-wheel / of 64 teeth, into the rim of which are put eight pins to

lift the hammer «, by acting upon its tail i. The pin-wheel / drives
the pallet-pinion 9 of eight leaves, on which is fixed the pallet-wheel g
of 50 teeUi ; this pallet-wheel acts in the warning wheel-pinion r of

seven leaves, on which is the warning-wheel h of 48 or 50 teeth, acting

in the fly pinion i. When in action a pin in the pin-wheel catches the
tail of the hammer t, and raising it, the hammer-head > recedes from

the bell ; and as soon as the pin leaves the tall of the hammer, the

force of the spring « acting on the lower part of the hanamer produces

Fig. 4.

a blow on the bell. The number of strokes on the bell is regulated by
mechanism placed on the outnide of the front plate of the clock, but is

removed from the Bgiire j ust described, to prevent confusion. (See

fig. 5.) On the centre wheel-pinion i (///. 4), whose arbor comes

Fi?, 5.

^•g^^^

Striking Mechantsm.

through the front pl.ite about one and a half inches, is placed the

minute wheel a (fi'i. 5), which revolves with the centre wheel in an
hour, and carries the minute-hand of the clock. This wheel has a pipe

nearly as long as the centre-wheel arbor, the upper end of which is

squared to receive the minute band ; and by means of a small spring

beneath the wheel, which rests upon a shoulder just above the upper

surface of the front plate, and acts against the upper eurf.ace of the

wheel, the wheel, together with the hand, is forced against a pin over
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tka hand. The whole of the wheeb In thii group on thenfore be
turned (orwkrdi or )«ckwmrda without dixturbing tae intenuU mechn-

.^^'^i^ll^ll^^

Ftuce-whcrl. ^

ninn of the clock, or rather that port of it which is called the goli>{/ or

Kotdt train ; fur the minute-wheel a gives motion to another minute-

wheel ft, which, aa it must revoWe alao in nn hour, has the same number
of teeth aa 0. A pinion in the centre of the wheel 6 haa six leavea,

and acta in the hour-wheel e of 72 teeth, which ia placed over the

minute-wbed a, and conaequently revolvea once in 12 hours, and haa

acrewed to ita socket, at the upper end, the hour-hand. To the socket

of the hour-wheel, about one-eighth of an inch above the wheel, is

fixed a piece in which are 12 steiis, each of which includes an angle of

30°, or a twelfth part of a circle ; thia piece is called the »iioi7, and is

represented by d. r is a rack whose centre of motion is a stud or pin

/, on which it acta by means of a pipe about half an inch long, and on

to the upper end of which is riveted the rack-tail y ; in this rack-tail ts

a short pin A, pointing perpendicularly clownwards to the front plate

of the clock. The rack lies about the tenth of an inch above the front

plate ; but the pipe which acts on the stud is long enough to carry the

rack-tail just clear of the snail when the rack is forced back by the

spring • ; whilst the pin A is long enough to strike against the steps in

the snail, and yet so short as to be perfectly free of the hour-wheel c.

Near this is k, the rack-hook moving freely on a stud ; nt the lifting

piece, also moving freely on a stud p ; n the tail of the lifting-pieco

firmly pinned on to the upper part, and moving with it ; o the gathering

pallet, which has a s<iuare hole through it, and is fixed upon the square

end of the arbor q of the wheel </ (/»/. 4) which revolves once for every

blow given by the hammer. A ]>in in the warning-wheel A always

tanda in the same position when the striking part is at rest, which is

the position represented in Juj. 4. On the end of the lifting-piece is a

small piece g (/ig. 6), which passes through a slit in the front plate,

and resting on the bottom of the sHt, keeps the lifting piece in its

proper position. The gathering pallet o rests on a pin r in the rack,

and thereby prevents any motion in the internal wheel-work of the

striking train. Such being the mechanism, the mode of action will be

understood from a study of the figures, without a detailed description.

A small piece J- is called the puU-pieee, by pulling a string at the end

of which the lifting-inece ia raised, and the clock is made to repeat

the hour last atrudc at any re<iuire<l time, y ia a spring to force

the pull-piece x against the pin z fixed in the plate of the clock ; > is

another pin to limit the motion given to the pull-piece x when the

string ( is pulled.

Pocket-Katcha.—Without attempting to notice the numerous im-

provements in spring clocks, we shall proceed briefly to describe those

features in a pocket w'atch which are of a distinctive
^t- '• character.

^'''''^N. When clocks and watches had acquired a certain

^ I) ~ \ degree of accuracy in their performance, the time lost

in winding up (especiUly when it had to be done
every twenty-four hours) became a matter of import-
ance ; and there have been several inventions to

remedy this evil, by producing what is called a main-
taining poteer. By Uuygfaena the clock was kept going
while winding by means of on endltu cord, as in fig. 7.

B ia the dock-barrel ; c, that portion of the line which
cornea from the barrel to the weight ; p, a pulley fur

the Una to run over; q, a pulley for the line to nm
under, and to which is attached a small weight tr. It

will be seen by inspection that the hand applied to

that part of the line marked a will lie able to raise

the weight w without depriving the liarrel u of any
portion of the power by which it is urged forward,

and which power in this arrangement is equal to one-

half of the weight w. Another kind of maintaining
power ia the forcing tprimj, shown in fij. 8. A lever A,

whose centre of motion is o, has a notch cut in ita

end, into which ia jointed a small lever c, whose centre
of motion ia x ; tlus small lever is kept in ita proper
position against the bottom of the notch, as shown in

A, and also in B (which is only another position of the lever), by a
alight spring *, B ia a strong spring which acta constantly on the

EndlfMCord.

lew A, having a UmSmaj to force it into the position repreaeated
by B, in yMeh it is not in action. Prerioua to winding the clock up,
the end b of the lever is depreaaed and brought from {losition b to

Fir. 8.

K|t.».

• *j^^f''

?••/5P*

Forcing-sprinir.

that of A ; and in ita progress in jioasing a tooth of the wheel the amall
lever t asaiunea the position represented in fig. 9, which it is allowed
to do by the very slender spring s. As soon as the t«ioth is passed,
the pressure of < obliges the lever e to return to its original place

;

and by the pressure of its opposite end on the bottom of the notch in

which it is inserted, the lever a is prevented from regaining its former
position by the pressure uf the piece c on the tooth of the wheel

—

until the wheel shall have advanced so far as to ha%-e allowed ita

esca]>e, when the lever regains its position B, where it remains till

another winding becomes necessary. It will be evident that so long
as e remains on a tooth, the wheel will be urged forward by the action

of the spring D. 1 1 are two pins which are fixed in the plate of

the clock, and serve to determine the quantity of motion given to the
lever A.

Harrison's contrivance for the same purpose, however, is the one
now in general use, both in clocks and watches, and is admirably
adapted to the purpose. When this principle is a|>pUed to a fusee, it

is termed a going futce ; but maintaininri power, as a more compre-
hensive term, is now generally applied. Into the hollow of the fusee-

wheel is placed a circular sjiring a b c, (Pig. 10), which is secured to

Fig. 10.

IlarrLion's Maintaining Power—Going Fiuce.

1, Vntee nuxillnry ratchet, and fasce-whecl attaobrd ; 3, ruwc-Trhorl and
auxiliary ppriiig, separate ; 3, 4, upper and under vidcs of the fusee,

aeparate ; 6, auxiliary ratchet g, with olicka a a, and 8T)ringii e c, attached.

the wheel by a pin at about one-fourth of its circumference from the
end a, namely, at ft. The wheel has a short notch cut tlirough it,

near the other end of the spring. The spring passes over this notch

;

and by means of a pin r, fixed firmly in the spring and projecting
through the notch m the wheel, a motion is allowed to the spring,

which in extent is equal to the difiercnce between the length of
the notch in the wheel and the thickness of the pin which passes
through it. It is the reaction of this spring through the short
distance already mentioned which maintains the motion in the watch
during the time of winding up. Instead of any cUck and H|iring Iwing
attached to this fusee-whccl, as in an ordinar)- eight-days' clock, there

is a circidar disc of steel, rather larger than the bottom uf the fusee,

and smaller th.-ui the fusee-wheel, having very fine ratchct-teeUi cut
in its edge, and two clicks a a and springs e e on its upper surface, in

which the ratchet fixed on the under side of the fusee, and called

the fusee-rotchet, acts. The steel-ratchet is called the auxihary-ratchet,

and its teeth stand in a direction opposed to those of the fusee-ratchet.

We will now suppose the auxiliair ratchet to be laid on to Uie fusee-

wheel over the spring abe; » hole m its centre passing over a short pipe

in the centre of the fusee-wheel retaining it in its situation ; the pin

c, which we have described as projecting through the notch in the
fusee-wheel, also projecting upwards just equal to the thickness of the

auxiliary-ratchet, through which it likewise paaaea ; and the piu exactly
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fitting the hole in the ratchet. In this situation the wheel and ratchet

are ready to receive the fusee with its ratchet ; but it must be borne

in mind, that though the pin c fits exactly in the hole in the auxili.Txy-

ratchet, and thereby prevents it from turning roimd, it does not pre-

vent its having as much motion as the spring itself has in the notch in

the fusee-wheel ; the spring must also be conceived to have been forced

into its place with the pin pressing strongly against the end of the

notch 0. The fusee is now attached to the wheel by passing its arbor

through the hole in the centre of the wheel, and is secured in its place

by a pin and collet on the opposite side, which prevent their separa-

tion, at the same time allowing the fusee to turn with a moderate
degree of force. In this state the fusee, Ac, must be considered aa

placed within the frames of the clock or watch in connection with the

other part of the train of wheels, &c. A click, or, as it is sometimes
called, a detent, is also placed between the frames, and by means of a

slight spring is made to act in the teeth of the auiiliary-ratchet. The
action of the whole apparatus will be understood by comparing the

relative positions of the several parts. The space through which the

spring a b c acts in the notch o p wiib sufficient force to maintain the

motion of the watch, is about equal to two teeth of the fusee-wheel

;

and the time in which the fusee-wheel goes through a distance equal

to two teeth varies in different watches from 10 to 12 minutes, a time

more than sufficient for the operation of winding.

We must next describe the escapement, so important in horology.

This term is applied to a combination of parts in a clock or Watch,

which has for its object the conversion of the circular motion of the

wheels into a vibratory motion, as exhibited in the pendulum. In the

description we are about to give, the term will be made to include the

icape-wheel, the pallets with their arbor or axis, and a bent lever

attached thereto, called the crutch, which last piece maintains the

motion of the pendulum. In a watch this combination consists of the

Bcape-wheel, together with all those parts lying between it and the

balance, and which are concerned in converting the circular motion of

the wheels into the alternating one of the balance. In Graham's dead-

beat etcapemenl the distance between the centre of motion p of the

pallets and the centre of the scape-wheel is equal to one diameter of the

Bcape-wheel. In fy. 11, the tooth i has just given impulse to the pallet

p and escaped from it ; the tooth o has in consequence fallen upon that

port of the pallet q called its arc of rest, which, in both pallets, is

formed by a circle struck from the centre of motion p of the pallets.

The impulse given by i causes the pendulum, and with it the pallets,

to vibrate some distance after i has left F and o has fallen on Q ; but
the arc of rest being concentric with the centre of motion of the pallets,

the wheel ceases to rotate, or remains dfad, until the pendulum by its

returning vibration lifts the pallet Q so high as to allow the tooth o to

get upon the face or inclined plane of the pallet, upon which it then

acts. The tooth drives up the pallet, and with it the pendulum, until

Dead-Beat Escapement.

the tooth escapes from the pallet Q ; when another tooth h, on the
opposite side of the wheel, falls on the arc of rest of the pallet p, which
arc is in this pallet on the outside, and on which the tooth rests until

by the return of the pendulum the pallet P is lifted so high as to allow
A to get on the inclined plane or face of the pallet p, upon which it

acts. The tooth raises the pallet and with it the pendulum, till it

escapes and gains the position t, when the eame process is repeated :

the wheel alternately giving impulse to one pallet and resting on the
circular part of the other, which we have denominated the arc of rest

.

When the pendulum is in a state of rest, some one tooth is alway.s

resting on one of the circular arcs ; the pendulum being put in motion
brings a pallet into a position to receive an impulse from the wheel-

tooth, when the process already described commiences.

Most of the great improvements in pocket watches have been made
in the horizontal or JIat forms ; but the common vertical watch must
be first described.

The annexed cut (Jig. 12) represents such a watch as it would appear

rig. 12.

k k

Section of Vertical Watch.

if the dial (which is here omitted) were tttmed downwards, a is the
barrel ; B, the fusee ; 6, the chain by which motion is communicated
from the barrel to the fusee, on which is the great or fusee wheel
acting on the centre-wheel pinion D, on which is riveted the centre-
wheel : the arbor of the pinion D being prolonged through the plate

of the watch a« far as /. The centre-wheel and its piniou revolve in

an hojir. Upon that part of the arbor D which is on the outside of

the plate or frame is placed the cannon-]>inion, which has a hole quite
through it for the reception of the centre-wheel arbor, on which it

turns spring-tight. Tlic cannon-pinion is secured in its place by a
small pin through the end of the centre-wheel arbor /, the end of the
pinion being s<|uared to receive the minute-band A. The cannon-pinion
has 12 leaves acting in the minute-wheel, of 48 teeth, caitsing the latter

to revolve once in four hours. Concentric with the minute-wheel,
and attached to it, is a pinion, having a hole through their common
centre, through which passes a stud fixed on the plate. This pinion,
having 14 leaves, drives the hour-wheel m, of 12 t?eth, once round in

12 ^ours; this wheel is placed over the cannun-pinion by a socket,
which has a hole througb it for the cannon-pinion to pass through

;

on this socket is fixed the hour-hand k. It will be perceived that
by this arrangement the cannon-pinion, minute-wheel, pinion, and
hour-wheel, together with the hands, can all be turned backward or
forward without affecting the interior mechanism of the watcli, simply
by the application of a key to the squared end of the cannon-piniun.
The assemblage of wheels, Ac. , thus put in motion is called the nvition-

ir'/rlc of the watch ; that between the plates, the movemtnt, which we
shall next detcribe. ,Tbe centre-wheel gives motion to the third
ABT» AXD SCI. DIT. TOL. K.

wheel-pinion, to which is attached the third wheel o, acting upon
the contrate-wheel pinion. On this is placed the contrate-wheel

acting in the pinion of the balance-wheel L, which in also called tht

scape-wheel. We have already explained the mode by which the balance-

wheel teeth act upon the pallets, so aa to cause an alternating motion
in the balance M. One end of the balance-wheel arbor works in a piece

called the dovetail, which is inserted in a piece p, called the potence,

firmly attached by a screw to one of the plates of the watch ; the other

end works in a piece called the follower, which is inserted in another

piece riveted into the plate called the counter-pntence, (left out of the

jigure to prevent confusion). Another part of the potence, called the

foot, receives one end of the balance arbor or spindle, called the verge

(on which are the pallets) ; the other end works in a hole in the pin »,

which passes through the centre of the cock q q, which is secured to

the upper plate of the watch ; the pendulum-spring (also called the

regulating-spring and hairspring) has one end, immediately below the

balance, secured to a stud fixed in the plate, and the other pinned fast

to a small collet, which goes spring-tight unto the axis of the verge, and
is seen jtist under the balance. l'i'j». 13, 14, and 15, represent some of

the parts separately. J''i<j. 13 shows the main-apriug in a relaxed stito

as it would ap|)ear out of the baiel ; to which, when in. one end of it

is attached, the otiier being held by a hook in the arbor of the barrel,

which comes through the plate, as shown in fig. 12, and is kept from

turning by a ratchet and click. The spring is wound up by the

chaui acting on the barrel and pulling it round, which operation is

performed by turning a key placed on the squared end of the fusee-

arbor. The effort of the spring to unbend itself after being wound up
3.V
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I th« buTcl to T«To]Ta in a oontrary direction to that in whicli it

iBOTcd whiUt winding up, and thenbj gires motion to the (uMe, and
with it the fuaee wheel and the rest of the train. Pig. 14 represents

the barrel and fnaea, with the chain attached. Fig. 15 ibowa the

bahnoe-wheel, b«lanee, and verge, with the^hair.<pring attached to it.

n«. It.

Vig. U.

\'\f. IS.

Details of Vertical Watch.

We shall now notico the bettor kinds o{ watchoa, the peculiarities of

which mainly depend on the escapement.

The DupUx EicapcnaU is shown in j^. 16. a ia the scape-wheel.

Fig. ic.

Dnplex Escapement.

1, 2, 3, being the tevth of repose, and u, 6, c the teeth of impulse,

woieh are triangular, and stand {>erpeudicular U* the plane or surface

the wheel, c o, the impolae j«ll«t, fixed upon the arbor of the

balaaoe, and standing just above the surface of the wheel a a, receives

ilimotion from the teeth a, b, c, &c. After the tooth a has passed

the pallet a o, the tooth b comes in contact viih a small roller made
ol ruby, and placed on the lower part of the axis of the balance, whoe
it remains till the balance is brought bock by the balance-spring to

such a position, that the notch, shown by the dotted line in tne ruby
roller, will allow the tooth 1 to antor it, and thereby pass the balance-

arbor, or escape, which it does by the wheel A A being constantly urged

in the direction from 3 to 1. As soon as tooth 1 escapes from tlie

Dotoh, tooth 6 givea a fresh impulse to the pallet c o, and the act of

wrsiienMint is thus repeated ; the wheel moving forward one whole
tooth, and the balance making two vibrations for each impulse given

by the upright teeth.

Aoutbcr cflvctive variety, the lever eteapmmt, is shown in Jig. 17.

Tbs lever I is placed on the pallets in n position at right angles to that

IB which it is usually placed in a watch, by which means wo think the

priDiiple will be more apparent to the general rsodo'. a a is the soape-

wkaal Bwviag in ths direction of the arrow ; b d the pallets, whose eantn
of nation is e. To the pallets is pinned the levsr I. in which is the

guard-pin e, pointing upwards from the lever ( ; the roller / is fixed on
the axis of the bilance, and stands just above the lever I, having a piece

cutofffrT" I ferenoe to allow the guard-pin (to pass and repass

the roller, cs when ths eaoape takes place, o is a ruby pin fixed

in the rvllcr, auu x'jmting downwards through the notch in tno end of

the lever I. VThen the balance is quiescent, the pin o is in the notch in

the end of the l<:Ter {, an 1 the guard-pin e in the position shown in the
figure, where the tooth 1 acts on the pallet b, which causes the balanoe
to vibrate. The guard-pin < prooeeos a short distance to the right of

its present position, and the lever is prevented from returning by the

Fif. 17.

Lever Escapement.

guard-pin e coming in contact with the circular edge of the roller.

When an impulse is given by a tooth to the other pJlet d. the lever
I impels the ruby pin o to the left hand, where precisely the same
efiects take place witli regard to the guard-pin e, Ac., as have been
already descnbod. If the pallets b and d were of the form shown by
the dotted lines (which are supposed to be circular arcs concentric
to the centre of motion c of the pallets), it is evident it would be a
perfect dead beat, like the clock escapement previously described;
but in order, after the escape has token place, that the guard-pin
< may be retained at a snudl distance from the roller, that part of
each pallet on which the tooth rests when it falls on the pallet is

taken off, as shown in the figure ; and as the faces of the wheri-teeth
are considerably undercut, the wheel advances a small distooos, after

having fallen ou that part of either of the pallets which is within
the dotted line. This further advance of the wheel draws the pallet

down towards the centre of the wheel, and thereby keeps the guaixl-pin

e at a slight distance from the edge of the roller /. As soon as the
balance bos performed so much of the returning vibration as to bring
the ruby pin o intu the Botdi in the lever, the momentum of the
balance, acting thruiigh ths meditmi of the ruby pin o ui>on the lerer,

movesit a short distance, and thereby lifts the imllet outwards from
the centre of the wheel and nnlocks it. During this unlocking the
wheel retrogrades (before it can get upou the face of the pallet to give
a fresh impulse) just as much as it had previously advanced after

falling on the pallet. By this retrograde motion the tooth gains the
inclined plane or face of the pallet, and gives a new impulse ; and tho
same process is repeated by another tooth on the opposite pallet, p p
are two pins, colled banking-pins, against which the lever I presses
when lodteil, and which |)revent the guard-pin e from being drawn
too for aw.'\y from the edge of the roller /, when the locking takes

place.

la Jig. l& ia shown » Jttriionlal aeapemtnU ABO NprsMnto the

Horiiaatal Esespenwnt ,

balance ou its axis, which is a hollow cylinder c, cut oway in its drram-
fcrsnce. The teeth of the escape-wheel form a series of incliasd

planes, which stand on stems perpendicular to the plone of the wheel

;

he inclined port forming the extreme edge or acting-face of the tooth.

These planes coming in contact alternately with the two edges of that
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part of the cylinder which has the least portion of its circumference

taken away, when a tooth is in the cylinder, the point ruba against

the internal surface until the balance by its vibration gets into such a

situation that the inclined plane can act upon its edge. It then

impels the cylinder in the direction from D to a ; until the highest

part of the plane escapes from the inside of the cylinder, and the next

tooth falls upon the outside. This tooth continues to rub untU the

balance completes its vibration and has returned so far as to permit

the point of the tooth, which has been rubbing on the outside of the

cylinder, to get upon its edge, where it gives impulse to the cylinder

;

and when its heel escipes, the point falls on the inside of the cylinder,

and the former process is repeated. 1, 2, 3, &c., are teeth of the

horizontal or scape-wheel, one of which is seen inside the cylinder;

the dotted lines represent the face or incUned plane of the tooth,

which is just coming in contact with the edge of the cylinder.

The direction of the motion of the wheel is from 1 to 3 ; the

proportion of the cylinder to the wheel is such, that a tooth of the

wheel, when in the cylinder, may just have sensible shake; .ind

the outside diameter must be sensibly less than the distince between

two teeth.

The detached eaeapement, such as is used in a mo<lem chronometer,

is shown in Jig. 19. a a a is the scape-wheel, made either of brass or

Fig. 19.

Detached Escapement.

steel, the teeth 1, 2, 3, 4, &c., of which are considerably underctit on
the face. The steel-roller or main-pallet B B B, which is fixed on the

arbor of the balance, has an opening in it, the face of which is also

much undercut as shown near B, and has set in it a piece of hard stone,

such as a ruby, for the points of the teeth to act upon, g is a stud
firmly fixed to one of the plates to which the detent-spring E E is

secured by a screw c. This spring is made extremely slender and weak
in the part r. near the stud ; and it is only by the yielding of this thin

part of the detent-spring that any motion can be given to the detent

for the purpose of unlocking the wheel ; so that some part of this

spring may be considered as the centre of motion of the detent. D
is a stud also fixed to the plate of the watch, into which is inserte<l a
screw d, against the head of wliich the detent rests, o is a ruby pin
inserted in the detent, pointing downwards from the detent ; su that
one of the teeth of the wheel which is supposed to |>as8 under
the detent may rest on the pin ; and in this state the wheel is said

to be locked. To the inner side of the detent is attiched a very
delicate spring, allied the lifting-spring, which rests upon and extends
a little beyond the end of the detent. Concentric with the main
pallet, and just above it, is a small lifting-pallet g, wliich should
be fiat on its face or lifting-side, and rounded off on the other
side. In the position given in tho figure, the lifting-pallet q is just
coming with its face in contact with the lifting-spring p; which
in Oie course of vibration it lifts, and with it the detent (on whose
point the lifting-spring presses), so as to raise the pin o clear of the
wheel-tooth !>. By the time the wheel is free from the ruby-pin,
the main-pallet has advanced so far as to be ready to receive an impulse
from the tooth 1 ; and before the tooth escapes the liftiug-fiallet q,
parts with the spring p, and tho detent resumes its place on the head
of the screw d. In this position the ruby-pin receives the point of
tooth 6, as soon as tooth 1 has escaped from the ruby-f.ice of the main-
pallet B B B. The balance, having performed this vibration by the
impulse given to the main-pallet, returns by the force of the balance-

spring, and with it the lifting-pallet q. The rounded side of the latter

pressing against the lifting-spring p, raises it from the detent, and

passes without disturbing the detent, which is not again lifted till tho

balance has completed the present vibration, and returning for the

next. lu 80 doing it again brings the face of the lifting-pallet in

contact with the ifiting-spring, which (with the detent) it raises, and

the act of escaping again takes place ; the balance making two vibra-

tions for every impulse, as in the duplex. This escapement, which

was invented by Earnshaw, is one of the best for simplicity and for

performance.

The name repealiiig-walch, or repeater, is applied to a watch which,

in addition to showing the time on a dial, is supplied with mechan-

ism by putting which in action the wearer is enabled to ascertain the

time within certain limits. We have shown, iu describing an eight-

day clock, how the number of blows given by the hammer to the

beU is made to correspond \vith the hour denoted by the hands of the

dial ; and also that, by pulling a string, the clock will at any time re-

peat the hour last struck. But .this will not be the case where the

minute hand has .ipproached within about ten minutes of twelve o'clock,

for from that time till the hand comes to twelve the clock is on the

warning, and is in such a position that it cannot strike at all. This

defect is remedied in repeaters. Most repeaters are watches which are

capable of striking on a bell or spring the hours and quarters ; but

there are others which also strike the minutes, and these by way of

distinction are called min ute repeaters. In a repeater, besides the going-

train and the motion-work, there is an additional train of wheels

between the frame-plates, called the ni««ei-» or little wheel-work, or

sometimes the repeatinrj-train. This train series the purpose of regu-

lating the rapidity with which the successive blows shall be given to

the bell, and consists generally of five wheels and five pinions. The
last pinion in the train, performing the ofilce of a fly-wheel, is generally

called the fly-pinion ; and, when the striking is regulated to its ordinary

rate, makes about two hundred revolutions to every blow of the

hammer. The chief use of these intricate pieces of mechanism is to

furnish the means of knowing the hour of the night in the dark.

All the more delicate pivots of chronometers, and of the better

kind of watches, work in >ewelled boles, which will be found described

under Jewelling.
Pendulum Clocks.—We now arrive at the consideration of those

horological machines which receive their regulating adjustment by
means of the pendulum.
The sensible equahty of the oscillations of a weight suspended by a

string or wire was first applied as a regulator to a clock by Huyghens
about 1657. The successive improvements in the escapement, which
vistains the motion of the pendulum and records its vibrations, and
those in the pendulum itself, which secure a perfect equality in the

duration of each oscillation, have finally produced the astronomical

clock, the most accurate machine which man has hitherto constructed,

and one of the most essential instruments in a modem observatory.

We shall suppose that the dead-beat, or Graham's escapement, is that
adopted. The pallets fq, fiy. 11, have motion on an arbor which
panes tbiough />, and has its pivots resting in boles in the clock-frame.

A slender bar or wire, called the crutch, is attached to this arbor, and
a notched piece projecting outwards and backwards from the crutch
clasps the rod of the pendulum. The pendulum is hung from a cock
at the back of the frame, and moves with the crutch. In a well-made
clock, the error arising from expansion from temperature is the most con-

siderable, and is that which must be guarded against. Before explain-

ing more accurate and costly contrivances, it will be well to point out
one recommended by Mr. Francis Baily. (' Mem. Astron. Soc.,' vol. i.,

p. 881.) Take a cylinder of lead about 14 inches long, and pierced

through its axis, as a bead, with a hole large enough to admit freely

the rod of a wooden pendulum. This hollow cylinder rests on a nut,

which works on a screw in the continuation of the rod below. The
rod itself, from the centre of motion to the nut, will be about 460
inches. As it is easier to cut the cylinder shorter than to lengthen it,

and as the expansion of the spring is not allowed for, and th-it of the
wood is somewhat uncertain, it will be better to make the leaden
cylinder an inch longer for a first trial ; but even if the pendulum
should turn out to be under compensated, an additional ring of lead

may be added, above or below, of the thickness require<l.

To the best clocks it is usual to apply either the gridiron pendulum
of Harrison (which was once chiefly used in England, and is still in

repute abroad), or the mercurial pendulum of Graham. The annexed
figure {fig. 20) is not exactly the pendulum as arranged by Harrison,

but accords with his principle. The steel rods 1 and 5 are pinned into

two brass cros.s-piece8, ao, n6. The zinc rods 2 and 4 are pinned below
into si, and carry a cross-piece above, into which the steel rod 3 is

pinned. Rod 3 passes freely through a round hole in b6 (this is shown
by dotted lines), and is tapped into a screw below ; the bob rests upon
the nut, which works on the screw. The steel rods 1 and 5 expand
downwards, the zinc rods 2 and 4 expand upwards, and the steel rod 3

downwards ; and it is possible so to adjust their lengths (the expansion

of zinc Iwing more than double that of steel) that the effects of tho

expansion downwards and upwards shall have no eileet on the length

of the pendulum or time of oscillation. Harrison used brass instead

of zinc for the upward expansion ; and in order to produce a perfect

compensation, was forced to use four more rods, a second pair of brass
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to expand upwanii, and another pair of tteel to anMnd downwardii

:

nine in all. Tbe fureign artUta UM tino, whioh rcqufret only five Uan,

tig. to.

error in the coropenntion tor temperature ia determined, thia can

readilj be rectified by altering the quantity of mercury in the jar. Aa

rif.n.

Gridiron Penduluin.

lesa workmanship, and only one nice fitting. One or two fiat brass

horizontal bauds are attached to 1 and 5 to keep the zinc rods in

their places.

In Graham's pendulum, a glass jar, partly filled with mercury, is

supported iu a sort of steel stirrup. Tlie pendulum rod passes through

the top of the stirrup, and is held by a nut and adjusting screw at D,

fy. 21. The height of the merciuy in the jar is about 67 inches ; but

this will vary somewhat with the diameter of the jar, the subetance of

the rod and frame, and perhaps the variable expansion of the steel

rod. The compensation can b« altered, and finally perfected, by the

astronomer.
Mr. Dent has recently made many improvements in the mercurial

pendulum. One consists in the use of a cast iron instead of glass

cistern for the mercury ; another in the attachment of the cistern

directly to the penduiumrod ; a third, in the prolongation of the

rod nearly to the bottom of the cistern; and a fourth, in giving

impulse to the pendulum at or nearly at the centre of percussion.

11 an escapement could bo contrived which gave its impulse to the

pendulom at the middle point uf its vibration, and was wholly detached

itom it at all other times, such an escapement would be perfect ; and
Mcapements are almost to be considered good or bad as they approach

this character. Uuyghens proposed a meat ingenious contrivance,

namely, that the upper part of the pendulum, which he made of

two parallel strings, should wrap and unwrap on two cheeks, which
being shaped as cycloids, caused the bob itself to describe a

cycloid. Now it is a property of this cur%'e that all arcs are de-

scribed in the same time, so that Uuyghens's construction was
perfect in principle ; it had, however, many difficulties in practice.

Instead of luspending the pendulum by a perfectly flexible string,

or on a knife-edge, when the motion must be in a circle, the top of the

rod may be made to end in a flat spring, which has certain advantages.

Itr. Frodaham has found that a spring of a particular strength

lendered the oscillations of a pendulum of a certain weight isochro-

nous, and that a considerable alteration in the length of the spring did

not aficct this quality of isuchronism. This may ]>erbapa be explained

by supposing the lower part of the spring not . to have acted when
it was longest, but to have always preserved ite rectilinear form.

There is an investigation of the effect of atmospheric pressure on the

rate of a transit clock at the Armagh observatory, in the ' Mem. Ast.

Soc.,' vol. v., p. 125. The author, Dr. Robinson, assumes that the

Tariutioos of a clock from a constant rate are exptessed by the sum of

two terms, one depending on the temperature, the other on the pressure

of the atmosphere shown by the barometer. The isochronisni of the

spring is supposed, or that the effect of any change in the arc depending

ou tlw above two cau«ea ia already expreiaed in the temu, When the

Uercorial Pendulum.

the efiect of time is generally to produce a falling off in the arc, a small

addition to the clock weight might be made from time to time, so i£

to bring back the pendulum to its primitive arc, until the clock is

cleaned, and its action restored that way. Where the clock is much
exposed to variations of temperature, it should be enclosed in a second

covering or closet

To bring a clock to time, first make it nearly right by the adjusting

screw D, but let it have a losing rate, which must be determined by
observation after the interval of one or more days. Suppose it is

losing 3' a day. Put a weight, which has been carefully ascertained,

say 200 grains, upon the plate which covers the jar (E e iu the mer-
curial pendulum, in the gridiron pendulum anywhere near B 4), and
find the fresh rate of the clock by observation. Let it now gain 10"

a day. Then, as 200 grains cause a gain of 18* a day, 16'4 grains will

alter it 1* per day, and, replacing the 200 grains with a weight of 46-2

grains, will bring the clock to time. The final adjustment of the

compensation can be best accomplished when the clock has gone several

months, and w]ien the gain or loss in two of the warmest months in

the year is com|>ared with the gain or loss in two of the coldest.

For the mathematical and physical principles which govern the

action of the pendulum, we refer to Pendulum.
An atlronomical clock, such as those used in observatories, is the

beat example of a pendulum clock, comprising all the most refined

means of adjusting tbe isochronous movements of the pendulum to the

meoaurement of small intervals of time. Turret or ehtircli clocks,

however, are commercially of more importance, and of these we must
now say something.

Turret-clocks differ from other machines employed for measuring

time, not only in their greatly superior size, but also in the arrange-

ment of their parts, and in the circumstance that they ore usually

make to strike the hours, and often the quarters also, upon large bells.

They are also occasionally connected with machinery for chiming

whole times at certain intervals upon a set of bells which, when
mounted in a church tower, are so bung that, by disconnecting the

hammers of the chimes and striking apparatus, they may al-so be rung

in the ordinary manner by means of ropej. One of tbe peculiarities of

a turret-clock consists in the circumstance that it is frequently required

to indicate the time upon as many aa four different dials, on the four
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external faces of the tower in which it is moimted. This apparently

difficult matter is accomplished in a simple and beautiful manner : by
placing the clock in or near the centre of an apartment either on a

level with the external faces, or above or below them, and causing the

motion of the minute-hand axis to be transmitted by bevil-gear to a

vertical rod, the opposite end of which carries a horizontal bevil-wheel

nearly on a level with, and situated centrically with reference to, the

four external dials. The motion of this central wheel is communicated
by four vertical bevil-wheels of the same size and number of teeth,

ranged round its circumference, to four horizontal rods, the opposite

ends of wliich, passing through the several dials, carry the four minute-

hands. At the back of each dial is a series of wheeli and pinions, con-

."tituting the motion-work ; while the movement of the hands and that

of the striking apparatus are provided for by separate trains of wheel-

work, each of which is impelled by its own moving power. In a tiuret-

clock, the moving power is supplied by the descent of a weight,

regulated in the case of the movement, or going-train, by the

oscillations of a large pendulum, and in that of the striking-train by
the resistance of the air to the rapid revolutions of a fly or fan set in

motion by the wheel-work. The weights are woimd up (in most cases,

weekly) by means of winch-handles and toothed wheels connected with
the massive drums round which their ropes are coiled ; and, for conve-

nience, they do not descend immediately from the drums or barrels,

but in the angles of the tower, or any convenient situation, the course

of their ropes being directed by guide-pulleys. Fuj. 22 may servo as

rig. 22.

Strikinff mechanism of Tarret^locks,

an example of the striking mechanism of turret-clocks in general,
although the details of course vary according to the relative situation

of the clock and the bell, which in some cases is the reverse of that
here represented. In this cut, a represents the pin-wheel, by the
action of the projecting pins of which uix)n the end of the lever 4,

communicated through the levers c and e, the tail of the hammer is

depreased, and the hammer-head is consequently raised ready for a
stroke. By the continued revolution of a, the end of the lever h, after

being raised to a considerable height, is suddenly released, by which
the hammer falls upon the rim of the bell, and the connecting appa-
ratus resumes its original position ready for the next stroke.

Musical chimes, which form a pleasing though not very common
addition to the mechanism of turret-clocks, requiie the addition of
another train of mechanism, somewhat Uke that which constitutes
the striking-train ; inasmuch as it is perfectly at rest for considerable
periods of time, and is brought into action only at certain pre-
determined intervals by the action of the going-train of the clock
upon a detent. The mechanism of the chimes very nearly resembles,
on a largo scale, that of a musical snuff-box ; levers connected with
hammers which strike upon a series of bells, being substituted for the
springs which in the musical snuff-box are caused to vibrate by the
projecting pins on the revolving barref
Owing to the very limited demand for tiuret-clocks, and their great

durability when well made and carefully preserved, the business of
making them is confined to very few establishments, and has hiu-dly
bean systematiscd into a manufacture. Every clock being, in ordinary
cases, made individually, and with comparatively little aid from
machinery, turret-clocks have been very expensive, and in many cases
inferior in accuracy of workmanship to many far simpler, cheaper, and
more common machines. The late Mr. Dent, when engaged about the
year 1843 by the Gresbam Committee to make a turret-clock, of unpre-
cedented perfection, for the new Royal Exchange, under the superin-
tendence of Mr. Airy, the astronomer-royal, determined to meet this
deficiency by establishing a clock-factory suppUed with all the aids and

appliances of modem ingenuity, in which the several parts of a turret-

clock should be produced as far as possible in the same way as the
component parts of a power-loom or other machine manufactured upon
an extensive scale. In the Exchange clock, he adopted the use of a

simple but strong cast-iron framing, in which every sti'ain is so com-
pletely self-contained, that the operation of fixing the clock in its

destined position is one requiring but Uttle skill, scarcely any adjust-

ment being required beyond the fixing of the frame on a firm and
level base. Another, and a more unusual feature, which Mr. Dent
(borrowing from the French) has iutrotluced into the tuiTet-clock

manufacture, although it is not adopted in the Exchange clock, is the
use of cast-iron wheels for the striking-train. After many experiments,

Mr. Dent came to the conclusion to use for the wheel-teeth (the

driver) the epicycloidal curve, and for the pinion (the driven) the
hypocycloidal curve, putting nearly the whole of the curve on the
wheel-teeth. He also applied this theory to the lifting of the
hammers, both for the striking appai-atus and the chimes, by using

projections of an epicycloidal shape instead of the ordinary round pins

in the pin-wheel. Clock-wheel cutters had heretofore paid very little

attention to the geometry of the wheel-teeth. Among the other

important featiu'es of the Royal Exchange clock, which are applicable

to all others of similar character, whether constructed with its pecuUar
contrivances for insuring perfect accuracy or not. We may mention
the use of hollow iron drums instead of wooden cyUndei-s for the

driving-barrels, and the use of wire instead of hempen ropes for

suspending the weights. Another important arrangement is the
driving of the hands of the clock, and the raising of the hammers
of the striking apparatus, directly from the axis of the driving-barrel,

without the intervention of any wheels and pinions. In their deter-

mination to secure a public clock of unexampled accuracy, the Gresham
Committee required that the Exchange clock should have a compeu-
.sation-pcndulum, and that it should be so constructed as not only to

show perfectly correct time upon the dials, but also to tell it with
accuracy by making the first stroke of the hour upon the bell true to a
second. This difficult work is provided for by an arrangement for

moving the lever and hammer to nearly the utmost degree required

before the time of striking ; and causing the end of the lever, which is

formed in a pecidiar manner for the purpose, to remain poised deli-

cately upon the rounded point of the projecting tooth of the pin-wheel

until the moment of striking, when it is iustantaueously released.

The jiendulum is of a compai'atively simple construction, which appears
well adapted for large clocks. The centre rod is of steel, and is suffi-

ciently long to pass completely through the bob or weight, which,
however, is not immediately attached to it. Upon the bottom of this

rod is fixed a nut, by turning which the length of the pendulum may
be nicely adjusted, and upon this stands a hollow or tubulai' column
of zinc, through which the steel rod passes freely. On the top of the

zinc column is a metal cap, from projecting portions of which descend
two slender steel rods ; to the lower ends of these rods the weight,
which is a hollow cylinder of iron, capable of sliding freely upon the
zinc column, is suspended. Thus, while both the central steel rod and
the two smaller steel rods by which the weight is suspended, expand
doimwanU upon any increase of heat, the position of the weight in

reference to the point of suspension of the pendulum remains nearly
the same ; because the zinc column, though shorter than the central

steel rod, expands, owing to the different nature of the metal, to an
equal extent upicards, and consequently raises the weight just as

much as it is depressed by the lengthening of the steel rod. The
deUcate setting or adjustment of the pendulum was effected by a con-
trivance suggested by Mr. Airy. The escapement is of the remontoire

kind. The impulses imparted to the pendulum are not given
immediately from the large going-train of the clock ; seeing that
this impulse is exposed to variations of force and resistance. They
are given by a small secondary train, set in motion by the descent
of a ball or weight, which is itself raised at intervals of twenty seconds
by the mechanism of the going-train. The action is therefore very
similar to that of a remontoire-gpriiig ; which, as used in some horo-

logical machines, is a small spring employed only to set the eacape-

mciit in motion, it being itself wound up at very short intervals by the
going-train, which receives its impulse from the prime mover. The
escapement is Graham's dead-beat escapement, and has the pallet

jewelled with large sapphires. In this clock has been introduced a
beautiful maintaining-power, or contrivance for maintaining the motion
of the wheels during the time of winding up ; it was invented a few
yeai-s earlier by Mr. Airy for the clock-work of the great Northumber-
land telescope at the university of Cambridge. In Jig. 23, a represents

the first wheel of the clock, which is mounted, as usual, upon
the axis of the rope-barrel b ; with a ratehet and click so arranged
that the two must turn together whenever the rope-barrel is turned,

by the action of the weight w, through the line /, in the direction

indicated by the arrow. When the rope-barrel is turned in the

opijosite direction, to wind up the weight, by the action of a windlass

on the axis of the wheel d, which engages the toothed wheel e on
the axis of the barrel, the wheel a will not turn back with the

barrel ; / is the pinion which is turned immediately by connection

with the first wheel a; and both this and the winding-wheel, or pinion,

d, have their axes mounted in the plates of the clock-frame. The axis

of'the barrel and first wheel a, instead of being thus mounted, is



m HOROLOQT. HOROLOGY. rsi

to what may be tanned • lerer-fnme, one lide of which u
in the cut »t y, k, i ; the lever inmo it«eU ia piToted to the clock-

Airy*! malntalnlnr.power Fu«e.

plates at A. To the end t the end of the lino t, I, is attached, after

pming under a running pulley attached to the weight w. c is on
mtemal ratchet on the first wheel a, acted upon by the long click m,
which has its opposite end attached to the lever-frame near its extro-

mity i. While the clock is going in the ordinary way, the descent of w
causes that part of the line marked / to turn the barrel in the direction

of the arrow, carrying with it the first wheel a, the internal ratchet of

which slips under, without being affected by, the click m. Under
tlieae cirenmstancea the action of the weight w (through the line f ),

and the resistanoe of the pinion /, produce a certain pressure on the
lever-frame at </ ; this causes the end i to assume a determinate
position, in which it remains without motion so long as the weight
continues tu descend, and consequently to draw down the line /.

But so soon sa, by the operation of winding up the clock, the pressure

upon I ixissss to operate, the stress of the weight upon the portion of

the line marked k oauses the end i of the lever-frame to be depressed,

and the dick m, which is eonnected with it, to be thrust against the

internal ratchet <- with sufficient force to maintain the action of the

first-wheel a, which turns as it were in one piece with the lever-frame

round the axis A ; thereby producing a pressure upon the pinion /
•xaotiy oorresponding, if the axis A corresponds with the point at which
the strain of the line / is applied to the rope-barrel, to the pressure

which is exerted during the ordinary action of the machine.

There is one turret clock which has acquired uiuch notoriety, on
account of its site and cost, and of the extraordinary amount of

controversy to which it has given rise during the long period of sixteen

years ; namely, the clock for the new Houses of Parliament at West-
minster. In 18-14 Sir Charles Barry applied to Mr. VuUiamy for

plana and estimates for a clock that would strike the hours on a bell

of eight to ten tons, chime the quarterx upon eight smaller bells, and
show the time on four dials of 30 feet diameter each. How it arose

that the clock was made by Mr. Dent instead of Mr. VuUiamy : that a

Don professional man, Mr. E. B. Denison, became intimately mixed up
with the subject : that the plans underwent numerous modifications

:

and that it was not till 1869 that the clock was actually fixed in its

pbua—it would be wearisome to teU. It cannot be said that even now
(March, 1860) the clock is really finished, owing to the unfortun.tte

uilure of the great bell (for which see Bell). The chief features

of the mechanism are as follow. The going part is arranged for

winding-up one* a week ; but the striking apparatus goes for

WTSO and a half days, to allow for slight delays ; and even a delay
of one whole day, though it would stop the striking, would not
top the going, the latter being arranged for eight and a half days.

The ponderous weights hang down a shaft 160 feet deep. Schemes
hMre been proposed for employing both steam power and water
power to wind up the clock ; but at pressot manual |iower only ii

employed, and a most laborious duty it is. The pendulum is 15

feet long, and weighs 680 pounds ; it is formed of an exterior iron

tube 4 inches in diameter, with a compensating inner tulic of zinc.

It is a two-seconds' pendulum, with a swing or vibrating are of 14

inches; a small weight of only one ounce, plaoed on a particuUr
part of the apparatus, will alter the rate of the clock one second
per day. The hammers of all the bells [Ilin.i.] are (or rather,

an intended to be) worked by their levers or handles catching
a^^nat cams on Um edges of wheeU ; the great or hour-bell being
worked by eightMB ouna co a wheel 87 inches in diameter. On

the four sides of the doi^-tower are dial rooms, each an apartment
of Urge aiie, traversed by mechanism which communicates motion
from the clock to the hands. There is at Mechlin a larger clock

dial tbiui tlioee at Westminster ; but there is no second example of

a clock with four dials 224 f*"^ in dismeter, and provided with
minute hands as well as hour hands. The frame-work of each dial,

weighing no lees than 4 tons, and including the quarter-hour and
minute subdivisions, is of cast-iron. The hour figures are 2 feet high

and feet apart; and the minulo markx are 14 inches apart. There
is a nmontnirv apparatus, to give a rUiUt motion of the long hand
every half minute, when the point of the hand makes • sudden leap of

7 inches. The bauds weiijh more than 2 hundredweight the pair;

the minute hand being 10 feet long and the hour hand 9 feet. In
order that (when all is completed) the indications of the clock may
be visible at night, the framework of each dial is fitted in with

opal or enamelled glass ;
provision is made for sixty gas jets behind

the dial ; and tlie clock itself will turn on and off the gas, aooording

to the length of night at diSerent seasons of the year.

Eltctncai and lUaminated Ctoclct.—So numerous have been the

novelties in the clock and watch manufacture within the last few years,

that the bare enumeration of the names of inventors would occupy a

considerable space. We need only, however, notice electrical and
illuminated clocks.

The hopes once entertained concerning eUctrieal clocks have scarcely

been realised. These ingenious msohines are not yet largely employed
in our great centres of busine** There are two kinds, which
may be distinguished as electrical HiaU and electrical rioelct proper.

An .electrical dial is a clock-dial, without ouy body belonging to it.

There ia a standard clock at some other place, such as the Obser-
vatory at Greenwich ; there is an electric wire connecting the

stimdord clock with the index hands of the dial ; and there is

npiaratus for sending a galvanic current through the wire .it certain

equidistant intervals of time. The result of this arrangemeut is, that

the dial-hands make a leap over a small portion of their circular

course, whenever a current posses through the wire ; and the figures

marked on the dial give a time-value to this movement. The interval

of the shocks may be a minute, half-minute, or any other amount
chosen. It is quite possible to make the hands mark seconds' move-
ments, to corre8[K>nd with the pendulum-beats of a standard-clock

;

but in practice it is found better that the long hand should only moke
half-minute jum])8. An electric dock, in the proper sense of the term,

is one that carries its source of power with it, independent of any con-

ducting wire from another building. Various modes of efiecting

this have been devised by Shepherd, Dent, Airy, and others. In

the first attempts, electricity was employed to impel the pendulum
itself ; but it was afterw-irds found better to apply the power in raising

a small weight, which m.iy then work the pendulum after the manner
of a gravity escapement. In Shepherd's Magnetic Striking Clock, the

vibrations of the pendulum oi% caused by the re|>eatcd impulses of a

fine spring : the attraction of an electro-magnet being employed solely

to relieve the pendulum from the action of the spring during the

return or reflex vibration. The hands are moved by separate electro-

magnets, the circuit of the wires being completed and broken by the

pendulum as it HwiugB. Tlie number to be struck is regulated by a

locking-plate divided in the \isual way, the hammer being moved by
the direct action of on electro-magnet. Electrical clocks or electrical

dials are used in astronomical observatories, and by telegraph compa-
nies, but very little in other quarters.

Intimately allied with this subject is the action of Electric Timt-halU.

These are contrivances for showing exact time once a day only, and in

a manner to be visible throughout a whole district. The interval may
bo more or less tlian one whole day; but this is selected as being most
convenient. A large ball is seen to fall at one o'clock in the day ; and
this foil may safely be taken, by mariners and others, as a guide for

correcting chronometers, watches, and clocks. The time-ball at Green-

wich Observatory, snd that of the Electric Telegraph station in tlic

Strand, may be taken as familiar examples. The Greenwich ball is a

basket of wicker-work, covered on the exterior ; when it descends, a

piston plunges into a tube, compresses the air, and thus, makes a kind

of soft cushion which enables uie ball to drop without concussion—

n

small hole in the bottom being left for the air to escape gradually. At
a few minutee before one o'clock, the ball is wound up by hand to the

top of the staff. At one o'clock, to a single second, the standard clock

in the obeerratory, by means of delicate mechanism, sends a current of

•lecMcity which loosens a .trigger and lets the ball sink. The time-

ball in the Strand, of later' construction than that at Greenwich, ex-

hibits many improvements in detaiL Several others have since been

eatablislied at the outports.

The rendering of clocks visible at night is one of the many im-

provements introduced in reoent years. The illuuunation is etl'ectud

in many u-ays. At the Horse Guards m Whitoliall, light is tlu-own

on the face of a dial from a gas-flame hidden bcliind a parapet. The
more usual method ia to miUie the dial either wholly or cliiofly of

semi-opaque ghus, and to manage the lighting in tliu way just noticed

concerning the (prospective) arrangements for the Westminster clock.

Such dials, however, are not so conspicuous and convenient during

the day ai those of ordinary construction ; and it is difficult to

m.lnt^n the luuids iu a wall-adjusted condition. A suggestion w
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made a few years ago for the use of semi-opaque hands and figures

on a transparent did; with gas lights in a black -cloth lined chamber

behind the dial, and reflectors to throw the light on all the sur-

rounding objects except the black cloth. General Perronet Thompson
has suggested a night clock, with twelve holes cut in a disc for the

twelve hours, and a radial slit near the centre to represent a hand

;

the disc is to revolve, and gas-lights to be placed behind it. In a fine

new turret- clock set up iu the Exchange at Leicester, in 1859, the

lighting at night is effecte<l by placing two large lenses before the gas-

burners, connected by a pierced tube of jets ; so as to light one burner

from the other, if either should go out during the day-time, when the

gas is turned very low. The illumination is evenly diffused over the

dial without glare, and without the position of the burners being

distinguishable.

Clock and Watc/i Trade.—We will conclude with a few observations

on the manufacture of clocks and watches, regarded iu its commercial
and industrial features.

So far as concerns our own countiy, the manufacture is chiefly con-

ducted in and neai' London, Coventry, and Prescot. In London, the

district of Clerkenwell is the head-quarters of the tratle. The moremenla

of watches are made almost wholly at Prescot and other places iu Lan-

ca^ihire ; the London workmen only make the other parts, and put the

whole together. A Clerkenwell watch-manufacturer in one who buys
movements from Lancashire, employs smaller tradesmen to fabricate

the other parts, and brings the watches into a finished state. These
tradesmen are not mere workmen ; they are small master tradesmen.

One supplies the motion-work, another the spring, another the escape-

ment, and others the case, dial, glass, &c. Theue secondary masters

subdivide the work to a degree almost incredible. Every kind of escape-

ment lias many different workmen specially employed upon it ; and s<i

has every kind of motion work, hands, dials, &c. ; insomuch that an
ordinary London watch passes through considerably more than a hun-
dred hands, even after the movement has been brought from Lancashire,

Nearly all the workmen thus employed labour at their own houses :

the work being quite of a handicraft character, in which very Uttle

machinery is employed. The men acquire considerable skill, each in

his particular craft ; but it is a system unfavourable for enterprising

inventions and cheapening processes, seeing that each man's tact and
experience are confined to one very limited range of work. As a

movement in the right direction, a Horological Institute was founded
in Clerkenwell in 1858—" to develope and improve everything relating

to the art, by means of a library of books, a reading-room, a museum
of tools diad machines or models, the reading of lectures and essays,

and the publicatioti of a Journal." The principal makers of church and
turret clocks live in London, and manufacture nearly the whole of the
machinery on their premises. Prescot exports watch movements to

America, as well as supplying the home trade ; more machinery is

employed in this trade, and to this fact perhaps may in part be
attributed the settlement of it in a county celebrated for its delicate

machinery.
Switzerland is celebrated for its watch-making. The women and

children in Keufch&tel, and some other cantons, learn certain parts of

the trade, and find employment in this way, either all through the
year, or m the winter, when little out-door work Ciin be done. There
is a minute delicacy in Swiss watches wliich those of England seldom
exhibit ; and the selling price is such as no English maker can com-
pete with. On the other hand, the be$l English watches are not
eciualled for strength and accuracy by any others in the world. A
London manufacturer, Mr. Bennett, has within the last few years
endeavoured, by means of letters, pamphlets, and lectures, to foster

the introduction pf the Swiss system into England, as a means of

increasing the range of employment for women, lowering the prices of

watches, and increasing the sale. In the meanwhile, machinery is

gradually being brought into the trade in Switzerland and the adjacent
port of France, Brukker's small brass clocks, saleable in London retail

at only five shillings each, would be a commercial impossibiUty without
the aid of machinery. At Besanfon, machine-made watches are now
produced in large numbere ; the product in 1848 was about 28,000

;

and in 1856 it reached 1(10,000, worth about 320,000/.

America has organised a very large system of clock m.inufacture—
quite on the factory system—chiefly in Connecticut. There is one
company which employs 250 hiuids in a cominct factory ; many of the
operatives are boys and girls ; and the product is 600 clocks per day.
Much wood-work is employed in the- cheaper American clocks ; but
machin»4tamped brass clocks are also manufactured very largely. Dr.
McOowan, United States consul at Xingpo, wrote home to his country-
men in 1853, giving some curious details concerning the clock-tnule
in China : and offering hints whereby America might successfully oj>eu

a market in that quarter.

HORSE POWER. A term used iu mechanical engineering to ex-
press the unity of comparison of the power of steam, or water power,
machines, whioh is based upon the assumption that a horse is able on
the average to perform a certain definite quantity of work within a
given time. Constructors of engines differ in their estimates of the
value of an average horse power, some reckoning it to be equal to
27,500; some to 2»,000 ; and others to 33,000 lbs. raised one foot high
per minute. The latter estimate was the one adopted by Watt ; and
It is also the one most generally fallowed both by English and foreign

constructors. On this basis a horse power is said to represent a load,

in pouuds, raked one foot in vertical height, of 550 lbs. per second

;

33,000 lbs. per minute ; or 1,980,000 lbs. per hour ; or the effort whioh

7 men working for a short time could exert.

The formula usually adopted in calculating the horse power of low

pressure steam engines is as follows :— Calling the effective pressiu'e of

the steam upon the piston (beyond the power required to overcome the

friction, and the incidental services the engine is called upon to perform,

such as the_ movement of the feed-pumps, the air-pumps, &c.)—calling

this effective pressure, supposed for iustivnce to be 7 lbs. per square

inch, A ; the diameter of the piston in inches, D ; and the velocity of the

piston in feet, per minute, v ; we have the formula .r= a? , or, in

In condensing and expansion engines thisround numbers :

D-v
6000'

formula cc,TSes to apply; for the point in the stroke at which the

steam is cut off materially affects the effective pressure ; and it is by

no me.in3 rare to find at the present day that steam-engines will exert

a force actually three times as great as the theoretical force indicated

by calcxUation. As the proportions of the v,iriou3 parts of engines and

boilers are calculated with reference to the horse power of the engines,

this uncertainty in the mode of ascertaining the imity of work is

unfortunate, and numerous remedies have been suggested ; such, for

instimce, as the calculation of the force by means of the weight of

steam produced. No confidence can, however, be placed in them, and

the old formula is still generally followed.

Two very rude empirical formula! are adopted by some practical

engineers for calculating the horse power of an engine, which may
sometimes be of convenient application, as furnishing au approximate

means of estimating the value, without, however, attaching any precise

importance to the indications so given. They are, calling the diametei-

in inches, a ; the number of strokes, b ; the length of the stroke in

English feet, »; then HP = a'x I's a^ X hs

47 6000

The horse power of a water-fall is really indicated by multiplying

the cubic quantity of water falling over the shuttle by the height of

the fall and by 62'5— the weight of a foot cube of water being 62 6 lbs.

In the best descriptions of water-wheels, however, a very large portion

of the real power is lost by the friction of the machinery, and by the

passage of a certain portion of the water without its striking the

wheel ; and in the more unfavourable varieties the loss is so great as

to materially modify the calculated results. Thus Mr. G. Rennie

calculates that the effective results as compared to the theoretical ones

are, for overshot wheels as 27 or 30 to 100 ; for breast wheels as 45

or 50 to 100 ; and for undershot wheels aa 60 or 80 to 100. Calling

then the quantity of w.ater falling, Q ; the height of fall, il ; and the

co-efficient of the real effective power, expressed decimally, ; we have

the formula for a water-wheel H P = c.

38,000

As the usual application of the power of a horse is for the purpose

of drawing a load on roads , it may be as well to state, that the useful

result of such application must evidently depend on the state of the

surface of thy roads themselves. This branch of applied science has

been studied by Geratner, Pamell, Gordon, &c. ; an<l the results of

their investigations are expressed in the following empirical formulso.

Calling the power exerted, estimated in poimds, p ; the weight of the

waggon, w ; the load, w ; the co-efficient for the surface under con-

sideration, c ; and the velocity in feet per second, v ; we have

On an inclined road, this formula becomes•)•

')' in which h is the vertical
, h W + WN

V + — X ——
I 1

rise, and I the horizontal length of the incline. The value of c is usually

given as= 2 on a p.aved ro.-vd ; = 5 on a well made broken stone road iu

a good state ; = 10 on a similar road when wet .and muddy ; = 13 on
a dry gravel or broken flint road ; and as = 32 on a wet .and muddy
gravel or broken flint road. Coulomb, and the e*rlier writers on
dynamics, considere<l that the ordinary power of a horse, at a dead
pull, was equivalent to 420 lljs. ; and that he was able to exercise the

above force most advanttigeously, when walking at the rate of 3 feet

per second. Smeaton gives the useful effect of a horse walking .at that

velocity as being eqviivalent to 1 89 lbs. ; this velocity is ,nearly at the

rate of 2 miles per hour ; but when the velocity becomes 3 miles per

hour, the useful eft'ect falls to 80 lbs. Telford gives 200 lbs. an the

actual work of a horse raising a weight over a pulley out of a well,

for eight hours in a d.ay, at tlie rate of 2^ miles per hour ; he also says

that in a cart, a horse will draw more than 2000 lbs. For more
extended statements on this subject, see the article Animal Strength.
A great deal of curious information may be Ukewise obtained upon
the subject of hcjrse power as usually exerted, in Gordon's ' Treatise

on Locomotion,' 1834. Borgni's ' Traitd complet de Mccanique,' 1818,

contains, however, the most complete digest of the experiments on
the power of men and of animals.

HORSE-RADISH.—.J/edicoi Properties of.—Uoiee-TadiKh is a crucife-

rous perennial herbaceous plant, growing in Alpine meadows, and along

the banks of rivers, as well as on the sea-coast iu the south and south-
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I parta of Europe, o*UedCoelile>rUAru>oneia(Laiin.)or Annonoia
oa (Wettereau). The root ii Uie officinal part, and U alwayi

oblaiiMd from eultirated pUnta, aa it ii enjoined to be uied io a freah <

tst«. The root ia aoUd, fleahy, tapering, from one to tiro feet long,

and whan bruiaed or aampeA into abroda, emita a highly acrid penetra-

ting odour, which eauaea a Mcretion of t«ara when received by the
eyea : put in contact with the akin, it apeadily oauaea rubefaoUon. The
taate ia more or leaa acrid, according to the aeaaon of the year or the age
of the plant ; young planta poaaeaa much mucilaginous starchy and
aaocbarine matter, by which the pungency ia leaaened.
," The analyaia by Qutiet ahowa ita oompoaitiim to be acrid and very
volatile oil, bitter reain, extractive, augar, gum, atarch, woody hbro,

Tegatable albumen, acetic acid, with acetnte and sulphate of lime. A
little sulphur abo exists in it The volatile oil ia the active principlo.

Thia ia of a pole yellow colour, heavier than water, and ao voEttile that

a single drop of it can fill a large room with a penetrating odour of

horae-imdiith. In this respect it resembles the volatile oil of mustard.
The taste is at first sweetish, afterwards biuning and acrid. It has a
aensible effect on the brain. When applied to the skin, it causes violent

inflammation and nibefaction. It ia identical with oil of mustard.
[SniAPls, in Nat. Hist. Div.^ It is sparingly soluble in water ; freely in

alcohol. The outward application of horse-radish causes vesication

;

the internal application causes sensible warmth of the stomach, with
augmented power of digestion. A warm infusion excites vomiting, in

the same way as mustard does. This kind of emetic is useful to rouse
the stomach from the insensibility consequent on narcotic (wisons
being token, but it must nut be forgotten that violent or even fatal

inflammation of tlie stomach may ensue if vomiting do not occur,

and the stomach-pump is a more certain means of emptying that
riscua.

Horse-radish is well known as a condiment taken with beef, fish, and
other kinds of food difficult of digestion. Its powers are heightened
by aasociating it with vinegar, as in the horse-radish Rauce.
The officinal preparations are the Infusum Armoraciic Comp. This,

when made with warm water as ordered in the Pharmacopoeia, soon
spoils, notwithstanding that some compound spirit of horse-radish is

added to it. It would be much more advantageous to m<-vke it with
cold water, especially as its power depends upon a principle of such
remarkable volatility. The compound spirit is employed as an adjunct
to diuretic and other medicines. Horse-radish scraped down into

shreds and digested in red wine forms a Vinum armonvciK?, which is

eminently useful in wanting oil' a relapse of intermittent fever, when
the employment of it is persevered in for some time. Digested for an
hour in vinegar, it is an excellent gai^le against hoarseness.

(Dierbach, Di« iftMtten Entdtdnmgm in drr Materia ifalka,
I p. 81.)

HOSIERY MANUFACTURE. The principal seat of the hosiery
manu&wture in Engl.-md is in the three midland counties of Leicester,

Nottingham, and Derby. In the first of these woollen hosiery forms
the<principal branch of the manufacture, while in Nottinghamshire the
material chiefly used is cotton, and in Derbyshire silk goods are mostly
made.

The stocking-frame, by means of which this manufacture is carried
on, is, next to the common warp and weft loom, the oldest machine in
existence applicable to textile fabrics. It was inventefl about the close
of the aixtoenth century by the Rev. William Lea, of St. John's
College, Cambridge; but a considerable time elapsed before the
produce of this frame took the place of the trunk-hose then worn by
all who could afford such an .article of dress. For this reason Mr.
Lea settled at Rouen in Normandy, where his manufacture was carried
on under the patronage of Henri IV. ; but the assassination of the
king and the political troubles brought on by that event caused the
abandonment of Mr. Lea's estabUshraent, and that gentleman shortly
after died in a state of poverty at Paris.

From the period of its first invention the stocking-frame received no
considerable improvement until quite recent times. Frames, however,
with a rotatory action, and worked by steam-power, have been
uoceasfully brought into use at Nottingham, and bid fair to supersede
altogether the use of the old reciprocating engine. The economy in
Um process of iSanufacture thus effected is very great. The working of
a rotatory machine impelled by steam-power, in which twelve fashioned
stockings are made at the aame time, re<iuirc» the su|)crlntendcuee of
only one roan and a boy ; whereas in the old frame but one stocking
can be made at once by a single workman. The substitution of steam-
power frames for the old hand frames produced at first some distress
among the framework knitters; but the great extension of demand
which is always found to accompany a considerable cheapening of any
manufacture, lenened this evil by ciiising employment for an incroa»e<l
niimlicr of hands. The cotton branch of the hosiery manufacture
differs from the woollen and silk branches in the relative pro|)ortion»
vi tha coat of labour as compared with the cost of the material. In
cotton hosiery the cost of labour constitutes from two-thirds to five-

sixths of the value of the goods; while in HooUen hosiery the labour
does not exceed two-fifths of the value ; and in silk goods the pro-
portionate coat of labour ia still smaller.

It is diiBcult to deecribe the prooeaMS of this manufacture without the
use ofmany wood-euta; and even then the routine is not well understood
without seeing tlie machines actually at work. The hosiery or frame-

work manufacture is a peculiar kind of iutn-laoing. Instead of being

a seriaa of cross threads woven in a loom, it is a aeries of loopa or links,

so oooneoted ns to poaaeaa both strength and elasticity in a remarkable

dagroa. It is a oontinuooa thread whiidi ia thus linked around itself

;

in a way which beara a good deal of resemblance to many kinds of

ladiea' netting and crochet work. The article made in the stocking

frame is not a stocking, but a piece of knitwork cloth, which is after-

wards sewn up into the form of a striking by needle and thread.

Hence, there are three kinda of operatives engaged ; the mudcn, who
put the tbrwkd into or on the machine ; the fixau-^eork ImUten, who
work Uie thread up into a knitted fabric ; and the teamert, who make
the stockings out of the pieces thus producc<l. The winders are

generally children, who can each wind thread enough for h.ilf a doien

machines ; the knitters are men, women, and youths, who hira both

the winders and the seamers ; and the seamcrs are women. Some of

the stocking-frames are owned by the frame-work knittera ; some are

let out to the men by the owners, at so much per week for each frame

;

while other persons ore the rentera of what is termed a ' shop of

fnmea,' containing eight or ten frames ; these, with standing-room to

work in, they let to the workmen, at so much per frame per week.

The master manufacturer gives out his thread, and the workman
returns this thread in the form of stockings, the work being paid for

at so much per dozen pair.

We have spoken only of hosiery, but many other artidea beaidea

stockings are made of this linked fabric. Oloves, waistcoat-piacos,

mitts, pantaloons, drawers, braces, webs, comforters, caps, jadcati,

leggings, and various other articles—are mode nearly in the same way,

and of the same material. The processes for worsted, cotton, and silk

are nearly analogous ; those for silk requiring, however, the greatest

care. Some progress, as has been remarked above, has been made
totvards the manufacture of hosiery by means of steam-power.

Ireland is gradually advancing in this as in many other branches

of industry. At Balbriggan there is a hosiery manu&cture, from
which specimens of cotton hosiery are issued, of a degree of fineness

such as has never perhaps been equalled ; one dozen i^ain of ladies'

full size stockings weigh only nine ounces. Cotton stockings of a

peculiar kind of open work are also m.^nufactured in the some town.

Among various inventions relating to the manufacture of looped and
other hosiery fabrics, is one by Messrs. Kceley and Wilkinson. Several

threads are here used instead of one, differing in materials and possibly

in colour ; these are so looi>ed that any one or more threads may bo

completely enveloped by the other ; and the mode of interlacing is

such that, in the event of failure of a loop, it does not necessarily

cause the general running or failure observed in most hosiery goods

imder similar circumstances. By this system, gloves or stockings may
be composed of three threads, one of cotton and two of silk ; ^e silk

being shown both on the outside and the inside, and the cotton hidden

between them. The cotton stratum may consist of two threads

instead of one. A substitute for expensive silk stockings or gloves is

thus produced. Many improvements have also been made in the

manufacture of looped fabrics required to be narrow at one end, like

braces ; the usual way is to sew the material transversely, and then

draw the thread so as to give a closer texture to the narrower part

;

but the frames are somotimos so adjusted as to weave the wide part,

and then produce the narrow part with the same number of threads

by a change in the action of the mechanism. Another novelty consists

in the making of gloves or mitts, in such a way that the inner surface

of the knitted fabric shall exhibit a pile or velvet texture. India-

rubber is now very ingeniously employed in gloves and other knitted

fabrics, to give elasticity and closeness of fit to particular parts. The
circular knitting, or hosiery machines, ore efficient contriv,%nces for

producing garments without a seam ; the construction ia very intricate
;

and some are so contrived as to produce a pattern or device as well as

to produce the fabric itself.

The hosiery m.inufacturera of this country, at least those engaged in

making cotton stockings, are much interforml with in the foreign trade

by the competition of Saxony. At Chemnitz the manufacture of

cotton stockings is carrieil on very extensively. There are large

establishments in which circular frames are worked by steam power,

with steam presses and steam irons to finish the goods. The women
who tend these machines receive little more than 2s. iier week on an

average ; but this sum will go as for as S>. in England, as a means of

support. The Chemnitz hosiery is exported largely to the United

Statea, where it proves a formidable competitor to English produce.

It has been stated in a former paragraph that the stockingers of the

midland counties follow a peculiar system in hiring the frames with

which tliey work. Hence arises a condition of things against which

they are alw.-iys complaining. With the exception of the Spitalfields

silk weavers, few artisans in Kiigland have more frequently solicited

the jirotcctioii of the legislature tlKUi the stockingera or Iraiiie-work

knittcru, u8|>ecially those engaged in the worsted trade of Leicester-

shire. The men and their families are always poor, let the state of

trade be brisk or slack ; they seem bound to their empl'iycrs by
shackles which they cannot throw off; and there is a general tone of

despondency in all their communications on the 8ut)jcct. They state

that, whatever be the nominal wage for making a dozen pairs of stock-

ings, the stoppages are so great, for frame-rent and other items, that

their net earnings, even for adult men, do not exceed 8*. or 10<.
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per week. Among munerous apjjeals to the legislature, one in 1844
made a considerable impression ; it was a petition signed by 25,000

frame-work knitters. Tlie government employed Mr. Muggeridge as a

commissioner, to make minute Inquiries in the three midland counties.

He examined no less than 600 witnesses, and came to a conclusion

that the legislature should step in to protect the artisans. All the
leading statesmen, however, felt that any interference between employers
and employed on a matter of wages lies beyond the functions of the

British legislature ; and nothing particular was effected. After many
years' more complaining, a Committee of the House of Commons
inveatigated the subject in 1857. A volume of 700 folio pages, con-

taining an immense mass of information, was the result of this

inquiry; and a few words from the Report of the Committee will

Hiiffice to show the singular commercial economy of the trade.

Foreign competition, improvements in machinery, and changes of

fashion, have tended to lower the wages of those who work on the
old hosiery-frames ; and this lowering, it is contended, is aggravated by
the mode of paying wages. "The middle-man supplies the workman
with frames and other machinery, sometimes belonging to himself, and
sometimes hired of the manufacturers and other owners. When he
settles with the workman, he deducts out of the gross price per dozen of

the work performed—first, a sum as rent for the use of the frame

;

Hecondly, a sum for winding the yam, which is a necessary operation
;

thirdly, i sum to remunerate himself for the use of the premises where
the work is performed, and for the stauding-room of the frame ; and
fourthly, a sum for his trouble and loss of time in procuring and
carrying to the workman the materials to be manufactured, for the
responsibility to the manufacturer for the due return of the materials
when manufactured, for superintending the work itself, for his pains in

sorting the goods when made, and for re-delivering them at the ware-
house of the manufacturer. The manufacture is carried on, in many
instances, at the houses of the workmen, and in places distant from
the residence of the manufacturer ; with no communication between
him and the workmen except by the intervention of the middleman."
It has become a custom almost universal in Leicestershire, to charge
1». per week rent for a frame, whether it }>e old or new, and whether
it be worked by man, woman, or child ; this, it is quite certain, yields

a very handsome profit on the capital exp«nde<l in purchasing the
frame. One manufacturer, in 1857, employed 2000 frames, one half

owned by himself and the other half by middlemen ; but all these
frames alike were charged In. per week to the knitters who used them.
It is nevertheless evident that this is a matter with which the legis-

lature can hardly deal ; the net actual earnings will, in spite of
legislation, depend on the ratio between supply and demand among
iiLinufactiu-era, luiddlemen, and workmen ; it might be altered in name,
but not in substance. The Committee of 1857, like the Commission
of 1844, failed to produce any legislation on the subject.

A few figures relating to the export and import of hosiery, in 1857,
will suffice as an illustration applicable to recent years :

—

KxpOBTTt.

Dozen Pairs.

. 1,020,000Cotton atockiogs ....
Cotton hosiery aad small wares
Bilk stockings 9,S00
tiilk hosiery and small wares . . . .

.

Silk and cotton stockings . . 8,700
Silk and cotton hosiery and amatl wares
Woistcd stockings 190,000
Worsted hosiery and small wares

Declared Value.

£313,000
32S,000
13,000

36,000
6,000
7,000

133,000
219,000

Cotton gloves

Cotton stockings

Worsted glores

Imtoets.

Dozen Pairi>.

. 170,000

. . 430,000

. 6,400

Average Value.

Z^ft. per pair.

( Td., stockings.

\ id., socks.

Our exports were chiefly to Australia and the Unitetl States ; the
imports chiefly from the Hansc Towns.
HOSPITAL (sometimes called simply tpiud, from the French h6pi-

lot), a place endowed for the reception of iiie sick or support of infirm
persons. The first hospital for the sick is said by Honfez to have been
founded in the latter part of the 4th century. Hospitals intended
merely for the relief of poor and indigent persons in England are pecu-
liarly called Ahiu-housai. At an earlier date hospital signified a place
of shelter or entertainment for travellers upon the road, more especi-illy

for pilgrims. Spenser in the ' Fairy Queen,' uses the word in this
sense:

—

" They spy'd a goodly castle, placed

*f Foreby a river in a pleasant dale.

Which, cbusing for that evening's hogpitat.

They thither march'd."

' The Haison de Dieu at Dover, St. John's Hospital at Warwick, and
some others, were expressly founded for the reception and entertain-
ment of pilgrims and travellers.

Many of the charitable endowments in England are called hospitals,
and are incorporated bodies, consisting of a master, brethren, and occa-
tionally other members. Some of these foundations have also schools
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attached to them. But the name is now more generally restricted to
places for the reception of sick, or wounded persons, and such hospitals
are very numerous in the United Kingdom. In London, the chief
exceptions are the Foundling Hospital, for the reception of illegitimate
children, abandoned by their fathers; Christ's Hospital, an educa-
tional establishment for the teaching of classical learning ; Chelsea and
Greenwich Hospitals for the reception of aged and infirm soldiers and
seamen ; and Bethlehem and St. Luke's Hospitals for lunatics. Medical
and surgical hospitals are established in every large town throughout
the kingdom ; and in London there are many. The oldest, and perhaps
even yet the most important, are St. Bartholomew's, founded in 1122 ;

St. Thomas's, changed from a religious establishment to a medical
hospital in 1551 ; and Guy's, opened for the reception of patients in
1 725. These three are supported by endowments, and are very wealthy.
All the other hospitals for the sick, in the country, as well as in London,
are supported mainly by voluntary contributions. As to the manage-
ment of their revenues and their general superintendence, hospitals

are on the same legal footmg as other charities.

The construction of hospitals is a subject which has recently engaged
much attention among architects, physicians, and sanitary reformers.
The systems which have found the ablest advocates are those known
as the ^a I-tiion and the corm/or; but a discussion of their respective
merits would evidently be beyond our province. It will be enough
to say that hospitals for the sick require to be well situated, thoroughlv
drained, to have the rooms or patients' wards lofty, well lighted and
ventilated, and suftioiently and equably warmed. Without these re-

quisites the care and attention of the physician will be either in vain,
or materially obstructed.

HOSPITALLERS. Hospitaller, in its literal acceptation, means
one residing in an hospital, in order to receive the poor or stranger

;

from the Latin hospitaiarim, a word found only in the language of
the lower age. The Knighti Hmpitallers were an order of religious
formerly settled in England, who took their name and origin from an
hospital built at Jerusalem for the use of pilgrims going to the Holy
Leind, dedicated to St. John Baptist. The first business of these
knights was to provide for such pilgrims at that hospital, and to protect
them from injmies and instdts upon the road. They were instituted
about the year 1092, and were very much favoured by Godfrey of
Bouillon and his successor Baldwin king of Jerusalem. I'hey followed
chiefly St. Augustine's rule, and wore a black habit with a white cross
upon it. They soon came into England, and had a house built for them
in ClerkenweU, London, in 1100; and from a poor and mean beginning
obtained so great wealth, honours, and exemptions, that their Superior
here in England was the first lay-baron, and had a seat among the
lords in imrliament ; and some of their privileges were extended even
to their tenants. The order was suppressed in England by the 32
Hen. VIII., c. 24, on the ground that the knights sent money out of
the kingdom, abetted the usurjiations of the pope, defamed the king
and his subjects ; adding that their revenues would be better sjient in
the defence of the kingdom.

There were also sisters of this order, of which one house only existed
in England, at Bucklands in Somersetshire.

L'lxin many of their manors and estates in the country the Knights
Hospitallers placed small societies of their brethren, under the govern-
ment of a commander. These were allowed proper maintenance out of
the revenues tmder their care, and they acco\mted for the remainder to
the grand prior at Loudon. Such societies were in consequence called

Commanderies. What were commanderies with the Hospitallers were
called Preceptories by the Templars, though the latter term was in u.3e

with both orders.

The Knights Hospitjillers had several other desiguatious. Thev
were at first called Knights of St. John of Jerusalem ; afterwards,
from' their fresh place of settlement. Knights of Rhodes ; and after
the loss of that island in 1522, Knights of Maltii, from the island
which had been bestowed upon them by the emperor Charles V. The
order still exists under this title, and the chief, or grand commander
still resides at ALalta.

(Tanner, Notit. Moiuut. ; Dugdale, Monastioon Anglicanum ; Collier's

Eccktiattkal Jliitoty of Great Srilain.)

HOSPODAR is the title of the persons formerly sent by the Turkish
sultan to govern Moldavia and Wallachia, the two provinces north o£
the Danube. These governors for more than a century were taken
from the principal Greek families of the Fanar, such as Maurocordato,
Soutzo, Caradja, Morousi, Callimachi, YpsUanti, &c. They assiuned
the title of princes, and were addressed as " Most Serene Highness."
They held in their respective capitals, Bucharest and Jassy, a nume-
rous court, consisting chiefly of Fanariote Greeks, and were in fact

almost absolute sovereigns during the time of their administration.
This however might be shortened at the pleasure of the Porte, which
often recalled them, and put them to death. At the time of the Greek
revolution in 1821 the Hospodar of Moldavia, Prince Michael Soutzo,
escaped into the Russian territory, and his relative the Hospodar or
Prince of Wallachia was poisoned. The present government of those
two principalities is vested in one hospodar, elected separately by the
two principalities; who is assisted by representative assemblies, the
two principalities having acquired a sort of independence, though
acknowledging the suzerainty of the Turkish sultan, whose consent is

necessary to the instalment of the hospodar.
3b
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HOTBED, ft nam* giTan by prdanan to ft heftp o( frtah aUble Utter

ip ft (tftte uf f«rmaatfttioo, upon wUoh ft glftied box U pUoed (ur the

•ultivatiun of c«rtftin pUnU reqiiiriog heat and mouture in Kreator

quantity than thoM agenta exiit in the external air. Konuerly hotbeds

vara mure excluMTely luwd for varioiu purpoavn in horticulture than

Uttj DOW are. This i« owing to the perfection to which other means
IMF producing and applying artificial beat liave now attained ; but still,

for the growth of cucumbers and melons, raising seeds of tender

annuals, and of other plants, either cUUnary or ornamental, hotbeds

ountiiiue to be advimta^Musly employed, as they likewise are for the

striking of cuttings.

Hotbeds may be fomiod of various substances, such ns unrotten

dung, tan, leaves, or a mixture of these with moistlitter ; in short, any

substance capable uf pnxlucing and retaining fermentation, and which

will admit of being built up 8o as to support a frame with sashes. The
substance however that is most generally used is fresh stable-dung

;

the |a«paration which it requires conaista in its being thrown in a

heap, and also watered, if it contain much dry litter ; and as ferment-

ation pmceeds it should be turned two or three times, and mixed
thurouglily in the process.

The situation iu which hotbc<ls ought to be formed should be dry,

open to the south, and woU sheltered in every other direction, eitlier by
mJls backed by high and cluse-gruwing trees, or by very close and
lofty hedges. Such extensive shelter, though desirable, cannot always

be obtained ; but some mode should Iw employed to break the force of

sweeping winds. The bssis on which the bed is to bo formed should

be nijirked out from 4 to 6 inches each way beyond the dimensions of

the frame intended to be jiloced upon it ; and if faggots or a layer of

bruahwoud be laid as a fouudatiun, it will admit heat completely under

when the bed requires the application of a liHing, which is a quantity

«i fresh msterials added to the outside, should a diminution of heat

require a new supply. The bed is then built uf successive layers of

the prepareil materials, each layer being beaten tolerably compact
with the fork as it is laid on, to the height of 4 feet in front, and
4 feet 9 inches at the back : the sides and ends should be quite per-

pendicular. The top layer should be as free from litter as possible.

When thus finished, the frame and lights are jilaccd upon it, and as

soon as the violence of the fermentation ha-s diiuinished, mould is put
in ; and when the latter has acquired a pro]>er temperature the plants

are intruduce<l. Instead uf muuld, rotten ton, or leaf muuld, or sand,

is spread over the surface uf the bed, when pots containing seeds or

cuttings are to be plunged.

Aft soon as the heat of the bed begins to decline, a Iminy of fresh

uiftterials must be applied This however may be com|>osed of stib-

ltsil"f' that have not uuderguue any previous fenuentatimi, and may
consist of fresh stable^luug, merely shaken u|) as it is placed against

the sides of the bed, or of grass mowings, or of leaves, or of a mixture
of such substances.

A bed formed of well-prepared materials, and raised to the height

above mentioned, will be sufficient for any purpose for which a strong

bottom-heat is required ; but a very mild lx>ttom-heat is frequently all

that is wanted. In this case the bed is mode lower and more com-
paetly beaten or trodden. Substances that ferment violently are like-

wise excluded from its com)>osition.

It sometimes happens that, notwithstanding every precaution with
regard to its formation, a hotbed will become too hut for plants or

se«ds that may have been placed above it. In this case the only

remedy is to remove the plants until the hotbed bos been remade, with
ttie addition of some materials the fermentation uf which is slower and
leas violent. Gardeners sometimes attempt to avoid the trouble of

doing this by piercing the aides of the hotbed with holes for the

egress of heat ; but tbu is seldom an effectual remedy for the evil.

HOTCHPOT. (Law.) The word has been thus quaiutly explained

by Littletun :
—" It seemeth that this word hotch|M>t is in KngUsh a

pudding, for in a ptidding is not commonly |>ut one thing alone, but
one thing with other things together." The cummun law prescribed

the rule, that where a daughter to whom lands had been given in frank

marriage claimed ft portion of the land* descending upon her together

with her sisters from the father in fee simple, she should not take any
hare iinlnss she mixed and blended the Isinds given to her in frank

mairiage with the desoended estate, so that they might )x> equally

divided among all the daugliters. The rule is founded u|>i>n the same
grounds as the ColUtio bonorum uf the civil law. (' Dig.' xxxvii. 6

;

Oe CuUaticoibus.') The sUtute ti and 23 Chas. II., c. 10, r. 5 (the

Statute of Distribution) provides, that in making distribution of the
personal estate of intestates, advancements made by them in their

uvea to their children shall be brought into hotchpot.

HUTHUl'SK, in horticulture, is a structure in which exotic plants

or* oultivatcd under circumstancea approximating as closely as poiftible

to those under which they naturally exist ; or it is used for aooMarating
the production of flowers and fruits of either indigenous or exotic

planta. Hothouaei q>propTiated to the latter pwrpoees are very fre-

quently termed fardmi^houtet.

In toe beginning of the 17tb oentuty that description of hothouse
generally tanned the gntiilmae began to be constructed in Uermany

;

and one in the ApoUieoftriee' Oarden at Chelaee is mentioned by Kay
in 1684. These, uke many others of later construotion, had glass only
in the front, which was parpendiouUr ; and the mode of applying

artificial heat exhibited little more knowledge uf means for the end
than the remains of flues found in the ruins of the dwelling-housea and
baths of the Romans.

In 1 724, when Switaer publiahed his treatise entitled ' The Practical

Fruit Oardener,' the principles of managing hothouses wore still very

imperfectly understood ; for bo observes, p. 805, that " Peaches, necta-

rines, and ftprioots don't love to be forc'd ; at least the fruit is very

seldom good : there being much occasion to keejp the glasses close,

the fruit is always rendered flat and insipid. Thu is not pure specu-

lation, but the result of the practice that I have observed m the glass

houses at Brompton Park."

Considerable alterations, particularly in houses fur gra|>es, were made
towards the end of the last century. The most materi.U iiupruvement
was the substitution of a slanting glass roof for a perpendicular glsa>

front ; but the advantages of this were much diminished by the heavi-

ness of the sashes, and the laras quantity of opaque matter which it

was thought necessary to employ in orddr to ensure the durability of

such structures.

In the present century great ads'ances have been mode iu huthouse

building, and more particularly since 1815. The application uf heat by
steam or hot water, and the admission of a greater quantity of light by
glaring on metallic bars instead of wooden sashes, are the principal

features of these improvements.
The principles by which the construction of hothouses must b«

governed have reference to the three great agents iu vegetation

—

heat,

faoutare, and Uyht.

AVith regard to heat, the building must provide for a sufficient

amount to raise the internal temperature of tlio house, fruin that uf

the lowest degree uf external air that occurs iu this climate, tu that uf

the highest which prevails for any length of time iu the countries uf

which the plants intended to be iutruduce<l ore natives. This rule is

without exception as far as plants strictly trupical are concerned ; a
slight relaxation may be allowed in some coses with regard to plants of

temperate climates, such as, for instance, the vine when it is only
intended to be forced late in the season, after the severity uf the

winter is over. With regard, however, to vineries intende<l for early

forcing, the extremes uf tempei-ature shuuld alwaj's be made the data

for calculating the extent u( the requisite heating puwer. The cun-

sequences of too limited a heating power will, in many instances, be
exhibited for several years. Vines in a forcing state have been su

affected by the extreuie cold of a single night, that the croj) has been
not only lust, but the vines themselves so much injured as not to

be worth preservation. This shows the necessity of always pro-

viding for extreme coses, since a deficiency of heat for only a few hours
may occasion an injury that cannot be remedied iu as many years.

UoiMiire is of very great importance, and a duo proportion of it is

frequently more difficult to umintain in the atmosphere of the house
than heat, and more so by some modes uf heating than by uthers. It

therefure fuUows, that as all applications of fire-heat have a tendency
to produce too great a degree of drj'ness, that mixle is the best for the
growth of plants which allows of the greatest quantity of vapour t<.i

remain vmcondensed iu the atmosphere uf the house.

Some tribes of exotic plants, natives of the torrid zone, arc adapted
for existing under a very dry atmosphere. Instead of developing a
thin expanded foliage, they form thick succulent masses, which no
degree of atmospheric dryness seems to injure. Plants of such a

nature of course require a dry itovt ; and a period of extreme dryness is

perhaps as necessary for their future vigorous development as the cold of

winter is to the deciduous trees of the north. But with regard to the

generality of plants from tropical regions, a very different atmosphere
is necessary. Within the tropics, the dryness of the air seldom
exceeds 10° of Daniell's hygrometer; whereas, in the neighIwurhood
of London, between 20° and 30° are frequently indicated during the

day. In tropical countries the air is saturated with moisture during
the night, or at least it is but very rarely otherwise in the u|)en air.

But if due precautions be not taken and temperature only Iw attended

to without regard to moisture, a degree of dryness will prevail at night

in hothoimei^, which is double that of the tropic during the t/a.v-

Artificial heat having therefore this excessive desiccating teudcncy,the

necessity bccouios obvious of adopting such modes of cuustruction and
beating lu will afford the best means not only uf supiilying but of

maintaining luoiHturu ; fur va)>our may be raised till tlic air of the

huusc in at thu iioint uf «aturati(.n, and yet causes may operate so as to

occasion a speedy coudeiifiation and a couscquent dryness.

lAght cannot be admitted too freely into huthouses. This will

appear evident from the cii-cumstance of the most transparent medium
that can be used reflecting a great proi>ortion of the sun's rays when
they impinge obliquely on its surface. According to Bouguer's ' Table

of Hays ruilected from Qlass,' when the angle of incidence is 85°, as

much OS S4 per cent, of the sun's rays are rutiected ; and at angles of

incidence of

80°, 70°, 60°, 50*, 40', 30°, 20°, 10°, 1*

41, 22, 11, 6, 8, 2, 3, a, S

|ier cent, are reflected, omitting fractions.

Besides this, in wooden roofs, even although of good construotion,

22 per oent. of the rays of light are obstructed by the rafters, &c. In

iron roofs the obstniction is reduced to 7 or 8 per cent. In the case
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of a house fronting due south, the rays of the suu at 6 a.m. will run

parallel with the roof ; at 7 a.m. 30 per cent, of the rays will be re-

flected from the glass alone, independent of the quantity from other

causes. At 8 a.m. 10, and at 9 a.m. about i per cent, will be reflected.

From this time till 3 p.m. the proportion reflected will be only from

2 to 4 per cent. If we therefore take from 6 a.m. to 6 p.m., a length

of time from which the tropical days never differ much, we may cal-

culate the loss of rays to be from

Reflection of glass, say on an average

Obstruction from rafters (iron)

Ditto from glazing laps

10 per cent.

8 „
5 „

23 per cent.

But if wooden rafters are employed, 15 per cent, additional must be

added, making in this case a loss of 38 per cent. In old and heavily

constructed houses, it certainly would not be too much to state the

loss of rays at 50 per cent. ; and under this privation of light it is not

surprising if the plants are found to exhibit a yellow sickly foliage.

The above calculation of the reflection of rays is made on the suppo-

sition that the pitch or elevation of the roof forms an angle with the

horizon corresponding with the latitude of the place, say for London
- 51 4°, or forming an angle with the back wall equal to the complement

of the latitude, or 384°. The period of the season is that of the spring

or autumn equinox. A plane elevated to the above angle would have
the sun's meridian rays more nearly perpendicular throughout the

year than could be the case with any other elevation. This however
is not the most eligible angle of elevation, except perhaps in the case

of a very early forcing vinery or peach-house, where the direct rays of

the sun are more especially required at an early period of the season.

The principal objection to this elevation is, that it occasions the house

f to be built too high in proportion to its width, and the heat accumu-
lates in the upper angle where it is least wanted ; in short, the higher

the back wall, the colder is the air of the house at its base, and the
warmer at the top, compared with the mean temperature throughout
the house. It will therefore be proper to inquire how far the above
elevation may be deviated from without greatly affecting the trans-

miasion of light. If the slope of the roof were lowered so as to form
iUi angle of 20° with the horizon, the loss from reflected rays at noon
would average about 3 per cent. ; but in the morning and afternoon

the loss would be considerably greater, more especially in the winter
season ; and it is of course proportionally less in summer. So far

therefore as light is concerned, any angle may be chosen that is found
in other respects the most convenient between 20° and 60°. Pine pits

and frames are even lower than 20°
; but with reference to the supply

of light, as well as the descent of the rain, it is not advisable to have
the roof flatter than 20°.

Although the necessity of admitting as much light as {wssible is now
generally acknowledged, and althotigh in cloudy weather great advan-
tage will be derived from a roof rendered as transparent as possible,

yet the generality of tropical plants do not thrive in bright sunny
weather when placed near the glass of a hothouse in this climate ; and
the necessity of a screen of netting will appear obvious from the efl°ect8

of solar radiation observed in the tropics as compared with, what is

rather surprising, the still greater energy of the same in this country.

In the tropics, a thermometer covered with black wool, and conse-

quently prepared to receive the full effects of the sun's rays, does not
rise higher than one so exposed in this climate frequently does, not-

withstanding the greater general coldness of the air. It is not uncom-
mon in the neighbourhood of London for a thermometer placed in the
sun to rise 50° Fahr. above one in the shade. At Cumana, Humboldt
never found the sun's rays to have the effect of raising the thermometer
more than 6° or f. Nearer the pole, the energy of the solar rays

appears to be still greater than in this climate. Between lat. 80'' and
81°, Captain Scoresby states that the thermometer was 18° below-

freezing on one side of the ship, whilst on the other the pitch was
heated to a temperature of 90° or 100°. This is a greater radiating
effect than has perhaps ever been observed in this climate, and certainly

unequalled in the tropics. The body of the atmosphere surroimding
the earth is supposed to have the form of an oblate spheroid, flattened

at the poles and elevated at the equator. Indeed if this were not the
case, as it is found to be considerably denser at the poles than at the
equator, a different barometrical indication would be the consequence

;

but at the level of the sea this is everywhere the same. This difference in

density may have some effect in weakening the sun's rays, but probably
not so much as the circumstance of the atmosphere having a much
gr«ater capacity for moisture at the eqiiator than at the poles. At the

senator more moisture is required to produce saturation, and at the
saae time the pocess of evaporation is so powerful that the atmos-
phere is maintained on an average much nearer the point of saturation
than it is at the poles. These circumstances doubtless contribute
greatly to temper the solar rays.

Plants from a great elevation, from within the tropica as well as
•Isewhsre, appear to require less shade than those from the level of the
sea. The rays of the sun have been ascertained to be more powerful
at 4000 feet above the level of the sea on the mountains of Jamaica
than at Port RoyaL Hence the potatoe, a native of the high table-

land of South America, will not thrive under glass unless placed very

near it ; and if placed at a distance from it at which the pine-apple, a

native of the same countrj', but near the shore, will grow robust, the

potatoe will become pale and languid.

These facts are too important to be omitted in explaining the prin-

ciples by which the construction of hothouses ought to be regulated,

and it Vfill be found that those houses are the moat perfectly suited

to the cultivation of plants in which such principles have been most
considered.

AVith regard to the means of supplying artificial heat, the old system

of using brick flues is now rapidly being superseded by that of hot

water. Brick flues occupy a large 8p.ice ; and are also liable to crack

and emit sulphureous effluvia to such an extent that the crops of early

forcing fruits have often been entirely destroyed. These objections

do not apply to hot-water pipes. When once fitted up they require

no repairs for many years ; whereas the brick flues must be frequently

broken up in order to clear out the soot. By hot water the distribu-

tion of heat can also be better regulated, and the uniformity of tem-

perature better maintained than by any other known means. The
methods of heating by hot water are various. The oldest and perhaps

the best for small houses is extremely simple, consisting of a boiler,

and, at the further end of the house, a cistern on a level with the

boiler. A pipe proceeding from near the top of the boiler, and com-

municating with the cistern at the same level, conveys the heated

water slowly from the former to the latter. Another pipe, situated

lower than the preceding, conducts the colder and consequently denser

portion of the water from the cistern to the boiler. This is frequently

called the return-pipe. A circulation is thus established in consequence

of the hottest and therefore the lightest portion of the water ascending,

and displacing the colder in the upper pipe, which from its greater

density tends to subside at the lowest level, which is in the lower or

return pipe. Here it would remain stationary, but the pipe com-

municating with the water in the boiler, a few inches above the bottom

of the latter, and the rarefied water in the boiler being unei|ual to the

balancing of the colder and consequently denser portion in the return-

pipe, a continual ingress from the latter takes place into the boiler.

This extremely simple form of the hot-water system has received

various modifications. Circulation has been obtained on the siphon

principle, the pipes being elev.ated above the level of the boiler, and a

vacuum being formed in them by pumping out or otherwise displacing

the air, which is replaced by the water, so that a greater descent is

afforded for the water in the return-pipe. Instead of large pipes, of about

four inches in diameter, a number of small pipes hermetically closed

have also been employed, and coils of such pipes have been inclosed in

a furnace instead of a boiler ; a large extent of radiating surface is thus

made to inclose a comparatively small quantity of water. As the water

becomes heated, a degree of pressure corresponding with its expansion

takes place ; this, however, requires to be reguLited by an expansion-

tube to prevent explosion. Steam forced through pipes has also been

extensively used as a heating agent. Such modes undoubtedly afford

the means of raising the temperature more rapidly, and their appli-

cation in some cases may be attended with advantage ; but as the

cooling, if the fuel be not supplied regularly, takes place in the same

ratio of rapidity, it becomes a question whether a mode that produces

a slow and lasting heat, or one that is rajjid in its production and

decline, is to be preferred. In order to solve this, it becomes necessary

to take into consideration the progressive amount of heat which is

required in hothouses relative to time. At noon, or soon after, the

natural temperature of this climate is generally at the highest, and the

temperature of the hothouse should also then be higher than at any

other time of the day or night. The external temperature declines

gradually till three or four a.m., when it reaches its minimum, of

perhaps 50° below the noon temperature. The hothouse temperature

should in like manner gradually decline, but only to the extent of

between 5° and 10°. It is therefore evident that artificial heat must

be increased, if well applied, so as exactly to make up the deficiency ;

and it should by no means be allowed to have any more than one rise

and fall in the course of twenty-foiu- hours. By a rapidly heating

apparatus, this is next to impossible ; and independently of all other

inconveniences, sudden changes of temperature are sure to affect the

hygrometrical state of the air in the house, causing condensation and

consequent dryness. A slow but effective and lasting heating power is

therefore preferable.

Only a very few modifications of the plan of heating by hot water

require to bo adverted to in this place. Instead of the pipes running

quite horizontally from the boiler to the cistern, they may be slightly

elevated towards the latter, which has the effect of conveying a greater

proportion of the heat to the part of the house which is most remote

from the boiler. The boiler must be so constructed and placed as to

admit of the water contained in it being a little higher than the most

elevated portion of the upper pipe. Flat pipes are sometimes employed

as upper ones. As their transverse section is a parallelogram, and as a

circle contains more space than any other figure of equal perimeter,

these flat pipes contain less water in proportion to their surface, and

consequently the water in them is sooner heated to its maximum ; but

this, as previously shown, is no advantage, if in fact it be not a disad-

vantage, since it cools so much sooner.

With regard to a supply of moisture, the above hot-water system, in
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whiek Um {lipm art lard, or neuiy m, pranota Mranl adTsntagM over
(itkw mathodi of beating. Troui^ can be amngad along the whole
length of the pipe, which, when AIM with water, will produce a gentle

but conctant er^wration. Beaidea the mipply {ram thu lource, a laige

quantity of (team may be nfely intrmluoed from the boiler, provided
the TioMice of ita ingreaa be a Uttle broken by a perforated aheet of

melal, or any cimilar oontrivance. Another aouroe of moiature ia aup-
pUed by the reeerToii , which, with moiature from the soil in which the
pianta are grown, and from the wetted floor*, ought to keep the atmoe-
phere of the houM aufllaiently moiat during the nij^t Tna elaaticity,

howerer, of the vapour will be very great, partietdarly in cold nighta
wiMn modi fire-heat ia required ; and in such a state of the weaUier
the coodenaation from the ocddneas of the gUuw will be increased. The
atBMiq>here of the houae ia not only deprived of ita mniiiture by thin

proceaa, bat a aarioua kiaa of heat by ladiation from the glaas takm
plaee Mt the aame time. Thia loaa of heat and transmutation of

mniatare reaulting from the radiation of the gUas, although little

attended to, dcinaiula the moat aerioua care. It admita of no remedy
but the interjioeition of aome medium between the glais and cold aky

;

and auch aubataneea aa are the worst conductors of caloric, and vrhiuli

will also keep the glaaa dry, are of oourae the beat. A woolleu net
mounted on a roller, with pulleys attached, would have a veiy bene-
ficial efiect if closely covered by light wooden shuttera or a tarpaulin.

And aa it haa been proved that the rays of the sun are frequently too
powerful for hothouae vegetation, the netting would likewiae be occa-
sionally very uaeful aa a uade; and with this provision the roof cannot
be made too tranaparent, oa previously atated.

It haa been ahown that iron roofs occamon an obstruction of light to
the extent of onl^ one-third of that which takes place when wood is

employed. The iron roofs are therefore preferable, although, apart
from the greater original expense, there .ire still some objections to

them. Konnerly the chief objection was the breakage of glasi) likely to

resiUt from the exi>anmon of the metal ; but the severity of the frost in

1838 has proved that this objection was groundless, for very little

breakage occurred in the iron roofs compared with what took place in

wooden ones ; and it may be fairly asserted that none whatever was
bn&en from contraction of the metal ; nor can any breakage take place
from its expansion if the glazing is performed in siunmcr, or the glass

cut so as to fit in with ease, or the panes m-tde one-thousandth part of

an inch less than the bod between the rebates of the bars in which
they are placed. The principal remaining objection is that of the
rapid abduction of heat. Plants never do thrive so well in the
proximity of iron as in that of wood, and this is probably owing to

the wood being a slower conductor of caloric. Supposing a bar of iron
is heated to 100* by the sim's rays, and then syringed with water, it

will instantly become very cold, in consequence of evaporation ; and if

any plant be in contact with it, or nearly so, the juices will experience
a chill. In many instances, therefore, where plants require to be close

to the glass, auch as in propagating housea and pita, wood ia certainly

preferable to ircm. Again, when a wide and also lofty house is to be
grazed, iron is more proper ; for besides the quantity of rays lost by
reflection of (^ass and obstruction from rafters, those that do pass into

the interior are so weakened, that when they reach vegetation remote
from the glaaa Uiey do not appear to be efiiBCtive in performing the
requisite functiona in a perfect manner ; but of course better when the
roof is of iron than when wood is employed.

Various modes of ventilation are in use. One which was considered
a great improvement has not been foimd to be so,—namely, the having
ventilators in front at the lower angle, and corresponding ones in the
hack wall near the top inside, communicating with the external air by
means of openings in the south side of the parapet. Sometimes this

mode appears to have little effect, and the temperature ascends too
high, till the movement of a alight breeze outside cauaea inatantly a
ruah of cold air. Ventilation should be so contrived as to be suffi-

ciently effective in preventing excess of heat ; but at the same time it

ahoiUd be perfectly at command, ao that it may be employed when
requisite in the most limited degree. No method should )x! finally

adopted until it is pul to the test by tiring whether, under any ogi-

tation of the external air, a candle will bum steadily inside if placed
near the aperturea by which the air is admitted.

In all forcing-houaea tanka ahould be placed for supplying water of a
temperature more suitable to the nature of the vegetation than that
from a pump out of doors. Nothing can be more injurious than cold
water applied to the roots and tops of tropical plants, or others in a
forcing state under a high temperature. The rain and dews which
supply the pianta of warm climates cannot be much below the mean
teuipomture nf the climate ; and if only equal to the minimum, still it

would be l>etween 20* and 80" above that of spring-water in Britain.
To these general remarks upon the principles of constructing hot-

hooaes, a few observations of detail require to be added. Qreenhouaea
and eonaervatories are commonly included in the appellation of hot-
bonae. The only difference between them is, that fires are seldom
vaed in the greenhouse unless in very severe weather, while the
hothouae ia conatantly kept at a high temperature ; but so far as the
building is concerned, they may be considered aa the same. A green-
bonae ia for keeping and growing the plants of temperate countries

;

while a hothouse is used for forcing fruits, nr for gnnring pianta which
are indigenous to tropical regions. Hothouses may be classed under

four difierent heads,—namely, the tlrg ttott, the damp itan, the hark

tlove, and iixe foning-hoiue.

The (fry itonc, aa the name implies, ia uaed for the cultivation of

plants wbloh do not require much water ; auch aa the different ipociea

of Caoti, aome Euphorbiaa, and other Succtdeota of like habits. The
managemeot of auch a houae ia very simple. The temperature during
the vnnter montha ahould never exosed 55* of Fidir. No water should

ever be given at that period, unless the plants show aigna of suffering

from want of it ; indeed very Uttle water shotdd be given at any aeaaon,

except when the pianta are growing. In apring, or eariy in summer,
most of the pianta will show an inclination for growth, and then they

may be watered about twice a week, but thia must be done with great

caution, otherwise they are very apt to rot During summer fires may
be discontinued, and plenty of air given in fine weather. The pianta

H-ill probably get covered with diut and n-ill be unsightly ; in this

case they may be Byringe<l, but caution must be \\mA in doing this,

especially with melon-shapod Cacti, as the water lodges in their hollow
tops, anil eventually destroys them, if allowed to remain.

The damp itore requires treatment of an opposite deaoription.

Instead of being kept dry like the last, its atmosphere should be
always excessively humid, except in the winter aeaaon, when the sky

is generally cloudy, and the sun's rays weak. Various methods are

adopted to keep the atmosphere in this saturated state. When the

house is heated with common smoke flues, the most simple vray is to

throw water frci|ueiitly upon thiin, and also upon the paaaagea and
other places, from which it will evaporate, and surround the pianta

vrith a moist atmosphere. Sometimes a channel is formed with cement,

upon the upper surface of the flue, which keeps the water from running
onl This ia a very excellent pUn, as it may be so made that it will

hold a considerable quantity of water, which will be continually evapo-

rating, and serve the same purpose as that of a person frequently

throwing water upon it. WTien the house is heated with hot-water or

stcam-piiies, it is a good plan to get small ridges cast upon the sides of

the pipes, if they are flat, or, if they are round, sm.'Ul cisterns made of

lead or zinc will answer the purpose, which can be used in the same
manner, and will have the same effect as the channel upon the smoke
flue. With the exception of a few months in winter, the damp stove

must be regularly syringed twice every day. This is indispensable to

the health and vigorous growth of the plants, and alao necessary in

order to keep down insects. The quantity of water which the plants

in this house will require depends entirely upon the state of the

weather and their own growth; in winter they will need little, aa

spring advances they may be watered more freely, and in the summer
season they will all require to be watered twice and some of them
three times a-day ; of course those which are growing vigorously will

require the most. It ia a very had plan, although one which u too

often practised, to water almost at random, giving iul the pianta almoat
an equal share, regardless of their different cap.icities. Some will

require a very abundant and constant supply, others will almost live

upon the atmospheric moisture that surrounds them. Another thing

to be attended to in the treatment of this stove is the placing of the
plants. Most of the kinds grow very freely, and if they Ih^vc not plenty

of room they will very soon get crowded, and instead of growing bushy
and handsome, the result will be an unsightly si)eciinen, with a long bare

stem and a few leaves upon its top. To prevent this they must be regu-

larly looked over, tied up, and kept clear of each other ; elevating some,
depressing others, and giving the whole not only enough of room but
also a natural apjiearance. The temperature of this stove, like that of

the dry-stove, should not be the aame at all seasons ; in winter, when
the plants are in a torpid state, 55° or 60° of Fahr. is quite warm
enough ; when vegetation begins to take place, as spring advances, it

may then bo gradually raised to 70* ; and during fine weather, in the

middle of summer, firaa may be discontinued for about three months ;

but this must depend entu«ly upon the weather. The thermometer
should never be allowed to sink lower than 60°,

The bark ttorf, when it is of large dimensions, consists of a pit in the

middle of the house, surrounded by a brick n'all, leaving as much room
round the sides as will form a p^tssaga to walk in. This pit is

generally from four to six feet in depth, one-half )>elow and the other

half above the level of the floor of the houae ; but this depends cliiefly

upon the height of the roof and the object in view. In smaller houses

no space is left for a passage, and the inside is entirely occupied by the

pit The pit is filled with bark (commonly called ton, from its having
been used previously by the tannera), and after being allowed to sink a

little and ferment, the pots containing the plants are plunged more or

leas deep aa prudence may auggeat It is dangerous to plunge the pots

too deep at first, before the heat of the bed is fully ascertained, because

in that case the roots are very liable to be burned ; the better way is

to plunge the pota only about one-third at first, and deeper afterwards.

Sometimes leaves are mixed with the tan ; the reason being that they

are in some parts of the country more easily procured. When the heat

begins to decay, the bed must be turned over and a little fresh tan

added ; and whenever a new bed is made, a little of the old t->n should

always bo mixed with the new. This stove Is heated indc|>eiideutly of

the bark, of which the principal use is to warm the roots of the plants.

A bark bed is found useful in the cultivation of all those kinds of

plants which are grown in the damp stove ; nrchiilaceous plants, for

example, succeed aduiimbly in this w.iy. The treatment of it, so far
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as the temperature, watering, and syringing are concerned, is precisely

the same as is recommended for the damp stove.

What are called Palm-homrs, Masa-houscs, Orclddaceous-houses, &c.,

are merely damp stoves of different dimensions, for the cultivation of

those different subjects.

The only other hothouse distinct from those already noticed is the

forcing-house. The treatment which this requires is essentially different

from any which has been described, the object being not merely to grow
the plants, or to make them produce flowers, but to obt.iin fruit, and
that too at particular seasons. [FoRCiso.]

Hothouse plants are peculiarly liable to the attacks of insects, and
unless carefully and constantly attended to, these little depredators do

a vast deal of mischief. The most common kinds are the b'reen-fy.

Thrift, Red-tpider, Brown-srale, and Mealybug. The first of these is

easily conquered by fumigating the house with tobacco, or syringing

the plants with an infusion of the same substance. The best remedy
for the thrips and red-spider is to syringe well, and keep the house very

moist and warm, as those insects cannot live in excessive moisture ; a

little of the flowers of sulphm- shaken upon the leaves will also destroy

them. The brown-scale and mealy-bug are the worst of all that infest

plants in hothouses. Bruised laurel leaves strewed upon the passages

and other parts of the house are said to destroy them, but these must
be used with great caution, as they may not only kill the in-sects, but

the planta themselves. Various other substances are said to destroy

them, but, after all, the best and surest remedy is to wash them off.

This is i)erhap8 rather difficult where these little intruders are

numerous, but after the plants are once clean, it is an easy matter with

a little attention and diligence, to keep them so.

HOT-WALL. Hot or flued walls are constructed ill cold countries,

for the purpose of affording warmth to trees pkced against them, so as

to counteract the effects of frost in autumn, when the wood and buds
are maturing, and in spring, when the blossoms and leaves are unfolding.

If hot-walls are used for these purposes only, they are productive of

great benefit to the plants which they shelter ; but if, as often happens,

in addition to this it is attempted by their aid to advance the ripening

of fruit in any considerable degree, hot-walls are of very doubtful

service. This uncertainty of success arises from the exposed condition

of the surface of the wall, and the consequent liability of the heat to be
dispersed as rapidly as it is generated, either in consequence of wet
causing evaporation, by which the bricks themselves are cooled, or by
cold sweeping winds, which prevent any accumulation of warm air

from being formed. In mild weather, a hot-wall with a south aspect

will forward vegetation very considerably ; but in proportion to the

extraordinary excitement, so will be the check from subseciuent

chilling blasts which this variable climate is so subject to in the early

part of the season. Besides the dissipation of heat on the south side

an equal, if not a greater portion, is radiated from the north side of the
wall, where it may be said to be entirely lost. It 'a therefore evident

that wherever coals are expensive, hot-walls are not to be recom-
mended, except for the solo purpose of rendering a little assistance

towards ripening the wood in autumn, and warding off the effects of

frosty nights in spring.

One furnace is allowed for heating about 40 feet of wall, that is, 20

feet on each side of the place where the fire is situated. The flues

on either side are made to take four courses, or two returns ; the first

course being a little above the surface of the ground, and the upper 1

4

or 2 feet below the coping. An improvement consists in atlmitting, by
means of a r^;ister, a portion of the heat directly from the furnace into

the second course of flues. A thick double woollen netting ought to

be provided for the protection of the plants on the wall, and so attached
to rollers as to be easily rolled up in fine weather, and let down at

night. This, with a close-fitting wooden coping, projecting at least

12 inches, will, in a great measure, obstruct the radiation of heat. By
sach means very excellent crops of cherries have been obtained at an
early perio<l of the season ; and as this species of fruit is precarious to

force in a hothouse, a portion of a hot-wall where the trees are planted
permanently may be very properly set apart for such an object.

Instead of flues, hot-water pipes might be introduced into the cavity
of a common hollow wall, a little above the level of the border. One
range of 4-inch pipe would be sufficient for at least 200 feet of wall, the
boiler being placed at the back of the wall, and having an upper and
lower pipe extending 100 feet each way. If, as sometimes happens, a
glass case is erected in front of a hot-wall, a hot-water pipe should be
made to pass along in front of the trees, about two feet from the wall,

and the return-pipe only might bo placed in the cavity of the wall.

A great saving of fuel would be the consequence of such an ari'ange-

ment.
HOUR, HOUR-CIRCLE, HOUR-LINE. The first word always

means the twenty-fourth part of a day, by what revolution soever the
day \nay be measured. [Time.] In angular measure [Angle] it

signifies the twenty-fourth part of a complete revohition, or 15^.

Any great circle on the sphere which passes through the two poles
is called an hour-circle, because the hour of the daj is known when
that circle of the kind mentioned is ascertained upon which the sun is

for the time being. But the two semicircles into which the poles
divide such a circle belong to different hours, and are twelve hours
asunder. In fact, it is a nemicircle which is spoken of under the term
hour-circle. [SpnEBK, DoCTHiNE of.]

The hour-lines of a sun-dial are the lines on which the shadow falls at

different hours, and are the intersections of the hour-circles with the

plane of the sun-diaL In the times preceding the common use of clocks,

the science of dialling was of conaider.ible importance, and many works
were written on the subject, in which the forms of such instruments

were varied without end, and also the methods of constructing them.

One work even announces " a new conceit of reflecting the sunue

beames upon a diall, contrived on a plane which the direct beames can

never shine upon." In the rest of this article we propose to show how
to construct auy plane sun-dial, or rather how to calculate the hour-lines

for it by means of spherical trigonometry. A maker of sun-dials should

form a table for every species of dial which he wishes to construct,

once for all.

Firstly, suppose the ilial to be perpendicul.ir to the meridian, which
is the ca.se in the horizontal sun-di.al .lud in the verticil south sun-dial.

In this case the line drawn through the dial, in a vertical east and west

plane, must be horizontal. The style of the sun-dial is of course to point

towards one of the poles. Let o be the centre of the globe, and of

SEX the circle on which the dial is to be drawn, and let s r N be the

meridian, 1' being the north pole. Then .at noon the shadow of the

style (a jwrtion of the line o p) is on o x. Let the position of the sun

iu the afternoon be in the plane of the hour-circle a p b, and let the

real solar time be K (hours or minutes), and turn A into degrees, &c.,

at the rate of 1.5° to an hour of time. Let R be the angle thus

obtained. Let a be the angle by which the plane of the dial is to dip
below the horizontal plane, and I the latitude of the place. Then in

the right-angle<l spherical triangle r X B, the side p x or PC - x c is /— n.

and the angle bpn ( = spa) fs ir. But n n (answering to the angle

NOB) is the angle made by o B, the hour-line wanted, with o N, the

noon hour-line : let it be called h'. And by the properties of right-

angled spherical triangles,

tan h'= tan H x sm (I— a) ;

from which h' may be calculated for as many values of )i as may be
necessary. If the dial be horizontal (the most common case) we have
(a = 0)

tan h'= ton ii sin I ;

and if the nortK side of the dial dip instead of the south, by an angle a,

the formula is

tan h'— tan H sin (l + a).

In the case of a verticil south sun-dial, in which the style must point
towards the south pole, we have

tan H'^tan h x cos 2.

Secondly, suppose the dial to be not perpendicular to the meridian.
In that case the circle spx, perpendicular to the dial, is not the
meridian, and it must be ascertained what angle it makes with the
meridian, and thence, what hour-line is ox. This being found, the
dial is constructed in the s.ime manner as before, and the hour-lines

follow the same law, with this exception, that the preceding formula
does not measure the angles from the twelve o'clock hour-line, but
from some other. It is not worth while to pursue this case further.

HOUSE. The buildings erected for the habitation of weUto-do
private citizens, and occasionally those intended to shelter animals, or

to receive particular descriptions of m.ichinery, are generically known
by the name of hmuea, in contradistinction to palaces and mamsiona (or

the habitations of rulers in the land), and to huU, or hovels, and
cavern), in which the very poor or the uncivilised seek protection from
the inclemencies of the atmosphere. As the construction of houses
must depend upon the local conditions of climate, of the materials

used, and of the state of civilisation which prevails at the period of

their erection, it follows that the varieties of house construction must
be infinite ; and it will, therefore, be advisable to Umit the observations

to be made on the subject to the practice which has prevailed in the

most distinctly marked countries, or periotls, of ancient or of modem
times, in this branch of architecture.

It appears, from Sir G. Wilkinson's ' Manners and Customs of the

Ancient Egyptians,' that the houses of that country, .ind very probably
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thoM of »I1 the oiriier lUUioiia of th« East, were erected upon nearly

the Mme pUna • wore nifaaequently followed by the Greeks and
Koouuu, in the cum at leaat « the town rerideneea of the wealthy
eHbeu. Thej were uaiially compoeed of a foreoourt, wparated from
the (treet bf a wall, and containing a few traea, a tank, or a fount*in

in the centre. Doon opened from this court into a reception room,
wherein the master of the house received stnmgen, and into passages

leading on the right and the left to the dwelling rooms or the offices.

In some instances it would awear that there were two, or even three,

stories ; but as a general rule we Egyptian houses oon^stod only of a
ground floor, with a few rooms of woonaiderable sise, and more like

summer houses than dwelling npartinenb!!, upon the level of the
terrace which usually covered tlic luiildiiig. The doors and windows
were doeed with wood panpla on liingeK ; the walls were constructed of

crude unbumt bricks, nn<I they were carefully stuccoed with the
mouldingx, pilasters, ami cumices of the door dressings, executed in

that material and painted to look like stone ; the floors were either of

stone or of a species of mortar, and the roofs were made of wood
beams covered with planks, or occasionally of brick, or even of stone,

Taulting. In the houses of two or more stories, the rooms upon the
ground floor were used as store rooms, and those upon the upper floors

were used as bed rooms or as living rooms.
The houses of Athens of the time of the republic are described aa

having consisted of a forecoivt, or a portico, at the bottom of which
was the entrance to the dwelling rooms, and these were divided into

two compartments or stories, thelower one for the men, the upper one
for the women. In the houses erected in Qreeoe at the period of the
Roman dominion, however, the distribution seems to have been more
complicated ; and, from the researches of Sir W. Oell, it may be
inferred that the plan then adopted was nearly as follows :—A court
surrounded by a peristyle was entered, either directly from the street,

or through a passage between the stables or offices. From this court

access was obtained through the Prostas to the Thalamus or Antitha-

lamus, where the women worked, and to the Oicos, or the great dining
room, around which were arranged the hwpitalia, or strangers' rooms.

The sleeping apartments of the women were on the upper floor, and
they were approached by a staircase, in such a manner as to separate

the fft/neeonitu effectually from the rest of the bouse when required.

Even to a very recent period of the Grecian history the houses seem to

have been constructed entirely of wood, with the exception of the roof

covering of tiles ; for it is to be observed, that the Oriental Bystem of

terminating the houses by a terrace was not habitually adopted in

Greece, where the atmosphere was more exposed to sudden variations,

and was at all times less dry than that of A/ria Minor or of Africa.

When Rome had rendered herself mistress of the ancient world, and
her citizens began to indulge the monstrous luxury which characterised

the later days of the Roman civilisation, the style of house-building

participated m the changes introduced in the manners and customs of

the nation. There are no remains of the private residences of the

Romans of the period anterior to the close of the third Punic war

;

but, from passages in Pliny and Vitruvius, it would appear that they
were constructed in a very simple manner, and of rude and perishable

materials. The walls were built of unbumt bricks, and were only of

one story in height ; the roofs were of wood, and covered with reeds

or thatch ; and, as might have been expected under such circumstances,

whenever a fire did occur, the deetruction of whole quarters of the
town neccflsarily followed. During the later days of the republic, and,

in fact, so long as the Roman empire lasted, the style of house con-

struction, for the purposes of the wealthy portions of that strange
society, was afiected by the awful excess of luxury amongst the higher
classes attendant upon the social organisation of the heathen world

;

and we consequently find that the residences of the rich were built

with e%-ery imaginable refinement, while those of the poor continued to

be as rude and as perishable as they were in the earlier periods of

Roman history. In the first part of Mazois' ' Ruines de Pomp^i,' Paris,

1824, foUo, the reader will find an elaborate treatise on the habitations

of the ancient Romans, with some interesting plans of houses, copied
Dither from the relics of the most perfect remains still to be found in

Italy, or from the sculptured plan of Rome, executed in the time of
Soplimua Severus, now existing in the Vatican ; and he also gives a
sMtaii of the original Latin dwelling, of which a reduced copy is

appMided by way of contrast. Of course the circumstances of the

rsapectire portiat building would lead to modifications of the details of

th« normal plan odoptod by the Roman architects; but it may suffice

to obatrre that, wherever it was possible so to do, the vario<is parts

enumerated upon the subjoined plan were introdiwed, and the house of

Pansa, discovered in the ruins of Pompeii, may fairly be token as the
type of the domestic architecture of the masters of the ancient world,
in one of the favourite Italian provinces at laask

In this plan, the entrance from the street takes pUce through the
prothyrum (a), where the porter was stationed, .ind which sorvcd as a
passage between the shops (w w) immediately facing the street, and con-
nected or not with the m.iin building, !\s might be desired. From the
prothyrum the clients, or visitors, of the proprietors passed at once into

the cararlium, or Tuscan Atrium, surrounded by covered galleries (4),

but having an open space in the centre (r), and upon the floor a basin or
tank to receive the rain-water from the roofs of tlie galleries. [Atrium.]
Around the caviedium were the apartments of the domestics (rf), ana
some small reception rooms (e) for business visitors ; and immediately
opposite to the prothynim were, firstly (/), the taUin«m, or summer
dining room, separated from the cavsedinm by a curtain ; secondly,
the (j) fauea, or passage leading to the inner apartmenw ; .ind thirdly,

the Cttbiculum (A), or bed chamber, and |>erliaps the jiinaculhcrn (i), or
picture gallery : the entrance to both the kttcr apartments w!is, how-
ever, from the inner court or peristyle. This prrUtyU (k) consisted of
a large court surrounded by columns sup|>orting a covered gallery,

from which access was given to a series of apartments occupied by the
members of the family, to the store closets, to the shrine of the house-
hold gods, and to the triditiia, or priv.ite dining rooms. There was, at
the rear of Pansa's house, a garden, approached through faucet (I) on
the end wall ; and it would also seem that there was a scries of apart-
ments detached from the rest of the house, together with a number of

shoi>s, entered from the side streets. The shops, if we may judge from
the remains of the staircases, contained two stories ; but the main
building was entirely upon the Kimo level throughout. The materials
employed were of the mast costly description, and p;iiiiting, sculpture,
mosaic, marbles, inlaid woods, Ac, were used with unbounded prodi-
gality ; and every precaution wa« observed for the purpose of regu-
lating the uniformity of temperature in the apartments especially

devoted to the uses of the family. In short, the general system of the
Roman houses may be described as having consiste<l in the construction
of sepirate blocks, or irjh/if, containing one large rilla, and a series of
small shops occupied by the tenants of the principal proprietor ; and the
villa itself was divided into two distinct parts, one of wliich was devoted
to the public or official duties of the proprietor, and the other to his

family requirements.

During the stormy period of transition from the ancient to tha
modem social organisation, the traditions of Roman art continued to
prevail in Europe, and the houses of the kings, and of the moDOotic
mstitutions of me middle ages, were designed upon nearly the same
principles as those of the Roman villas. The porch, the forecourt, the
parlours, the refectories, the cloisters, and the slee)>ing aiiartnients

immediately around the latter, were etideutly placed in iinitAtion of

the analogous ports of the Roman villas ; nor was it until the abuses of

the feud.il system h.id driven the inhabit-tntj" of t'mns to enter into o
combination for mutu.il defri ;• the freedom oi

the towns, that anything lik>' displayed itself.

As might naturally have been <.x|>i^u.i. -i.^- „.^^ indications of this

Art in the more modem times were to be traced among the Latin
nations of the south of Europe ; for in them the municipal life of the
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Romans had passed more thoroughly into the spirit of the nation than

it had done in the north ; and we accordingly find that the earliest

specimens of mediseval house-architecture are to be met with iu Italy,

Spain, or in the south of France. Some of the earliest, and the best,

specimens of this phase of art are to be found in the town of Cluny,

in the Department of the Soane et Loire, and in Florence, Pisa, &e. in

northern Italy, where the houses though built in a sufficiently solid

manner to enable their proprietors to resist a sudden attack, were

evidently more adapted to the requirement* of the civil life of modem
societies than the immense dwellings of the ancient Romans could, by
any possibility, have been made. In proportion as the middle classes

rose into power and influence, the domestic architecture of Europe
also assumed importance ; and indeed it may be received as a general

law that house building, in the meaning we usually apply to the word,

owes its origin in a secondary sense, to the development of the

municipal institutions which brought those classes into power at the

dawn of modem civilisation. About the 12th and 13th centuries

Venice, the Hanse towns, and the numerous cities of Flanders attained

the apogee of their glory ; and the numerous beautiful bouses of that

period may still be referred to with admiration, though of course the

improvements iu the means and appliances of domestic life have

rendered the domestic architecture of this particular period inappUcable

at the present day. The primary law of the development of domestic

architecture will be alluded to in the sequel.

In fact, we may observe, the defective state of the municipal

organisation of the middle ages in all that relates to the |X)lice, to the

water supply, paving, and lighting, and the relatively small sizes of the

towns, compared with those of mo<lem times, rendered some detaUs

iu the disposition of houses indisi)enHable, or at least not objectionable,

which would not now be tolerattnL Thus for instance, the basements
of the houses were necessarily built in a substantial manner in order to

resist sudden attacks by thieves ; the shops, stables, magazines were
established on the ground floors, and too often actually on the groimd';

in the narrow-confined court-yards were placed the cesspools, and the

well ; and as may still be seen in the old houses of Bruges, Kouen, &c.,

access was gained to the upper stories by means of narrow, dark,

spiral staircases. The fiscal regulations of the various states seem to

have led in some cases to peculiarities in the selection of the building

materials employed; as for instance when the Dukes of Nonnandy
levied an oclrui on stone, the inhabitants of Caen and Rouen adopted
the use of wood ; and, at a more recent period still when, during the

reign of Louis Xl\'. an urdunnance of the police limited the height of

stone walls facing upon a street, the system of wood roofs covered with
lead or slate, knoHTi as the Mansard roofs, was adopted. It is to be
observed that the houses built during the middle ages very rarely had
party walls, and that, like the houses in the modem Dutch towns, each
dwelling had its entire enclosure. Under these circumstances the
architecture of each particular house bad greater scope for originaUty

;

and, as in the majority of cases the gable ends of the house face the
street, there is usually a very varied and picturesque sky outline in

ibe towns of the period thus referred to. The interiors of the houses
were, however, veir rude, and we should now say, very uncomfortable.
Ceiling were not known, the upper floors were roughly executed with
wide planks nailed upon 8i|uare beams ; an<l Krasuius even tells a sad
tale of the filth and abominations the floors were made to support.

The windows were not always glazed ; those of the shojis especially

being left open by day and closed by shuttei-s at night, (just as the
windowa of the shops m Spain, or the less civilised nations, are at the
present day) whilst heavy iron bars served to protect the openings
against nocturnal marauders ; signs swiuig over every shop, and the
water from the roofs was poured directly into the street through
grotesque gargoyles.

An important law with respect to the development of the intimate
perception of icstlietical principles may be derived from the history of
house or of domestic architecture, namely, that precisely in proportion
as the individual feeling, so to speak, of the members of society was
able U) cast aside the trammels of the social tyranny inherent to the
political organisations of the ancient world, so were the modems able
to develope a form of art which can hardly be said to have existed
at a period when the only classes were the masters and the slaves, and
personal liberty of action was sacrificed to the interest or to tho
[lolitical system of the state. Thus, in Greece and Rome we find that
the jialaeca of the wealthy were replete with every description of
luxury, and that they were built in a manner sufficiently sohd to last

to the present day ; whilst hardly a trace can be discovered of the
dwellings of the middle classes, or of the poor. During the middle
ages, the feeling of individual responsibility which is the key-note, .%s

it were, of our modern civilisation, was gradually developing itself

;

andtwhen the Ucformation of the 15th centurj' brought that feeling
home to its jxirtisans and enemies alike, all the slumbering energies of
our race were urged into the feverish activity which is still carrying us
onwards. Domestic architecture, like every other branch of art, par-
ticipated in the movement; and it is from the middle of the 16th
century that we may date the greatest improvements of this branch of
the arts. The houses of the periotl of our Elizabeth, of Heiui IV., of
the early dftys of the Dutch republic, were aa distinctly iu advance of
the incouTenient and rudely constnicted houses of the antecedent
periods in their internal arrangements, as the best modem houses are

in advance of them; and it is to be observed that the sesthetical

character of the buildings then erected began to assume the personality

of the artists, and to reflect the tastes, feelings, and modes of thought
of the parties erecting them. No doubt the houses of antiquity and
of the middle ages were in accordance with the spirit of their times,

but that spirit was a national, a political, or a theocratic spirit, no wise

a personal one ; nor was it until the period of the Reformation that

the style of art which gave rise to the dwellings of such towns as

London. Paris, and Berlin, or Munich, can be said to have arisen. And
it may also be observed that the peculiar expression of the art in every
country of modem Europe may be connected with its social and
political constitution ; and that they who know how to observe, may
easily trace the influence of national laws and national faith in every
detail of house architecture in nations possessing a decided autonomy.

AVithout dwelling on this abstruse question, it may suffice here to

say that the mo<lem houses of the ciWlised nations of Europe and
America may be divided into two classes, namely, those which are

specially intended to receive one family only, and those which comprise
several distinct residences under the same roof. Unquestionably the

former class of houses is for many reasons superior to the latter, so far

,18 regards the comfort of the inhabitants, and, it may be more thau
suspected, as regai'ds its infiuence upon the general tone of morals, for

the love of home can hardly co-exist with life in a kind of common
hive ; but at the same time, the larger houses which it is necessary to

build for the second class admit of a bolder and more ornate style of

handling, and of the introduction of a more palatial character. It thus
happens that the houses of England and of Holland, where the first

class of houses prevails, are deficient in gnandeur of external character

;

and that those of France, Germany, and Italy, where the second class

prevails, in the hu-ge towns at least, are so much more imposiug.

It would be impossible in a short article to trace the rules which are

usually adopted iu the construction of either of these cla.sses of houses
with rcsiiect to their interior details ; because the requirements of the
tenants, their occupations, and their conditions of fortune, necessarily

introduce an endless variety ; and, moreover, the modifications of

climate itself render it necessary to adopt different arrangements in

one country from those which would prevail in another. There are,

however, some invariable rules to be observed in all good house-building,

which may be briefly stated as follows :

—

1. The external walls must be constructed of such materials, and of

such thicknesses, aa to protect the dwellers in tlie houses from the
inclemencies of the external atmosphere, and from the noise of the
streets, if possible, when the houses are built in towns. Precautions
must be taken to prevent dimp from rising in the walls by the capil-

lary action of their materials, and to prevent the communication of

fire from house to house. None but the densest and most impermeable
bricks or stones should be employed in the external walls of town
dwellings, and the most decidedly hydraulic limes should be used in

connection with them. In country districts the old half-timbered
houses may be tolerated ; but neither they nor the cob-walled houses
are desirable : in order to keep the walls dry, the eaves of the roof

must be continued downwards beyond the toj) of the wall and pro-

jected from it. As far as possible, the o|>enings for dooi-s and windows
should be immediately over one another ; and it is desirable to avoid
constructing a fire-place or flue iu an external wall.

2. The materials used in the iuterior works of houses should be of a
partially absorbent and non-conducting nature in cold damp climates

;

but in warm dry climates, on the contrary, the denser and more
rapidly conducting materials may be used. The openings made for the
sake of light should be filled in with the most tiansijarent, but also the
least diathemial, glass. As far as it is possible to secure that arrange-
ment, the oiwnings for air and ventilation should be made in the walls
exposed to the direct action of the sun's rays ; and windows looking
towards the north should be avoided, unless it be iu tropical countries.

3. The sizes and number of rooms in bouses must be regulated by
the social condition and the number of members of the families

inhabiting them, with this simple rule, which is applicable to them all,

—namely, that in the sleeping apartments, not especially provided with
apparatus for producing artificial ventilation, a cubical capacity of not
less than 700 feet should be provided for each person. It cannot,
however, be too often rejieated, that no sleeping room ought to be
constructed without some provision for the renewal of the air affected

by respiration ; and, therefore, if there should be no fireplace iu the
room, ventilators must be providetl. As a general rule, also, no
sleeping rooms should be constructed in the roofs of houses, because
the materials of which the latter are composed are not usually able to

resist the effects of variations of temperature. In the best houses, the
kitchens, sc\illeries, and offices are detached from the living rooms

;

though iu London, and indeed in tho majority of English towns, they
are commonly placed iu the b.%sements, care being taken to prevent the
smell of the cookery from pervading the house. Under all circum-
stances, the water-closets, or other analogous conveniences, must be
erec-ted in such [xirts of the building as to allow of their having fiee

communication with the external air. Wherever b,asements are used
for dwelling purposes, they ought to be constructed so as to leave at

least one-tlurd of their height above the ground-line, and to present a
clear space in front of the external walls equal at least to the depth 0{
the floor-line from the ground-level. The floor, whether of wood or or
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tone, •liuuld bo Uid hollow, and an efficient ventiUtion be eitabliahed

under it. A cle.v vpsce, or bauk yard, equal in areo to the houae itaelf,

ought to be nroTtded to all town dwellings.

• 4. The oM dndfloatiou adu|iU-<l in the metropolia, by which houses
were grouped aa lat, Snd, and 3nl rate houiea, {veeeuted some a<lvnn-

toges, at least for deacriptive purposes ; and as the minimum dimeii-

ions of rooms adapted to the respectiTe rates have been settled with a
tderable degree of accuracy, they are appended ; aa memoranda, rather
than as rules.

a. The poorer descriptions of 1st rate houses had front sitting-rooms
15 feet wide, by 14 feet long, by 10 feet high ; passages, 6 feet wide;
well-hule for staircase, 8 feet 2 inches wide ; back rooms, 13 feet 9
inches wide, by 14 feet S inches long; in all cases clear of walls
•It partitions of any kind. The basements were made 8 feet clear

height ; the bed-rooms about 9 feet high.

b. The ]ioorer deacriptious of 2nd rate houses had front rooms 13
feet wide, by 13 feet 6 inches lung, by 9 feet high ; passages, 4 feet

3 inches wide ; well-holes 5 foet 4 inches wide : back rooms, 13 feet

6 inches long, by \i feet 6 inches wide. The basements were made
about 7 feet inches hi^ ; the bed-rooms from 8 feet to 8 feet 6
inches high.

c. The poorer descriptions of 3rd rate houses were made with front

rooms 10 feet 9 inches wide, by 11 feet long, by 8 feet high ; lobbies,

3 feet wide leading to staircase, in the middle of the houses, 2 feet

9 inches wide ; and back rooms the whole width of the house by about
10 feet 6 inches deep. The bed-rooms were made from 6 feet 6
inches to 7 feet high.

5. It may be as well \o odd that, in towns, it would bo desirable to

make the width of alleys (or the passages for foot-passengers only), not
less than 15 feet ; and to limit the height of the houses to the same
fUmenaion, meastuing from the ground line to the top of the wall-plate

of the roof, when the ridge is parallel to the front; or to the top of the
jiarapet, if the root be made in the fonn known as a hipped V root.

When, however, bouses face upon streets in a continuous line, the
height may be made equal to the clear sjMce between the front walls on
the opposite sides ; but as in case of fire it is difficult to force water to

a greater height than 70 feet, it may bo 8us|>ected that the above limit

(namely, 70 feet), ought to be adopted for private residences. The
width of streets, of course, will be regulated by the amount of traffic

they arc likely to receive, but it may be said to range between 40 and
80 feet, iiicluiUng the tooti>aths.

HOUSEBRKAKINO. [Law, Ckimixai.]
HOUSE OF CORRECTION. [Pkison.]
HOWITZER, a piece of ordnance which is constructed to throw

shot and shell of a large calibre at short ranges. The gun being com-
paratively very light, the charge of powder is small, and consequently
the angle of elevation required is high. It may be considered interme-
diate between the gtm and the mortar ; though it is mounted on a gim-
carriage. It derives its name from the Germ.in word haiifen, " to fill"

The name perhaps did not at first indicate a distinct species of ord-

nance, but was applied to any gun filled or charged with slugs or case-

shot. Short guns for the cUscharge of shells were twed in Italy

in 1618 ; but they do not appear to have been introduced into
France till 1683, about which time they were also adopted in the
British service. Howitzers are made of brass and iron ; the former
forming a portion of fieldbattories, the latter of siege-trains and
garrison artillery. The brass howitzers are denominated 2i-pounders,
12-pounder8, 54-inch, and 4}-inch, from the weight of the round shot
which they will carry, and the diameters of the shells discharged
from them. The iron howitzers are the 8-inch and 10-inch. Their
lengths are respectively :

—

Iron, 5 feet, and 4 feet.

Brass, 4 feet 9 inches, 3 feet 9 inches, 2 feet 8 inches, and 1 foot
11 inches,

^e fire of shells from brass howitzers in the field is found ver}-

efTectiTe againat Tillages, stockades, palisades, to. The iron howitzers
are used in sieges, principally for Ricochet.
The modem shell guns TObdnasce] are a description of howitzer.
HUE AND CRY was the old common-law process of pursuing with

horn and voice all felons jmd such as had dangerously wounde<l
another.

Though the term has in a great measure fallen into disuse, the
proceos IS still recognised by the law of England as a means of arresting

fdou without the warrant of a justice of the peace. Hue and Cry
may be raised either by the precept of a justice of the peace, or by a
private pemon who knows of the felony; who should acquaint the
constable of the vill with the circumstances and the person of the
felon

;
thovigh, if the constable is absent, hue and cry may be made

without licence. ^Vhcn hue and cry is nused, all persons, as well
ognstables as others, are bound to join in the pursuit and assist in the
capture of the felon. A const.ible also who has a warrant against a
felon may follow him by hue and cry into a different county from that
in which the w.vrant was granted, without having the warrant backed.
The pursuers are justified in brc-iking the outer dour of the house
where the offender actually is, ami arc not liable to any punishment or
suit if it should u>pear that the hue and cry was improperly raised,

but the person railing the hue and cry wantonly and maliciously may
be sererely punished as a disturber of the public peace,

HUGUENOTS was the name given to the early followers of the
Reformed or Calvinist religion in France. The origin of the name has
been variously accounted for. It is said to bo derived from the
German word " Eidgenoaseu " (•' bound together by oath "), which was
the name assumed by the confederate cantons of Switzerland, and
which waa afterwards adopted by those citiiens of Geneva who
promoted the alliance of that republic with the cantons of Fribourg
and Bern, in op|xjeition to the partisans of the duke of Savoy, who
were called Mamclucs, that is slaves. The word Eidgenossen, being
transferred into the French language, was corrupted first into Eguenots,
and lastly Huguenots. (B^renger, ' Histoire de Oen6vc.') It is also

said to have been derived from the early meetings having been held on
a heath near Toun, haunted by the ghost of Hugo Cap^ When the
Reformation began at Geneva, the party which favoiu^ it, being in
great measure the same which had sumiorted the Swiss alliance,

retained the appellation of Eguenots, or Huguenots, and as several of
the early French reformers came from or were connected with
Switzerland, and especially with Geneva, the name spread into France,
and was applied to the ]iartisans of religious reform during the times
of religious war and persecution. The Roman Catholics used the name
of Huguenots as a word of reproach against heretics. The word is now
obsolete, and has been replace<l by that of " Rdformos," which is given
chiefly to the disciples of Calvin, while the more general name of
Protestants includes the Lutherans. The war and persecutions of the
Huguenots are matters of historj-, but a good account of those of the
Calvinistic branch h.-ui been given by Dr. O. De Felice, in his ' Histoire

des Protestants de FiTmce ilvpuis I'origine de la Reformation jusqu'au
le temp present,' 1850, of which there is more than one EngUsht ransla-

tion; ' De I'etat des Protestants en France,' by Aignan, 1818; and
Merle d'Aubign^'s ' History of tlie Reformation in the 16th Century,"

1835, &c
HUMIC ACID. [Gkin.]

HUMIDITY is that property of a substance by which it com-
municates to a body in contact with it some of a liquid which it may
have absorbed ; and the tenii is commonly appUed to the atmosphere
when it is in a state to dejiosit moisture upon bodies in it.

The humidity of the atmosphere is caused in a great measure by the
evaporation of water from the seas, lakes, &c, of the earth ; and the
quantity of moisture which a volume of air is capable of containing
depends upon the temperature : when the latter is low at any ]>art of

the earth's surface, the air mity be saturated with moistui-e so as to be
incapable of holding any more, but the quantity of moisture in a given
volume will then be Bm.iU. If the temperature be increased, the
atmosphere, becoming thereby comparatively drj-, acquires immediately
the power of receiving more vapour, and the power increases with the
temperature, so that, in a given volume of air, the quantity which
consists with the state of saturation is also increased. Whatever be the
quantity of vaix>ur which constitutes the state of saturation, if the
temperature be suddenly lowered, or if there be presented a body
which has an affinity for water, a precipitation of the latter takes place,

or water becomes absorbed in the body. [Dew ; EvAroBAXios

;

Hyokometry ; R.V1N.]

The temperature of the atmosphere over any place on the surface of
the earth diminishes as the distance of the stratum of air from the
surface increases : the power of the air to hold vapour diminishes
accordingly ; and, as a general law, it may be stated that the humidity
of the atmosphere decreases from the surface of the earth upwards.
The great dryness of the atmosphere near the summits of mountains
has been frequently remarked by travellers, but the quantity of

moisture in the diiTerent strata is, from local influences, subject to

many irregulorites. The temperature of the lower strata of the atmos-

phere diminishing as the latitudes of places on the earth increase, a
given volume of air, as a cubic foot, when completely saturated, will

contain less water as a st.ttion is farther from the equator; and the
like may be said of the entire column of the atmosphere over a station.

This may servo to account for the tiu:t that, in general, the weather
becomes fine when the mercury rises in the tube of a barometer ; for

then, by the increased density of the air, the clouds are mode to

ascend in the atmosphere to a region where, the dryness being great,

they arc readily dissipated. On the contrary, when the mercurial

column diminishes iu length, the clouds descend; and arriving near the

earth, they enter a region in which the atmosphere is at or near the

state of saturation ; when, consequently, the vapours are easily precipi-

tated. Biot observes, on this subject, that the descent of the mercury
is a more certain prognostication of rain than its ascent is of £dr
weather ; the ascent of the clouds in consequence of an increased

density of the air not being necess-irily accomi>anied by their disper-

sion. From the agitation pro<luced by high winds, the upper regions

of the atmosphere are often charged with aqueous vajwur ; and radn

may then tall while the top of me column of mercury is above ibi

mean height, and even while it is risinK in the tu>je.

Tlie atmosphere often becomes humid from the evaporation of liquids

by artificial means. In establishments for brewing, dyeing, and the

like processes, the vapours produceil from liijuids which are constantly

in a state of ebullition rise iu the atmosphere, and even render it

opaque. The breathing of men aud animals produces a watery vapour

which renders the atmosphere humid ; and when a number of persons

are assembled in a close apartment the humidity is sometimes so great
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that water flows down the walls. The leaves of plants also discharge,

in the form of vapour, the water which is imbibed by the roots ; and
in conservatories this effect is particularly sensible.

In order to determine the quantity of water which is contained in

earth when completely saturated with rain, Dr. Dalton took a quantity
of garden mould, on which rain had fallen copiously during the pre-

ceding day, and expo.sed it to different degrees of heat. When it seemed
to have about the same degree of moisture as soil at the depth of two
inches from the surface in dry summer weather, he weighed it, and
foimd that it had lost one-twelfth of its weight ; and when it hatl lost

two-ninths of its weight it seemed like the upper soil in summer. His
conclusion is that a body of earth one foot in depth, when saturated
with moisture, contains seven inches in depth of water, and that it

may lose one-fourth or one-half of that quantity without becoming
incapable of supporting vegetation.

The effects of humidity on the dimensions of bodies are various

:

when a watery vapour penetrates between the twisted fibres of cordage,
which are vegetable materials, the cordage swells out transversely, and
thus becomes shortened ; while cords made of aniTn.il substances become
relaxed by humidity and increase in length. Most salta absorb water,
and thereby increase in weight.
HUMIN. [Gein.]

HUMOPIC ACID. [HuMOPiNic Acm.]
HUMOPINIC ACID (C„H„0,„ or C„H^O,.?). Samopic Acid.

A product of the decomposition by heat of narcotine, which on being
melted and exposed to a temperature of 428° is suddenly decomposed,
with considerable intumescence, into ammonia and a brown vesicular
substance, which consists chiefly of the acid in question.

This acid fs a dark brown amorphous body, which melta on exposure
to heat, and bums with a bright flame, diffusing an odour resembling
that of narcotine. It is soluble in water, dilute acids, and in alcohol,

giving with the latter a deep red-coloured solution. With the alkalies

it forms saffron-yellow coloured solutions, which give dark brown pre-
cipitates with the salts of baryta and lead. When humopinic acid is

boiled for some length of time in water, it becomes ; insoluble in

ammoiiia, and, when added to potash or alcohol, a blackish brown
substance remains undissolved, which is probably humin. Its com-
position has not been determined with certainty.

HUMULUS LUPULUS, MEDICAL PROPERTIES OF. [Hops.]
HUMUS. [Gein.]

HUNDRED. [Shire.]
HUNDRED COURT. [Courts.]
HUNDREDWEIGHT. [Avoirdupois ; Weights asd Measures.]
HUNS, HUNNI, the name given by historians to several nomadic

Scythian tribes, which devastated the Roman empire in the 6th
century. It appears that these people inhabited the plains of Tartary
near the borders of the Chinese empire for several centuries before our
era, and that they were known to the Chinese by the name of Hiong-
nu, and also Han. They made many incursions into China, and it was
to put a stop to them that the Chinese built their great wall, about
two centuries B.C. In after-times they became divided into the
Northern and Southern Huns. The Northern Huns, being defeated by
the Chinese about a.d. 93, emigrated westward as far as the Volga,
where they met the Alanni, or Alani, another powerful Scythian tribe,

which they routed and drove beyond the Tanais, or Don. The Huns
then encamped in the plains between the Volga and the Tanais, and as
far south as the ridge of the Caucasus, where they remained for more
than two centuries. Under the emperor Valens, they first crossed the
Cimmerian Bosporus, drove before them the Ostrogoths and Visigoths,
and obliged the latter to cross the Danube, when the emperor granted
them lands in Thiace. The Huns were joined by numerous other
Scythian hordes, and were looked upon with equal dread by the Gothic
and Teutonic nations and by the Romans. Their features and general
appearance are described by the Roman historians as hideous and
repulsive, and their manners aa savage in the extreme. (' Ammianus,'
b. .31.) The description of their features seems to correspond in some
degree with that of the Calmucks of the present day. The Huns
being now on the frontiers of the empire, ha!d frequent wars vrith the
Romans, and their incursions were dreadful though not lasting.

[Attila, in BlOG. Div.] After the death of Attila the various tribes
under his sway quarrelled among themselves, and being attacked by
the Goths they were driven back beyond the Tanais. Part of them
settled in Pannonia, to which they gave the name of Hungary, but
the present Hungarians, or Magyars, come from a different and much
later immigration. The Huns are mentioned in subsequent liistory as
being sometimes at war with the emperors of Constantinople, and at
times aa their allies against the Persians. Under Heraclius many of
the Huns embraced Christianity. After that period their name is no
longer mentioned in history. (Des Oiiignes, ' Histoiredes Huns.')
HJJRIN. An acrid non-azotiaed crystallisable substance obtained

from the juice of the Hura crepitam-i.

HUSBAND. [Divorce; Separation, Judicial ; Wife.]
HUSBANDRY. The origin of the simplest arte of life is involved

in the obscurity which envelopes the early history of the human race.

Before there can be any motives to record events, some considerable
progress must have been made in civilisation. When attention is

altogether directed to obtaining the means of subsistence, there is

little leisiu-e; nor is there any great desire to communicate the know-
ABTS A.ND SCI. div. vol. IV,

ledge acquired by experience. WarUke achievements are the first

things recorded ; and the peaceful labours of the husbandman are

overlooked. In the fables which in the early ages of the world
supplied the place of authentic histories, some conspicuous character

was always made the inventor of the various .arts of which the origin

was unknown ; and to such personage a divine origin wa-s frequently

ascribed. Thus Cadmus is said to have invented letters, and Tripto-

lemus to have made the first plough.

In the oldest writings which have been handed down to us, the
common operations of husbaudry are mentioned, or alluded to, in

nearly the same terms in which we should describe them new—^the

same implements were then in use.^and the same productions raised

which are now foimd in the same climates : but they are only men-
tioned incidentally. It requires a very advanced state of the arts and
of Uterature to produce a treatise on any one practical subject ex-

clusively ; and the simpler and more common the arts, the less they
are noticed in the early literature of a nation. We have, however, no
other means of tracing the progress of husbandry than by the works of

those who have written on the subject, uutU we come to our own
times, when everything is noted and commented on, and every one who
makes any discovery or improvement is anxious that the public should
be acquainted with it. We have already mentioned some of the early

Greek authors [Arable-Land], and likewise some of the Latin authors

most generally known as having treated of husbandry in generivl.

(' De Re Rustica.') From these authors we learn that considerable

progress had been made in the tillage of the ground and in the breed-

ing and rearing of domestic animals : and it appears that wherever the

Romans carried their victorious arms, they also introduced improved
methods of cultivation. The practice of fallowing land, to restore

its fertility, can be clearly traced to them. For a long time the

Latin authors were the source from which all writers on husbaudry
derived their knowledge ; and hence many useless and absurd
rules, which wei-e connected with the pagan superstition were
perpetuated.

The Mediterranean Sea and the countries situated around it were
once the centre of all the arts, which had slowly travelled westward
from Asia and from Egypt ; and the colonies which the Greeks and
Romans planted on all the coasts of this sea, and in the countries

which they conquered, contributed to diffuse a knowledge of the

various products of the earth. The irruption of the barbarians into

the Roman empire greatly checked the progress of husbandry ; but
the destruction of the Eastern empire, while it made the Greeks

retrograde in civilisation, tended to introduce improvements into those

countries where men of learning and science sought a refuge from the

invaders.

Brituh HaAandry—The husbandry of the aboriginal Britons was
probably very imperfect before the invasion of Julius Caesar ; but we
have no records to inform us. Rural matters were of too little import-

ance in the eyes of conquerors to engage much of their attention, but

the mildness of the climate and the general fertility of the country,

induced many of the Romans to settle here; and from them
the natives learned a better system of cultivation than that of their

ancestors.

As far as we can learn from ancient documents, the land in England
formerly consisted chiefly of woods and of extensive pastures, in which
sheep and cattle were bred, which constituted the chief wealth. A
very small proportion of the soil was cultivated ; and while the popu-
lation was thin, there was no difiiculty in obtaining land which had
never before been broken uj), and which with little trouble or manuring
produced moderate crops of com. But this system could not last long.

The proprietors of land would soon perceive that the produce fell

off, and would consequently restrict the breaking up of pastures,

and thus more attention was necessarily paid to the arable lands in

cultivation.

Through the deficiency of the laws, or the difficulty of executing,

them, and the frequent intestinal wars between the barons, depredations

were often committed with impunity ; and the cultivators of the soil

congregated in villages for mutual protection and defence. The best

land nearest to the habitations was cultivated, and the common pastures

fed the cattle without much trouble or expense. The consequence of

this system was, that very little manure was made, and the cultivated

fields scarcely produced a return adequate to the expense of cultivation.

Four times the seed was a full average for com crops, and the land

was overrun with weeds after a single crop. Hence it was not an
imcommon practice to have a fallow every other year, and this was
considered a superior system to having two crops between the fallows,

which has been more common since. Wheat was very little cultivated

;

barley, rye, and oats were the principal produce.

The woods nourished many hogs on the acorns and beechmast

which abounded there, and the right of turning hogs into the king's

forests was granted tmder the barbarous terms of mattagiiim and
rooUigium.

The religious orders, to whom extensive grants of waste lands were

m-ide, greatly contributed to the improvement of agriculture. The
monks, by their knowledge of Latin, were enabled to study the

Roman authors on husbandry, and, by applying the rules and principles

which they drew from that source, they greatly improve<l their estates,

and made the land more productive ; teachiug and encouraging their

3
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Bta to MU tha land more efftwtually, thnr ^^r,- ^nn tha whole,

tan* Hkl mora inaulgent UndK'rds than tlir i (irorided they

i>«MflJ rataiMen and supplied their housvhol .^x Miii—, gtve

iteiBMlTei little trouble about anything elae. bread made of rye,

bailey, pea*, or b«aiu, waa the principal fc>od of the labouran, who
were attadMd to the soil, and had no right to remove to another place

ormm aay other matter. The immedkta tenauta of the lord of the

oil ctiHiTatad a portion of the land* which they held for their own
nee, and let the remainder to nnaller tenant*, who, althoagfa bom free,

ware little abore the condition of the Ubouren, and lived much in the

MM HMMMr. There waa ao little capital among the farmer*, that the

Ut« itook waa &«qu«atly the property of tha landlord, and waa let

with the Und, a* well a* the aervanta. A* to implement!, they were

very few in number, and nidely Wde by the farmer himaelf ; an iron

ploughaharc, an axe, and a *fat, were the principal inatniment* for

which he bad to pay.

Oxen, which ouuld bo kept on the common postureaat little expense,

were oaed for th<i plough ; and bo badly fad were they inVenetml, that

it required eix oxen to draw a plough, which barely turned up half an
aere in a nimmer'a dny. Theae oxen coDsumod all the straw of the

brm in winter, and little was left to make manure of. Horsea carried

ttie com to the mill or market on their backs, the road* being mostly

impassable for wheel carriages, which indeed were unknown in many
paria of the country.

These particulars can only be gleaned out of v.irious authors, who
incidentally mention the state of the agricultural population, and from
ancient deeds and documents.
With the revival of letters, and especially with the invention of the

art of printing, greater attention began to be paid to rural affairs : but
all the early English or foreign authors who touch on the subject of

agriculture took their notions from the Latin writers IM He Riulica,

and rather say what Hhould he done, than what really wag done.i

The first English author of any note who wrote on husbandry was
Sir Antony Fitzherbert, who boa by niiony been looked upon as the

father of English husbandry. He published his ' Book of Hiisbandrie

'

in 1528. This work throws considerable light on the state of the

fanners in those days, who, with their wives and children, worked hard,

and wer« little raised ,-»bove the common labourers, except that they
were freemen. A yeoinan who had land of his own was a very indepen-

dent man ; but his mode of living was extremely plain, and he had no
luxuries. Money was seldom seen in his possession. He lived on the

produce of his hind, and feil his labourers at his own board. Wool was
the principal article sold. The sheep were kept on extensive commons,
at little expense ; and in some places the folding of them on the land

was the principal mo<lc of recruiting it when exhaustetl. The great

difficulty wa.<< to keep them alive in severe winters, and many perished

every year. The only provender they had was hay ; and as artificial

m»s*is and turnips were unknown, natun-il meadows paid an enormous
rent, when compared with arable land. For want of winter pro-

vender for cattle, many were killed which were not sufficiently fat.

Very little fresh meat was eaten after Christnma, and every family

liad oxen and shee)> killed and salted in .tutumn to last till the next

summer.
In the time of Elimbeth some attention l>egan to lie paid to the

improvement of husbandry, but no works of any note have come down
to IIS in which we can discover th.it any considerable cliango was made
in the common modes of tillage or in the rearing and feeding of

cattle.

The situation of the fanners however ap|iears to have improved :

they began to ac<iuire wealth and to increase their doineatly comfortK.

The tmn-houses were more solidly built and commodious, liaving

before been chiefly constructed of wood, and the walU plaatered with
clay.

Cromwell encouraged husbandry, and gave a )ien«iou to Hartlib, who
published in 1641 a work on the hiisbandr}- of Flanders, and auoUier

In 1A51, called the ' Legacy of Husbandry.' Walter Bligh, the friend

and contemporary of Hartlib, published in 1052 another work called

'The Imjirover Improved.' This work is deserving of notice. It

contains very soun<l principles of husbandry, with many excellent

ofaaervations, which may be of great use even in onr days. The autlior

mentions clover as an important object of cultivation intro<luced from
the Netherlands ; and he may be oonsidercd as the first who recom-
mended sowing this pUnt for feeding cattle. Sir liichard Weston,
who soon after gave an account of the cultivation of tumiiw in Flanders,

laid the foundation of the improved system of husbandry, of which
the feeding of cattle and sheep on ttimipa in winter is the chief

fcatnre.

From that time till the present day huslnndry has Improved slowly

bat regularly. Witli the increase of population and a con8e(]ucnt

iaereased demand for the produce of the soil, there has arisen a new
IfMciea of ipeeuhttion, that of reclaiming waste lands, by which the

eatate* of many londecl proprietors have been greatly improved. But
the moat important step hsji been the gnating of long lenses to those

who were iiKlined to lay out their capital and employ their skill in

improving farm*. The security which the law give* to n leaseholder

and his independence of his Undlord, provided the rent be duly paid,

afford* the greateat encouiagement to industry ; and it will be invariably

found that the improrement of any district is proportioned to the

length of time for wUdi laaaaa kra granted thara, at a tiir anaoal rant,

without imoertain flnaa.

The spirit of improTaoMBt and tha hope of inereaaihg hie inooaM
often lead a man to miatakeD experiments and consequent loa ; bat
the experience thus gained ia always valuable to the community.
Jethro Tuli, a gentleman who had a proiwrty near Hungerford m
Berkshire, introduoed a mode of cultivation whidi wa* prevalent in

Lomfaardy, and wa* borrowed from the praotioe of gardanera, who sow
and pUnt their vegetable* in row* with wide intanala. Finding that
in rich (oils the produoe wa* much increased by atirring the earth
round the roots of plants, he formed a theory reapeeting the food of

planta, which he imagined to be extremely finely attenuated " earth."

He thought that manure* acted only mechanically, and that by oon-

timially atirring the soil it might be kept pcriietually fertile. The
attractive part of this theory was, that whereaa the *upply of manure
is limited, there i* no limit to labour, and that conaequontly an increase

of population only required an inoreaae of tillage to supply it with food.

Toll was admired, and his theory adopted dt many eminent man.
His practioal ayitem, to which the name of driU-huibaiulry ha* been
given, wia looked upon a* one of tha most important diacoveries.

Notwithstanding that hi* imagination led him too far, ho must be
considered as one of the great promoters of good huslnndty. Even
his errors have been useful by making men observe and reflect ; and
the introduction of machinea to drill the seed in rows, and of others

to clean and hoe the intervals, which he principally suggested, has been
of infinite use to Uie improved cultivation of the soil.

The rearing and fattening of cattle on the produce of arable land,

which followed the introduction of sainfoin, luoem, and other artificial

grasaea, and the ctiltivation of roots for tha lame purpose, have made a

great change in the old aystems. Manure is produced in greater quan-
tity ; the land increaaea in productive power, and wiU bear more
frequent crops of com ; better implements have been invented to save

labour and to do the woiic more completely ; and a system of draining

has been intrtxiiiced, which ha* corrected the groat fault of most strong

soils in northern climates—exoeesive moisture, which cannot evajxirat*.

Many causes have concurred to produce these improvements. At one
time high prices induced men to lay out their capital on the cultivation

of the soil ; at another, low prices stimulated in<Iustry to make up by
an increased production for a deficiency in the v-alue ; and wh.it has
contributed greatly to keep attention directed towards agricultural

improvements is, the rapid increase of the means of communicating
information by the press. Every luccessful experiment, every new
method which the inventor thinks of importance, is speedily announced
to the pulilic.

The improvements which have been made in the breeds of cattle and
sheep may be considered as entirely modon. The profit which some
eminent breeders have made, and, to some extent, still make, by their

attention and their skill, is a sufficient inducement to excite competition.

Mr. Collins and Mr. Bakewell may be cited as examples of succeeaful

attention to breeding. Mr. Collin* obtained at a ]iublio sale of his

cattle

—

For 17 cowl of all sgei £36*9
For 1 1 bulls S249
For 7 bnlUcalrcs under ono year old , . . 6ii
For 7 heifers 808
For S hcifcr-calvca ander one year . . . >06

Malting for 47 head of cattle of all age* . .£6887

And such prices have been, since his time, of late yenr* rivalled by the

sales of well-bred stock.

To enumerate the various work.i which have come from the pre<w on
subjects connected with husbamiry wouhl l>e to give a catalogue of a
large library. We can only mention some of the principal authors,

such as Lonl Karnes, Marshall, Arthur Young, Sir^lohn .Sinclair, and
Dickson. Of these, the most original author is perhaps the first.

But the works of Arthur Young are those which affonl the fullest

information on the state of British husbandrj' in the l.itter half of

the 18th century, and did most toward-i its general improvement.

The ' Farmer's Magazine,' which appeared in 1 800, and continiicx nniler

a new set of editors to this day, has done much good in disseminating

useful practice* in husbandry. British husbandry owes much to the

aeal and activity of individuals who have forme<l societies for its im-
provement. The Bath and West of England Society, which rtill exl<<ts,

and has of late years greatly extended it« o|«Tatious, has been very

instrumental in spreading the knowledge of practical hii«' ' nd
much useful iiiforiiiation is containeil in the Kepi>rt» of it^ i h.

The Highland Society of Scotland, of which all the principii
.

. t-s

and most of the Iwge occupiers of land in Scotland are members,
ha* greatly contributed to encourage experiments, and to promote
improvements in every branch of husbandly.

The Board of Agriculture, at the head of which wa* Sir John
SincKiir, the Kcalous promoter of all measures for difiiising agricultural

information, although it rather disappointed the ho|)e* and expectations

formed at its commencement, and has for some time ceased to exist,

was the means of difiiising a knowledge of the state of husbandry
throughout Britain,at the beginning of this century, by the piiblicatioh

of the Agricultural Surveys of the dlflerent counties, the siilwtancc of

which was condensed in the ' British Husbandry,' in 2 vols., publishe<l
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under the superintendence of the Society for the Diflfuaion of Useful

Knowledge. The English Agricultural Society, and the other national

agricultural associationa, have also been influential in giving a new
stimulus to the improvement of British husbandry.

To complete this short sketch of British husbandry, it only remains

briefly to mention the diflerent systems which have been most prevalent

at different times.

The first and most inartificial is that which consists in breaking up
portions of pasture-land and sowing com on a slight ploughing, which
cannot fail to be productive for some time. Several crops may thus be

taken, until the land is go exhausted, that the crop no longer repays

the seed and labour. To defer this time, experience soon pointed out

the crops which succeeded best after each other. Wheat or barley

were probably the first crops ; afterwards peas, beans, or oats, until

the ground, being ovemm with weeds, would be left to the renovating

efiisct of time, and a fresh spot would be broken up.

The first improvement on this system is that of infield and outfield.

The infield is cultivated more carefully, somewhat Uke a gai'den, and
all the dung of the cattle is exclusively put upon this part. The out-

field is a continuation of the first-mentioned system. The infield

consisted of inclosures or open fields near the dwelling, which it was
most convenient to cultivate as arable land. Thus two distinct

systems of husbandry were carried on at the same time ; and whatever
improvements were introduced in the management of the infield, the

outfield continued to be managed as it was before.

The mode of recruiting by means of a fallow lands which hod been
exhausted by crops, or were overrun with weeds, seems to have been
introduced into England by the Romans ; but appears nut to have
been practised in Scotland till the 1 8th century. The diflerencea in

Scotland of the mode of tenure from that of England, and the httle

peaceful inteicourse of the two countries, may perhaps in some degree

account for the non-adoption of the summer-fallow. The alternate

crop and fallow seem to have been later introduced than a fallow

after several crops. The triennial system, which consists of a summer
fallow, a winter crop, and a spring crop, was probably longer established

than any other, and is still the practice in many parts of England.

The deteriorating effect of the outfield system would lead to its aban-

donment as soon as population increased, and with it the want of land

for infield. The common-field laodB, which were so extensive till

within the la(t fifty years, many of which have since been inclosed

by sjiecial acts of porliainent, were probably at first only portions of

commons, which were broken up by common consent, and formed into

outfields. The right of pasture over them, after the crops are removed,
strengthens this supposition.

When common-fields are divided and inclosed, a better system of
husbandry geneftlly follows. Clover and turnips are more regularly

own, and, on Ught lands, take the place of summer fallow. Clover
generally comes after a crop of com, in which it was sown the pre-

ceding year in spring; and as most crops succeed well after clover,

wheat was usually c£oaen for the next crop as ihe most profitable.

Thus arose the Norfolk system, without any very sudden departure
from the old rotations. Two crops raised for the food of animals in

four years require more cattle on the farm to expend them profitably :

and thus more manure is made. In the light soils the sheep when
folded on the tumipe not only enrich the land by their dung and urine,

but likewise render it more compact by treading it, which is advan-

tageous to the clover and wheat which come after. If the land is a
good loam, beans are sometimes sown after wheat, the land having
been recruited with manure ; and if the beans are kept clean by hoeing
another good crop of wheat may be obtained after them. Thus arises

the improved rotation of turnips, barley, clover, wheat, beans, wheat

;

after which the land is again cleaned and prepared for turnips with all

the manure that can be spared. As in this system there is always a
crop with succulent leaves intervening between tuo which have a
white straw, it has been called the ullemaU system of husbandry.
These are the most common systems in England. The removal of the
fallow year, provided the land be kept clean, is a decided step towards
improvement. The best fannen effect this by the introduction of

artificial grasses and tares fed off by sheeji, and especially by sowing
every crop in rows and keeping the intervtJs stirred, which is a partial

fallow without losing a crop. Here Tull's system is introduced,
which in its complete state, as the author recommended it, was soon
abandoned.
As the English systems have taken their origin chiefly from the

infield cultivation, so the Scotch appear to have arisen from that of the
outfield. Fallows were unknown ; but the invigorating effect of grass
fed off by cattle must soon have been perceived ; and instead of leaving
the land to recover slowly by the spontaneous growth of natural herb-
age, which on poor land takes a long time, it was obvious that this

migift be accelerated by sowing grass-seeds. Hence the origin of the
Scotch convertible system of husbandry, which is gaining ground daily,

and bids fair, in remote situations where no manure can be purchased,
to be firmly established. The order of the conversion has been some-
what altered from what it was originally. Instead of sowing grass-

•eds after the land is exhausted, it has been found advantageous to
oeelsrate the growth of grass by manuring the crop in which it is

sown ; and experience has proved, that the richer the grass is, the more
productive are the crops which come after. The grass, instead of

being a mere substitute for fallowing and manuring, is made highly
profitable by feeding cattle and sheep; and the profit of the years
when the land rests, as it were, by being depastured, is often as great

03 that of the years when it is cropped ; and the risk and expenses are
much less. The convertible system is not very generally known or
adopted in England, and is often confounded with the alternate system.
The alternate system interposes a gi-een crop between two white-straw
crops. On good land the convertible husbandry may consist of three
or iowr years' tillage and three years' grass. If the land is not quite
clean, a summer fallow on heavy soils, or a turnip fallow on light soils,

should begin the course ; and only one crop should be taken after the
fallow in which the grasses are sown, whether it be wheat, rye, barley,

or oats. It should be fed ofT the first year, mown the second, and fed

off again in the third ; when it is broken up, oats are usually sown as

the first crop in Scotland, then beans, if the land admits of them, and
then wheat. If a fallow is intended, a crop of peas may be sown after

the wheat, and then the course begins again, as before, with a clean

fallow or with turnips. In this manner the land may be kept clean,

and continually improve in fertility by means of the cattle which are

kept upon it, without the aid of any purchased manure, except lime,

the expense of which is in most eases well rei)aid by the crop. These
are the only regular systems in Britain ; and every mode of cultivation

and cropping may be reducetl to one of them, unless it be capriciously

anomalous. Of late years Tull's husbandry, applied to the perpetual

succession of wheat crops on the same laud, has been developed and
somewhat modified ; and, now known as the Lois AVeedon system, has

been pretty extensively tried. The Rev. S. Smith, of Lois Weedon,
has the merit of having thus recalled the maxims and experiments of

Jethro Tull to the favourable notice of English agriculturists.

What renders the improved systems of British husbandry so superior

to that of all other nations is the attention paid to the perfection of

the different bree<la of domestic animals, especially the horse, the ox,

and the sheep. In this respect British husbandry surpasses every

other. No expense or trouble is sixired to inipnjve the qualities of

cattle and sheep. It has been objected, that the rewards given by
different societies for excesssively fat cattle are not judicious, as these

anim-als are never profitable to the feeder. The same might be said of

very high-bred racehorses ; they are not so useful as a good hackney or

hunter ; but unless some individual animals possess the power, courage,

and speed which is the mark of the best blood, it would soon degene-
rate ; so likewise if some oxen were not occasionally fatted to an extra-

ordinary degree, the fatting qualities of the breed could not be proved.

A badly bred ox will never become so fat, whatever food may be given

him, as one of a choice breed. This the breeders are well aware of,

and never hesitate to pay a good price for a young bull of any prize

breed.

The great variety of new iustnimeuts which are daily invented, and
some of which gradually come into use, however expensive they may
appear, is another feature in British husbandly; and the lotting out of

drills and steim threshing machines, which are kept for profit by men
who have little or no land to cultivate, is a step to that division of

labour which has done such wonders in manufacturing industry, and
which will no doubt in time do the same in the operations of husbandry.

There is a fresh spirit of improvement arising among practical agri-

culturists, and not the least favourable symptom is, that it begins to

be acknowledged that " much may yet be learned," and that " husbandry
is still ciim|iaratively in its infancy." The success at length of the

reaping machine and of the steam plough is the crowning point of its

progress hitherto ; and this, conjoined with the extraordinarily de-

veloped tr.ode in artificial and manufactiu-ed manures, is what indicates

most perfectly the energy and enterprise of English agriculturists.

Huibandry in Italy.—It might be expected that Italy would present

some remains of the Roman husbandry, but such has been the per-

nicious effect of wars and intestine commotions, that this fine country,

with all the advantages of soil and climate, is far behind less favoured

regions in the cultivation of the soil and the rearing of cattle. The
plains of Lombardy alone are an exception ; but the cultivation of

maize, the principal produce there, partakes more of the garden

husbandry than that of any other grain. The abiuidance of water

which descends from the Alpine regions fertilises a great extent of soil

by artificial channels, in which it is made to disperse itself, and produces

a vegetation which requires little assistance, except that of weeding.

Italy was however the country where, on the revival of letters, the-

first books were published on the practice of husbandry. Pietro di

Crescent!, a citizen of Bologna, bom in 1230, after thirty years'

experience in all parts of Italy, wrote a treatise entitled ' Opus Ruralium

Commodorum,' printefl in 1474. There is a doubt whether it was first

written in Latm or Italian, but it was soon translated into French and

German. The author quotes Cato, Varro, and Palladius, but nnt

Columella, who proljably was not then generally known, or perhajis his

works had not yet been rescued from the libraries in which ancient

works were long buried. In the succeeding century many of the

Greek and Latin authors on husbandry were translated and published.

Tavello, in his ' Hecordo d'Agricoltura,' 15G1, ascribes the deterioration

of agriculture to the practice of letting land for three years only, which

had been introduced very generally, and perpetuated the triennial

system in its worst form. Johannes Baptista Porta, in 1692, published

his ' ViiUs,' in 12 books, a work which has had a considerable repu-
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tattoo, and ia eoniidered by many aa itill well worth oonmiltinK. A
«Hiatiy o( authan on dUTerent part* of husbandly wrote about tbiii

tfaoa, in om—gnwioo of the frequent funinea which aroaa in Italy

from a very imperfeet itate of hiubandiy. The ' Vinti Qiomat* dell'

AgriooiturB,' Venetia, 1M9, which had been first publuhed in 1650,

under the title of ' Deei Qiomate,' went through more than twenty
•ditioai in Italy, beaidaa being often tranalated. The author ridiculed

the foolish astnjogical notiona prevalent at the time, and hie work in

full of good aenae. But all theae writers had little influenco on the

improrenMOt of the actual practice of husbandry in Italy. If a spirited

proprietor attempte<l t<> introduce improvements, the prejudices and
ofaatfaiaay of the country people soon disheartened him, and to this day
the i^atMna adopted are extremely defective, if there be any system at

an. In many plaoea the ploughman still standa on the heel of the

^ough to keep it in the ground, and a straight furrow ia not thought of.

lie earth is scratched rather than tilled ; and if good crops arise from
the natural fertility of the soil, they are generally choked with weeds
before harvest.

An attempt had been made by Leo X. to drain the Pontine marshes,

and it was renewed in 1586 by Sextus V. Pius VI. spent great sums
on the same olnect; but to this day little has been effected ; and
instead of the rartile plain which once waa covered with a golden

harvest, there ia nothing but a dreary marsh producing ]>e8tilential

vapoius pregnant with diaeaso. Sicily and Sardinia, once the granaries

of Rome, now produce only a very small quantity of com. The best

cultivated disbicts in Italy are Piedmont, Lombardy, Tuscany, and
the country about Ferrara ; but, except in the two first, they are

behind the greater part of Europe in the management of a form.

The proprietor of the land, if he does not cultivate it by his own
servants, is usually the proprietor of all the live stock and implements
of the fauni.

J/tubandrji of .Spota.—Spain poesesaea a considerable extent of

frtiitful soil, and the husbondty of the Romans, which the irruption of

the barbarians had interrupted, was in some measure revived by the
Moors. When they were expelled, Spain loet many industrious

husbandmen and manufacturerx. A work on husbandry by a Moor,
called Kbd-cl-awam, who is supposed to have lived about the 18th
century, was published with a S|>ani8h translation at Madrid in

1802, and does credit to the agricultural knowledge of the author.

The cultivation of the sugar.cane and of eafiron are mentioned in

thia work.
Herrera, who wrote on husbandry at the desire of Cardinal Ximenes,

is one of the most esteemed authors of his time. His works have been
frequently republished ; and are now in great reputation, and looked

upon as quite classical in agricultural literature. He laments that
mules arc generally used in Spain for the plough and other purjxMes
of husbandry, instead of the ox. But Herrera did not succeed in

changing the custom ; and mules are still in general use. The great

obpect of attention in Spain ia the production of fine wool ; and the
privileges given to the Hesta, a kind of corporation of shepherds, tend
greatly to retard the introduction of a better cultivation. The Merino
breed of sheep is said to have been imported originally from Britain.

Bat it is evident that, if it is necessary to its perfection that the flocks

should run over half the kingdom every year, the profit made by the
exportation of fine wool is dearly purchased by the disadvantages of a
miserable state of agriculture. Instead of, as from the character of

the country she ought, producing a superabundance of grain and sup-
plying other countries, Spain is obliged freqticntly to imiwrt com in

order to prevent a scarcity. The state of Portugal is not better, and
the vine is the only plant of which the cultivation is moderately
well understood in the whole of the peninsula.

Hutbandrj/ of Oarmanj/.—The husbandry of Oermany varies greatly

in such an extent of country. In the time of Tacitus half the country
was covered with impenetrable woods. As population extended the
forests were cut down, and the sickle succeeded to the axe. The
republic of the Swiss cantons and the Hanseatic towns gave the first

axamplea of encouragement to husbandrj-. In 1571 the work of
Heresbach, entitled ' Rei Rusticsc,' libri iv., was reprinted at Cologne.
Hereibach was bom in the duchy of Cleves in 1509, and is considered
the father of husbandry in Oermany.
Augustus I., elector of Saxony, wrote a treatise on the cultivation of

the vine, which was published in 1686, entitled ' ChurfUrsten's Augusti
su Saohsen Obsteartenbuohlein.'

In Prtiasia, MecUenbuig, and Holstein, husbandry has mode the
greatest progress in modem times. The Prussian government, from
the time of Frederick the Oreat, has taken agriculture under its

•necial protection. In Pruasia there are aeveral adioola of agriculture,
mere thia art ia taudiit on adentiflc principles, and where the practice
is ahown on large brms. That of Uogelin, over which A. Thaer
presided, becsme conspicuous from the excellent work on rational
husbandry, ' Rationellen Landwirthscliaft,' which he published. The
introduction of the Dutch system of dairying in Holstein, and the
breeding of fine horses there, has given a reputation to this part of the
Danish dominions. In Bavaria, along the banks of the Rhine, from
Basel to Darmstadt, there is a fine fertile pUin which U cultivated with
some care; and although subjected generally to the triennial system
(which is called in England the three^coune shift), the husbandry of
that part of Oermany is not to be despised. In Switicrland the

management of graas-landa and watar-maadows ia carried to great per-

fection. The cultivation of Ineam and aainfoin ia very general;

potatoes are raised to a vary oonaidsrsbla amount ; and the soiling of

cattle in the stables ia univensl. The sdentifie writers of Oeneva hav*
contributed greatly to throw light on the theory of vegetation ; and it

is scarcely necessary to mention Theodore de Sauasure, Pictet, De Csa-

dolle, ana Maoaire, as men who have contributed more than any others

to explain the functions of vegetable life.

As a practical promoter of husbandry, we cannot pass over H. de
Pellenbeig at Hofwvl, near Bern. On an estate of about 800 acrea he
put in practice nearly all that haa been written by the most esteemed

writers, taking Thaer as his text-book, and making himaelf aoquuntad
with the best modem writers. He established an agricultural echoed

for poor children, as a part of his greet plan for general education,

and his example has perhapa done more to promote good practical

husbandry in his native country than all the works of the most
eminent writers.

Belgium has always been foremost among agricultural countries. In

1600 the Flemings were considered the best husbandmen in Europe.

There are no eariy writers on hiubandry in this agricultural nation,

but all travellers besr witness to their industry and to the perfection of

their agricidture. They were probably the &nt in modem times who
cultivated tumi(is in the field to feed cattle in winter ; and who, in the

north of Europe, kept their cattle in the stables all the year round and
cut green food for them, as had been done from time immemorial in

auutihem climates, on account of the exoesnve heat of the day and the

annoyance of flies. The Belgians are now far advanced beyond most
other nations of Europe in the application and economy of manure.
They fully make up by incessant attention and inde&tigable industiy

for the uiferiority of their climate to that of Italy or Spain, and their

land produces abundontiy every necessary of life.

Hiubandry of France.—France has aJways been looked upon as a
country peculiarly agricultural. The climate, partaking of that of the

north and the south, favours the cultivation of plants both of the

warmer and of the colder regions. Charles Estienne is the first

French writer on agriciUturrd subjects whose works were published

soon after the revival of letters'; but, together with many useful

maxims which he has copied from the ancient authors, he has

repeated the most absurd superstitions. His works were collected and
published in 1564, under the title of ' Pncdium Rusticum;' and in

1565 he published his work called ' L'Agriculture ct la Maison Rus-

tique.' This work was reprinted, with additions, by his son-in-law,

Jean Libeaut, in 1570. But the author, who is still considered aa the

father of French husbandry, is Olivier de Serres, a gentleman of

fortune, proprietor of the seigneurie of Pradel, near Villoneuvo de

Berg, in Languedoc. He was a friend of Sully, the faVourito minister

of Henry IV. ; and, at his request, about the year 1 600, he wrote a

work on husbandry, under the title of ' Th6(ltre d'AgriciUture et

Meanage des Cham|>s,' a work in which he shows a thorough knowledge

of the great principles of luisbandry. Sul>se(]uent writers on agriculture

have been far too numerous to Bjjecify. Until recenUy, however, their

influence was extremely small But of late years a great amelioration

has taken place, and the desire to promote practical improvements in

husbandry appears to be stea<lily gaining ground, though the culture

of a large part of the country is still in a very backward state. Agri-

cultural schools and veterinary colleges have been multiplied ; model
farms on a very extensive scale have been established in many places

by the Oovemment, and by wealthy proprietors of land ; extensive

reclamations have been made of waste lands ; better modes of cultiva-

tion arc widely adopted, and the corn-produce has largely increased,

partly in consequence of the abolition of the corn-laws in England,

which has led the French farmer to look to the advantages offerctl by
new foreign markets, but partly also as a result of the increased

facilities offered by the construction of railways for reaching distant

home markets. Much greater attention has also been paid of late

years to improving the native breeds of stock ; and a better class of

agricultural implements is gradually coming into use.

HYACINTH, a favourite flower iu gardens, is the H>iacmlkn* orient-

alit of botanists, a bulbous plant, found wild on the mountains of

Persia, and remarkable both for its fragrance and the facility with
which it varies iu the colour, size, and construction of its flowers when
raised from seed.

Few spring flowers are more worthy of cultivation than the hyacinth,

whether we regard its varied shades of rich colour ur the sweetness of

its perfume. The Dutch gardeners have been celebrated for the liigli

state of perfection to which they grow it, and for the monopoly they

have secured in the sale of the bulbs, which have even acquired iu the

shops the familiar name of Dutch roots. The soil and climate of

Holland seem to bo pecuharly adapted to the plant, for however well

imported roots may flower in England for the first season, they soon

d<^enerate and become worthless. It is however probable that this

arises from want of skill in our cultivation, rather than from anything

unfavourable in our cUmato : for some gardeners have been successful

in growing the same roots for several years in succession. Mr. Hcrl>ert

says, " I produced for several years successively, at my villa in Surrey,

where I had the advantage of the vicinity of the fine siuid of Shirley

Common, hyacinth flowers fully equal, if not superior, to those obtained

from the b<»it Dutch bulbs." As experience is in all respects the surest
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guide, the more nearly we approach the Dutch method of cultivation,

the more likely we are to be successful. According to Mr. Herbert,

the compost used at Haarlem is rotton cow-dung, rotten leaves, and
fine sand. In making this compost the Dutch gardeners prefer the

softer leaves of elm, lune, and birch, and reject those of oak, chesnut,

walnut, beech, plane, &c., which do not rot bo quickly. The cow-dung
which they use is also of a peculiar quality, being collected in the

winter when the cattle are stall-fed upon dry food, without any mixture

of straw or other litter. The sand ia procured in the neighbourhood
of Haarlem, where the soil is a deposit of sea-sand upon a compact
layer of hard undecayed timber, the remains of an ancient forest which
has been overwhelmed by the sea. Having all these substances in a

proper state, they are prepared in the following manner :—First, a

layer of sand is placed, then one of dung, and then one of rotten leaves,

each being eight or ten inches thick. These layers are repeated till

the heap is six or seven feet high, a layer of dung being uppermost,

sprinkled over with a little sand to prevent the too powerful action of

the sun upon it. After the heap has Iain for six months or more it ia

mixed, and thrown up afresh, in which state it remains some weeks, to

settle, before it is carried into the flower beds. (' Hort. Trans.,' vol. iv.,

p. 163.)

The bed into which this compost is to be put must be taken out to

the depth of three feet, its bottom made firm, and a few stones thrown
into it in order to keep it dry. It must then be raised considerably

above the level of the surrounding soil with the compost already pre-

pare<l. The best season for planting is from October to the beginning
of November, and the early sorts planted at this time will begin to

show their flowers in the beginning of April.

Hyacinths are sometimes planted in rows or patches, but the most
common and best way is to plant them in beds, because a greater mass
of bloom is presented at once to the eye, and because it is easier to

protect and shade them in this way. In planting them in beds a great

part of the effect is produced by a judicious arrangement. The differ-

ent colours are either blended together in the bed, or collected into

masses. A mass of one coloiu: is more pleasing to the eye than a

mixture of several, and therefore each tint should be planted by itself

in the bed ; or if there are more beds than one, the first may be
planted with white, the second with blue, the third with red varieties,

and so on. The distance between each plant should be eight or nine
inches.

As hyacinths are planted in autumn, and bloom early in the season,

they never require any water. Against sharp frosts protection should
be afforded by a covering of fern or leaves. In the spring the soil

should be stirred lightly without damaging the bulbs ; and a covering

of matting supported on arched sticks should be used to protect them
on frosty nights, which frequently occur. The bulbs will generally

commence flowering in April and continue through May. As soon as

the flowering is over, the more dry the ground can be kept, the better

it is for the bulbs. When the leaves turn yellow and are withered,

which will take place in about a month after the ]>laut8 have gone out
of flower, the bulbs must be carefully taken up and dried. The prac-

tice at Haarlem is this. " The leaves should be cut off, and each bulb
laid on its side, covering it Ughtly with the compost, about two inches

thick : in this state it should be left about a month, and then taken

up in dry weather and exposed to the open air for some hours, but not
to a powerful sun, which would be very injurious to it; it should after

this be carefully examined, and all the decayed parts removed ; after-

wards it should be laid up in an airy storeroom." (Herbert, ' Hort.

Trans.') Florists who have a valuable bed of hyacinths generally use
an awning of some kind, to Bba<le them from a bright sun, and protect

them from heavy rains. This shade, of whatever material it is made,
should be so constructed as to move iip and down in favourable
weather ; in bright sunshine the bed may be exposed from four o'clock

in the afternoon, or for a few hours in the morning. If the bed is

not shaded, the colours very soon spoil, and will not bear a close

examination.
Forcing of hyacinths is carried to a considerable extent, both in Eng-

land and also on the Continent. When they are bloomed in this way,
they are either used as ornaments to the greenhouse, or ]>laced in the
lobby or drawing-room, where the sweetness of their perfume renders

them general favourites. The method of forcing them is the follow-

ing :—Good Dutch bulbs, which are annually imported, are selected

for this purpose. To save trouble, all which are intended to be forced
may be potted at the same time, and pl3ce<l in a cool greenhouse or
frame ; then aa many as are intended to bloom at once must be placed
in a gentle heat ; when their flower-stems appear, others can be brought
in which will succeed them, and by going on in this way a regular

acceabon will be kept up. The pots into which they are put need
not be large, but should be rather deep. The soil used for potting

ton either be the same as is recommended above, or a good loam
will answer equally well. In (potting, the bulbs must not be finnly
pressed into the soil, but lie rather loose, and be only about half

covered with it.

Hyacinths are frequently grown and flowered in water-glasses ; for

this purpose they are placed over water in October and November, and
they flower in February. Sometimes before they are put into the
glssswr they are planted in pots, and when the roots have grown a little

VMJ are token up and washed, and placed in the glasses, or they are

placed in the glasses at first. The water must be frequently renewed,
or it will soon become fetid and oflTensive. . By far the most curious
system of treating forced hyacinths is to invert them in large glass jars

filled with water. This must be done when the flowers are nearly
expanded ; and by placing one above the glass, of the same size and
colour with the inverted one, the latter presents an appearance of

being the reflection of the former. The flowers retain their freshness

much longer in the water than when exposed in the common way ; but
this circumstance, and the curious appearance presented, is all which
can recommend the system ; of course the fragrance of the hyacinth is

in this way entirely lost. "The principal diiJiculty that ia experienced
by those who force hyacinths in water in sitting rooms is to prevent
their growing long, weak, and pale, so as to flower badly, and be in

constant danger of upsetting. This is remedied by keeping them close

to a window, where they can be constantly exposed to bright light all

day long. It may also be added, that in order to secure their pushing
out their roots before the leaves lengthen, they should always be kept
in the dark for a fortnight or three weeks after they are first placed in

the water-glasses, care being taken at that time that the water and
the bulbs are not in contact. The moisture that rises into the air

will be suflBcient to induce the bulbs to put forth roots ; and the

total absence of light will prevent the leaves from being stimulated

into growth.
Varieties are obtained from seed, and particular kinds are propagated

by offsets. With the greatest care in gathering the seed, it is very
uncertain whether or not the young plants raised from it will turn out
well ; however, the best sorts to gather seed from are those with strong

upright stems, semi-double flowers, and brilliant and distinct colours.

The seed must be well ripened, and then sown in good sandy soil,

rather lighter than what is recommended for hyacinth compost. The
young plants so obtained must not be disturbed or taken up until the

end of the second, or, if they are weak, the third year; all that they

require during that period is a Uttle top dressing. They may then be
taken up and planted in the bed, where they will require the same
treatment as old roots ; they will flower in the third spring, but it

is better to destroy all the flowers of the first season, in order to

strengthen the bullM.

HYADES. [Taurus.]
HYDANTOIC ACID (C.H.N.O, ?). An acid product of the action

of concentrated caustic potash ujwn allantoin. Its existence can
scarcely be said to be established

HYDA'TIDS {uiarls, a vesicle, from 6Sup, water). This name has

been applied to various cyst-like productions, which are sometimes
found in the bodies of men and animals.

The term hydatid is of the most indefinite application, for under
this common denomination are included objects of the most dissimilar

nature. In the first place, the term comprehends several species of

entozoa, or parasitic animals, which have a distinct independent

vitaUty ; secondly, the simple unattached cysts which are frequently

met with ; and lastly, what have been called false hydatids, which are

vesi^lar bodies, either entirely or partially connected with the tissues

by^dch they are surrounded.

Hartmann in 1686 (' Epheni. Nat. Curios.,' Ann. iv. dec. 2, obs. 73),

and Tyson in 1691 (' Philos. Trans.,' No. 193), first clearly observed

that many of the bodies, or cyst-like tumours, called hydatid.-!, were
distinct living beings, or parasitic animals. They arrived at this con-

clusion from observing that they had no connection with the organs in

which they were found, that some of them distinctly moved when
placed in warm water, and were also furnished with projecting pro-

cesses or heads, having an orifice or mouth at their extremity.

Morgagni and others have thought that some of the ancient medical

writers, particularly AretaJUS and Galen, were acquainted with the true

nature of these bodies ; but nothing of the kind is clearly stated in

their writings, though they often mention the occurrence of hydatids.

The discovery of Hartmann and Tyson was taken little notice of

before the time of Linnicus and Pallas, who pursued the investigation;

since which time these beings have occupied the attention of many
naturalists, among whom may be mentioned Hunter, Miiller, Qoeze,

Cuvier, Laennec, and Rudolphi, who have all admitted the animal

existence of the greater part, if not the whole of them. Pallas arranged

all the cystic entozoa, except the common globular hydatid, or

acephalocyst (which was only considered as a simple serous cyst before

the time of Laennec), under the genus " Ttenia," on account of the

similarity of structure between their mouths and those of the tape-

worm. In this classification he was followed by Oocze. Although

these views were not generally adopted, it has been recently established

by Kiichenmeister Von Liebold and others that the various forms of

cystic worms are but larval stages of Tsenia. [Entozoa, Nat. Hist.

Div.]
Hydatids are found principally in the bodies of mammalia ; rarely

in those of the lower order of animals. They may occur in any j)art

of the body, but are very seldom seen in the mucous cavities and
passages, except when they have been discharged into them by the

rupture of their containing cyst. This external sac, by which they are

mostly surrounded, is generally attached to the tissue of the organ in

which it is seated ; it is frequently common to many hydatids, but

each individual may have a distinct envelope, in the interior of which

it floats, and to which it never contracts any adhesion. The fluid
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wkieh filU th« proper cvat of » hyiUUd ia almoat alwan colourieM

•B<4 Umi>i<l. Tbe uquia ut Uia oommon ejrtt in wbioa tbay float

May pnaent varioua appaaraaoaa : aometimaa it ia qait« liiiif>id ; at

aUiara it may b« oolourad. Whan formed io the liver it ia often

jallow.

The prinoipal funna of oystio tntoaoa, or true hydatida, rcoogniaad by
Rudolptii and othen are called Cyatioeretw, (Vnunw, and Echino-

eoeoua; to which may be added Aaephalooyatia. Several ai*eciea

of Cyatioeroua are enumerated, but the meat oommoo are C. tenuioollia,

and C. ecUuloaua. The former (Ticnia hydatigena, PaUai ; Hydatia
gioboaa, Lamardk\ i« met with freciiimtly in the iwrituiieum and pleura

of mmioating animaU and (•igs. It is uft«n generated in the diaaaae of

keep called the rot, where another entoaoou, the " diatoiua," or fluke-

worm, ia mot with in the duota of the liver. The C. oelluloeua (Tnnia
ealloloaa et T. finna. Om. ; Uydatia finna, Bium.) ia found generally

lodged in the tiaaue of the muaolea between the fibres ; it occur* aome-
timea in man, but more frequently in animala, particularly in tha hog,

where it cauacs the diaeaae called meaalea or laproay. Of the genua
Cmunia (Hydatia polyoephalus, Ztdtr), the speoies C. oerebralia

(Ttenia Teaicularia, Guix ; T. oerebralia, Oom. ; Polycephalua ovicus,

Btdtr) ia found in the brain of sheep, oxen, and other ruminating
«"<"»«*« Theee hydatid) occur in various parts of the brain of sheep,

but meet frequently in one of the lateral veutricles, where they occasion

a kind of giddmeaa, in which the animal turns rotmd and round in one
direction ; this aSiection is <iruuniinat<xl by the Ueniian tanners " daa
Drehen," by the French " le Tournis," and in England the sheep are

aid to be " giddy," or to have the " staggers."

Sometimea the hydatid is situated in the fourth ventricle, when it is

aaid to cause a variation in the affection, called in German " das
Springen," from the animal springing up. Rudolphi says that be has
seen the latter variety occur when une large hydatid has occupied the
middle part of the brain. In the first case onehalf of the body is

rendered partially paralytic from the pressure of the hydatid on tho
aide of the brain, and the opposite muscles by their action turn the
body round towards the unaffected side. In the latter form of the
diaeaae, Kudolphi says that the equilibrium between the anterior and
posterior muscles of the body is destroyed, which causes the animal to
spring up. Sometimes two hydatids are found in the same ventricle,

aind occasionally aa many as five or six have been met with. The
internal aurfcce of the ventricles is always smooth, and never contracts

any adhesion to the cysts. This hydatid is sometimes found as large

aa a hen's egg ; the wuls of the bladder are very thin and fibrous ; and
may be seen clearly to contract. The little worm-like bodies attached
to it are scarcely half a line in length, and have the power of retntcting

themselves within the cyst. These hydatids are most generally met
with iu yearling cattle and sheep, and their production, or that of the
state of health which gives rise to them, seems owing princi|>ally to

the effects of cold and damp, and watery pasturage, which also

occasions the rot in sheep. The beat treatment is removal to a dry
and sheltered pasturage. In some cases sheep have been cured by the
extraction of the hydatids by the operation of trepanning. Whenever
any of these forms of hydatids are swallowed by man or the lower
animals they proceed to develope themselves into ttpe-worms.
Tho hydatids belonging to the genus Echinococcus are commonly

colled granular hyilatiils, from the presence of numerous granules or

minute particles, which are young hydatids which float in the fluid of

the cyst or adhere to its walls. Two species of Echinococcus have been
particularly described : one called E. hominis, has been met with in

the brain and abdomen of man in a few instances ; the other, E.
vetcrinorum, occuni more frequently in the hog and other auimnls.

The Acephalocyst, or common globular hydatid, to which it is

thought by some that the name of hydatid should be restricted, is a
aimrae unattached vesicle, varying in size from a millet-seed to a child's

bead, filled with pellucid fluid, furnished with no kind of appendix or
head, generally associated with numerous others, and contained in a
oommon cyst, which is also filled with fluid. These bodies seem to

poawss a proper vitality, though <ler>endent for cxistonce on the body
of the animal in which they live. They are probably undeveloped or
abnormal forms of the more definite species.

Hydatids may be developed slowly, and occasion so little incon-
venience, that persons in whom they have been discovered after death
may not have suspooted disease of the organ in which they existed
during life. Occasionally they cause so much irritation that suppura-
tion may take place either around or within the common sac, which
may bunt externally or into a serous mucous cavity. In either the
firrt or lost cose the hydatids will be diachai:ged, ana the patient may
recover ; but if the cyst should communicate with a serous cavity, as
the peritoneum or pleura, fatal inflammation will occur.
With re(i>ect to the treatment for the prevention or removal of

hydatids, it is very imperfect. As they generally occur in a cachectic
or disordered state of health, those remedies may be given which are
ma«t likely to remove thU state and improve the general health.
Whan a hydatid cyst ia situated so near the siufaoe of the body that
it may be easily evactuted, without risk of eSVision into the internal
serous cavities, it may sometimes be punctured with propriety, which
operation will cause obliteration of the sac. (Worms.)

Faeudo or (alas hydatids are simple serous cysts or veticlea, either
occurring singly or aggregated in clusters, but in both oaaea having a

mora or ba close connection with the subjacent tisauas, from which
in iMt they grow. Tha vesicles often found in the choroid pleznsea

bahmg to this class ; also the cysts which contain the fluid in ovarian
drap^, which may grow to an enonnous aae. Lastly, one of the moat
common dtuations for thsae false hydatids ia in the utcrua, wher*
they are described aa " vesicles of a round or oval ahape, with a
narrow stalk to each, by which they adhere on the outside to one
another." They may here inoreaae in such numben aa to diatend
the uterus till it is too large to be contained in the pelvia, and riasa

into tha abdomen. These cysta may be developed in many other
situations, and contain fluids of various chanctsia. For further
information reapecting them we must refer to a yijtm by Dr. Hodgkin,
in ' Med. Chirur. Trans.,' vol. xv., p. 206.

HYDRA (constellation, tSpot in Ptolemy), the Water-anaka, one of
the old constellations. From the time of Aratus downwarda it has
always been a triple figure : a long snake, represented as trailing ujion

the ground, bears upon his back a cup (Cr^er), and nearer to uia tail

is seated a crow (Corvus). The mythological meaning ia altcgethor
unknown.
The great length of this constellation has caused it to be divided

into four ports, which are deugnated as Hydra, Hydra et Crator,

Hydra et Corvtis, and Uydrae eontinuatio. The first contains the head
and body up to about 10^ hours of right ascension, all near to and
south of the bright star liegulus ; the second contains the cup aud the
parts of the body adjacent ; the third the crow, with the parte of the
body adjacent; and the fourth (beginning at about 13 hours of right

ascension) contains the t'lil. Fur the third port see CoRvrs. In
Flomsteed's catalogue Hydra and Hydrse eontinuatio are treated in all

respects as two distinct constellations, with (.!orvus and Hydra ct Crater
intervening, Mr. Baily, in his new edition of the catalogue, haa
treated the two as .one constellation, and niunbered the stars accord-

ingly, making 1, 2, &o., Hydnc continuationis to be iS, 46, &c.,

Hydne.
Htora.

No. in Catalogne

No. in Catalogue of British

Character. of Flamiteed. Auociation. Ms^itad*.

8 4 2901

V 7 2945
c 11 2971

IT 16 8082
8 22 8146
a 30 8223
1 85 8308
K 88 3311
A 41 3478

M 42 8568

Hydra et Ckater.

No. in Catalogue
No in Catalogue of Britiih

Character. of Flamsteed. Auociation. Msfnltude

a 7 3768
/S IX 8826
• 14 3881

7 15 3883
I 21 3943

C 27 3978

Character,

7

Hydr£ Continuatio.

No. in Cataloguo

No. Ia Catalogu* of Britiab

of Plsnutoed. Aisociation.

2 4450
5 4685

Magnitude.

3'5

4

HYDRACIDS. Acids have been divided into oxacids and hydraclds.

In the former, an elementary body is combined with oxygen as the
supposed acidifying principle ; and in the latter, a substance, luiually

an elementary one.Is imited with hydrogen as the imaginary acidifying

power.

The class of hydracids contains some which h.ive been already
treated of, as hydrobromic and hydrochloric acid ; othera remain ia be
described. With r«ii)ect to the general pn)pertie«<if hydracidB, it iii;iy

be remarked th.'«t their acidity is in general very strongly niark^M
;

that they contain only one equivalent of hydrogen, and tluit wlan
acted upon by metallic oxides they lose their hydrogen by its com-
bining with the oxygen of the oxide, and the results an water and a

haloid salt : thus, to put one of the most familiar cases, when hydro-
chloric acid is added to soda, or the oxide of sodium, the result in not

a hydrochlorate of soda, but chloride of sodium and water. When,
however, hydrochloric acid is united to baaes which contain no oxy-

gen, then real hydrocfalorates are the result : thus, ammonia, which is

a powerful alkaline base, combines with bydrodiloric acid to form
hydrochlorate of ammonia, or sal ammoniac. So, also, when the same
acid unites with morphine, or any other oxygenous vegetable alkaloid,

it is admitted that the resulting compound is a hydrochlorate of mor-
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phine, although this alkaline base and many other vegetable alkaloids

do contain oxygen.

Most of the hydracids are gaseous, and are easily combined with

water, forming solutions which possess the well known and strongly

marked acid properties of sourness, acting upon carbonates, and red-

dening vegetable blue colours. They are all artificial products, except

hydrochloric acid, which is sometimes disengaged from volcanoes.

The usual method of obtaining hydrochloric acid, as well as other

hydracids, ia that of treating a compound of the radical of the acid and

a base with an oxacid and water, that generally used being sulphuric

acid. Thus, as already mentioned, hydrochloric acid ia obtained by
acting upon chloride of sodium with hydrated sulphuric acid ; the

water suffers decomposition, and its oxygen combines with sodium to

form soda, while its hydrogen unites with the chlorine, giving rise to

hydrochloric acid ; the soda combines with the sulphuric acid to form
sulphate of soda. This may be taken as a type of the general action.

HYDRAMIDES. A class of organic compounds which may be
described as diamides, derived from the action of ammonia upon the

aldehydes. Hydrobenzamide may be taken as a type of these bodies

;

It is formed by acting with ammonia upon oil of bitter almonds :

—

3
l-i.Usl^j I ^ 2JJH, = 6H0 + N,

j
(C,,Hj)H

<
,^

' '

^^ i-v
Oil of bitter illmbnds. Ilydrobenzamidc.

The hydramides are neutral cystallisable substances, insoluble in

water, soluble in alcohol, and volatile without decomposition.

The following is a list of the principal hydramides :

—

Salhrdramide , . . . • C«,II,,N,0,
Aniahydramide C^gHg^NiO^
Cinnhydramide C54U«4N2
Farfuramidc , . . • . . CqqHkNsO^

HYDRANZOTHIN. [Carbamic Acid.]

HYDRARGETHYL. [Okoanometailic Bodies.]

HYDRAROOBENZAMIDE. Synonymous with Mercury bemamine.

[Benzoic Group. Bemamide.]
HYDRATES are compounds of water : the term is however usually

restricted to compounds which contain water in definite proportion,

which water does not impart regularity of form, or in other words give

crystals with the body with which it so unites. Thus when water is

added to potash it may form with it either water of solution, water of

ciystallisation, or water which constitutes it a hydrate. If we take a

solution of potash and evaporate it to a certain extent we obtain

crystals of potash ; heat these and the water of crystallisation is

expelled, but no heat whatever is strong enough to expel the whole of

the water, and the kst remaining portions form with the potash a

hydrate, which is a hard substance totally devoid of crystalline form.

So also when water is added to lime, a portion dissolves ; crystals

however of water and lime are obtained with difficulty, but hydrate of

lime ia the well known dry powder called slacked lime.

It appears therefore, from the above statements, that water of solu-

tion has comparatively little affinity for the substance with which it is

combined ; water of crystallisation has more, but water which con-

stitutes the botly a hydrate has the greatest affinity of all.

The water with which substances combine often imparts colour to

them ; thus sulphate of copper when deprived of water is nearly

colourless, but when dissolved in water it becomes of a fine blue

colour. Water of crystallisation produces the same effect. So also

oxide of cojipcr is of a black colour, but the hydrate of oxide of copper

obtained by adding potash to a solution of copper is of a beautiful

blue coloiu-.

HYDRAULIC ENGINEERING. The branch of the arts of con-

struction which is more especially connected with the resistance to the

mechanical action of water, or with the use and ajiplication of that

fluid to the various purposes of life, is usually known under the name
of " hydrauUc engineering." The objects comprised under this general

title are not only numerous, but they are extremely complicated, and
of the highest imi>ortance to nations where civilisation has been long

and successfully developed. So complicated, indeed, arc the objects

the hydraulic engineer has to deal with, that there is hardly a branch

of the applied sciences he may not from time to time be obliged to

enlist in ms service; and a mere enumeration of the various leading

divisions of his art will suffice to prove the wide range of study it is

necessary for him to cultivate. The divisions thus referred to have

been, or will be, treated under their respective heads in this

Cfidopiedia.

TM hydraulic engineer, in fact, has to execute the works required

for Um construction of Bridues, especially in so far as the foundations,

ooffar-damii, &c., are concerned ;
for Breakwaters ; Canals ; Docks

;

Dhaihaoc; Embankuents, in water; Fount.uns; Irrigation; Light-

HousKs; PiiHs; Ska Dkfknces; SEWERAtiF ; .Water Supply to
Towns ; Watbb-Wheels ; Wills ; or indeed for any purpose wherein

it may be neeenaiy to control or to use water in large bodies. There

is little scope tor the exercise of taste in these matters ; they are

nearly all within the domain of exact science ; and no doubt their con-

tinually increasing importance in our modem societies has contributed

to establish the distinction which now prevails between the pursuits

of the architect and of the civil engineer ; for the latter comprises
amongst its varieties that of hydraulic engineering.

HYDRAULIC PRESS. This powerful engine was first suggested
by Pascal, based upon the hydrostatic principle of Jtuiditij, or the pro-

perty of transmitting pressure equally and freely in every direction by
which a liquid becomes in the truest sense of the terra, a machine.
The hydraulic press consists essentially of a solid plunger, ^j, working

through a water-tight coUar in a small cylinder, at the bottom of which
is a valve c, opening upwards, and conducting by a pipe into a cistern

of water. In the side of the small cylinder is a channel, furnished

with a valve o, opening upwards, and leading by a pipe K into a large

cylinder B, in which Li inserted a ram, passing through a water-tight

collar n. The top of this ram is usually furnished with a plate forming
the bottom bed of the press, moving in, and surrounded by, suitable

frame-work. Now supposing both the cylinders c B with the connect'

ingpipe K to be filled with water, and the plunger p to he forced

down from the top to the bottom of the small cylinder, the pressure

thus produced will be transmitted by the water, through the pipe K to

the ram in B, and according to the principle of fluidity [Htdrostatics]
every scjuare inch of the section of the ram will be pressed upwards
with a force equal to the downward pressure on each square inch in

the section of the plunger /). For example ;—if tlie diameter of the

section of the i-am be twenty times that of the plunger, the iipward

pressure of the ram will be 400 times the downward pressure given to

the plunger. Of course the pressure on the ram will be communicated
to the bottom bed of the press, and any object placed upon it so as to

be enclosed between it and the top of the frame will be compressed.

The extent to which the ram rises in the large cylinder must depend
upon the relation of its diameter to that of the plunger. The plunger

in descending its cylinder, displaces as much water as is equal to the

volume of the portion that descends, and this water being driven

into the large cylinder B, which is already quite full, the ram must rise

through a height sufficient to afford room for the water which is thus

forced into the cyUnder, and the rise of the ram will clearly be less

than the descent of the plunger, in the s.ame proportion in which the

sectional area of the plunger is- less than that of the ram. If, as already

supposed, the section of the ram be 400 times that of the plunger, the

ram will rise through the 400th of an inch for every inch of descent

made by the plunger. When the plunger is drawn up the cylinder

preparatory to another stroke, the valve c opens, and admits a quantity

of water, equal to the ascent of the plunger. And to prevent the ram
from falling during this operation, the valve o is placed so as to inter-

cept the water. When the plunger is again driven down, the pressure

closes the valve c more firmly, and opens o. At r is a valve closed by
a screw, communicating with a pipe that leads to the cistern in which
the pump is immersed. When it is required to relieve tho ram from
pressure, and cause the bed-plate of the press to descend, this valve is

opened, the ram descends, and the water from B is driven back through
K, and through the pipe by which r leads into the cistern. When the

press is used for very intense pressures, there is danger of bmrsting

some parts of the machine, so that to prevent the pressure from
excee<ling a certain quantity, a safety valve i is provided. This valve

opens outwards, and is closed by a weight attached to the longer arm
of a lever, so that when the pressure transmitted to the ram exceeds a

certain quantity, the valve opens and relieves the press.

As the pressure communicated to the ram acts with equal intensity

on the interior of the large cylinder B, the water which communicates
the pressure seeks to escape by the joint or collar through which the

ram passes into B. To make sucli a joint or collar water-tight was the

difficulty from the time of Pascal until that of Brainah, who in 1796
took out a patent for a water-tight collar, and thus made the hydraulic

press an available engine. The collar is formed of a piece of strong

leather in the form of a disc with a hole in the centre, and doubled
down at the edges so as to form a ring, with the concavity downwards
as shown in section n. As this collar exactly fits the ram, the water

when pres.ied upwards enters the concave part, and presses it against

the ram on one side and the surface of the cylinder on the other, so aa

to produce a perfectly water-tight joint, which has the merit of being

more completely water-tight as the pressure is increased,
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HYDRAULIC RAM. [Htdbodysakics.]
HYDRAULICS. Tlut branch of adence w)>ich includea the pbe-

nomeiu of Suidi in motion, and the modes of obtaining from tnem
tuefiil reaulti. It ii usually limitad to what ore called inoompreisible

fluids or liquid*, and may relate—1st, to the laws of the aflluaBce of

water from a renrroir ; 2dly , to running-watan ; Srdl^, to the lue of

mtar a« a motive power ; 4thly, to ''''^i'"" for raising water. For
the theoretioal part of the subject w« refer to Htdrodtvamics. Its

apiiUeatioos will be found under Htoravuo Psm; Puup; Stpbom ;

Screw, Abcbiimokax ;WAm-WHUU. ;Water-Macbi.ne ; TDRBtxt,fto.

HYDRIDES. Oompoonda containing hydnigen in combination

either with an dement or a compound radical, but not forming an

integral part of a compound radial, are termed ky(lrida. Thus the

bodies (CA)H and AaH, are termed respectivelv hydride of mothyl

and terhydnde of ataenic ; but the compound radical methvl (C,H.) is

not termed a hydride, because in ita relations to other bodies it pUys
the part of a simple or elementary substance. [Organic Radicals.]

The term hydride, as applied to the inorganic compounds of hydrogen,

has almost become obsolet<>, other forms of nomenclature being almost

exclusiTely used for such compounds. Thus we do not call the com-
pounds of hydrogen with sulphur, nitrogen, and chlorine, hydrides,

but sulphuretted hydrogen, ammonia, and hydrochloric acid. On the

other lund, the term hydride has received very extensive application

in naming organic compounds, amongst which we find hydrogen
luited, in the aenae above described, both with positive and negative

radicals.

BffdritUs of Potitite RadicoU.—These bodies, isomeric with the

poaitive radiols themselvea, constitute an important class of hydro-

aarbcoa. They are met with amongst the products of the destructive

diatiUation of organic substances, and can also be formed by two other

reactions, namely :

—

1st. By heating the potash salts of certain acids with excess of

hydrate of potaw. In this way hydride of phenyl [Benzole] is

produced by heating benzoate of potash with hydrate of potash :

C. >°.°.}o.

Benzole.

+ 2K0C0,

Hjrdrate of

potash.

Benxoateof
potash.

2nd. The hydrides of the positive radicals are formed by the action

of water upon the zinc compounds of the positive radicak, thus :

—

C.H,|+ HO = ZnO +

Zincmeth]:!. Hydride or methyl.

The following are the principal known hydrides of positive

radicals:

—

I. Ik ths Btbtl Faxilt.
Formnle

Hydride of methyl, or light carburettcd hydrogen

Hydride of ethyl
'^*°*

|

Hydride of amyl ^"h" }

II. In THS PnXTL FaMILT.
C H )

Hydride of phenyl, or bensole "n' I

C H 1
Hydride of toluenyl, or tolaol "h' I

C H 1
Hydride of enmenyl, or enmol "ll" I

C„H,,j
Hydride of eymenyl, or eymol

They are also very prone to change into isomeric compounds. With
the bisulphates of the alkalies thev form crystalline compounds. They
are powmul reducing agents, throwing down metallic silver when
heated with the solution of the ammonio-nitnte of that metal.

_

The following are sume of the chief hydrides of negative radicala :

—

Some hydrides of positive radicals are gases, others liquids or solids.

nay are remariuble for their stability and resistance to chemical

gents. Paraffin probably belongs to thia class of organic compounds.

fffdrida of Negative Badiadt.—Theae bodies, commonly tenued

mUJtydtt (from alcool dthydrogaiatum), are intermediate between the

lenhnli and the derived acids, thus :

—

Alcohol. Aldehyde. Acetic acid.

They are generally formed by the action of oxidising agents upon
the alcohols ; ccnanthylic aldehyde is obtaine<l by the dry distillation

of castor oil, whilst a few others are met with ready formed in essential

oils. The hydrides of the negative radicals are as remarkable for their

inatability as these of the poaitive are for the oppoaite property. They
XMidly attract oxygen from the air and pass mto the corresponding

adds ; thoa, vinic aUehyde paaaea into acetic acid :

—

AUebyde.

+ o. = •'•=.°.}o.

Formute.

C.

I. In nu Acme FAHtiT.
Fo

Hydride of ethyl, or aldehyde .... ^•''>^«
|

Hydride of propionyl * 'g' 1

Hydride of butyryl *^'"'h* }

Hydride of raleryl
C,,H,0, 1

Hydride of o-nsnthyl
Cn"isO« l

Hydride of palmilyl
C„H,,0,

|

II. 1* THE Araruc Famut.

Hydride of acryl, or acrolein .... * *q*
|

III. Ix TUI Bsiiioic Fahilt.
Ci.H.O.l

H J

H /

Hydride of benzoyl, or oil of Utter almonda

Hydride of comyl, or cnminol .

Acetic add.

Descriptions of the positive and negative hydrides will !» found

under the respective railicals.

HYURINDIN. [iNDidc]
HYDRIODIC ACID. [loDraK.]

HYDRO. A chemical prefix, see Chemical Nomenclatcbe. No-
mendature of A cidt.

HYDROBENZAMIDE. [Benzolonr; Htdbamides.]
HYDROBENZILE (C,,H„0,). A product of the action of sulphide

of ammonium upon benzue. It is a colourless crystalline body, soluble

in alcohol and ether, insoluble in water, fusing at 117* Fahr., and dis-

tilling unchanged. It possesses an odour like that of oil of bitter

almonds. [Bexzoic Group.]
HYDKOBEXZOINAMIDE. [Benzoinamide.]
HYDROBROMIC ACID. [Bbomine.]
HYDROCARBONS. This name is applied to a very numerous

class of chemical compounds consisting of carbon and hydrogen. The
chief hydrocarbons whose constitution is well known are the monatomic
and biatomic radicals, the double radicals, and the hydrides of the

monatomic radicals. In addition to these, however, a host of other

similar compounds of less certain constitution are met with amongst
tiie products of the destructive distillation of animal and vegetable

substances ; the illuminating effect of coal gas, for instance, is due
exclusively to certain gaseous and volatile hydrocarbons, whilst coal

tar and wood tar are rich in the same class of compounds.

A large number of hydrocarbons, of which olefiant gas may be taken

as a type, contain an equal number of equivalents of the two elements,

their composition being expressed by the general formula CnHn, n re-

preaenting an even number, as 2, 4, 6, &,c. Two other families contain

an excess of hydrogen; these are represented respectively by the

formula CnHn -t- 1 and CnHn-<-l. Another class, tto which benzole

belongs, has the composition CnHn— 6, whilst naphthalin seems to re-

present a similar family of the form CnHn— 12. Other hydrocarbona,

of the form CnHn— 1 and CnHn— 7, appear also to exist, althouj^

they are less extensively knowTi than the other families. As regards

iheir state of aggreg<ition, some hydrocarbons are gaseous, as defiant

gas, otherH li(|uid, as l>eu7.ole, and others solid, as naphthalin and paraffin.

The hydroc-u-bons of the form CnHn and CnHn— 12 are readily acted

upon by chlorine, bromine, and other agents ; whilst the ^milies

CnHn -I- 1 and CnHn + 2 are remarkable for their great indifference

towards chemical reagents, a characteristic which has given to one of

them the name paraffin. [Oboa.mc Radicals ; Hydbides.]

HYDROCELE (from M«p, water, and ittiKt), a tumour) is a collcctinn

of watery fluid in the tunica vaginalis testis. It is characteri8e<l by
the formation of a tumour, which enlarges gradually without heat or

pain, haa a pyriform shape, is firm and elastic, often wppeara trans-

parent when a light is placed behind it, and does not, uke a hernia,

diminish in size when the body is in a recumbent posture, nor commu-
nicate any impulse when the patient coughs. In most cases the fluid

collects without any distinct cause ; but in some it follows rapidly

after an injurj' of the part. The quantity of fluid which accumulates

varies from a few ounces to four or six pints. The disease often occurs

in those who are otherwise in perfect health, and in persons of all ages;

it may be seated on one or both sides of the body. The treatment

consists, Ist, in the evacuation of the fluid by tapping; and, 2nd, in

preventing it from accumulating again by exciting such active inflam-

mation of the oppoaito surfaces of tiie tunica vaginalis as may produce

their adheaion and the obliteration of the cavity. The latter purpoae

is generally fulfllled by the injection of some stimulant fluid, or the

introduction of a foreign body into the cavity.
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HYDROCE'PHALUS (from Simp, water, and KtipoKfi, head), water

in the head, is a name applied to two diseases nearly peculiar to

infancy and childhood, which are distinguished as the acute and the

chronic. These diseases differ entirely in their nature. Acute hydro-

cephalus is a disease rapid in its course and essentially inflammatory in

its nature, and of which the effusion of fluid in the head is but one,

and that not a constant effect or concomitant. To constitute chronic

hydrocephalus (an affection which may last many years), the only

essential condition is the accumulation of a watery fluid within the

skull, which may or may not be caused by or attended with inflamma-

tory action.

I. Acute hidrocephahis is a most frequent and fatal disease of the

early stages of life. It occurs most commonly between the first and

the eighth year, and corresponds in, a great measure to the inflamma-

tion of the brain (phrenitis and arachnitis) of later years.

The rapidity of the disease when once formed, and its frequently

fatal termination, render it a matter of the greatest importjince to

detect its first or premonitory symptoms. But these, which it fre-

quently falls to the lot of the parents and friends only to observe, are

unfortunately seldom so marked as to be thought to demand medical

aid, and are indeed with gieat difficulty distinguished from the

symptoms of other affections of far less formidable nature.

The child is jjerhaps liable to momentary giddiness while moving
quickly, is fretful and nervous, and its rest is disturbed ; it loses its

appetite, its bowels are costive, and the motions offensive. The eyes

become heavy and very sensible to light, the face is pale, and the fea-

tures devoid of animation. There is more and more indisposition to

motion ; the little patient complains of heaviness of the head, and loses

its strength ; its gait is unsteady. Of the above symptoms, those

referrible to the bowels are frequently most prominent : purgative

medicine is given, and sometimes relieves the symptoms for a time.

The child may remain in this state for several days or weeks without

anything more than heaviness or slight pain in the head being com-
plained of, and without any fever ; but when the symptoms persist

after purgative medicine has acted, they should be looked upon with
apprehension ; and if there be no known cause, such as the presence of

worms in the intestines or the eruption of a tooth, to account for them,

they should be closely attended to from the commencement.
The symptoms more surely indicative of the disease are more in-

tense pain in the head, to which the child constantly carries its hand

;

intolerance of light, sound, and motion ; squinting ; heat of the head

;

knitting of the brows ; disturbed sleep, with grinding of the teeth, the

child frequently waking with a scream ; the pul.se being at the same
time slow and irregular, and not quick as in fever from worms or

teething. The appetite is lost, the evacuations from the bowels are

unhealthy, and vomiting ensues. The abdomen, if previously dis-

tended, now falls in and becomes quite flat Stupor, interrupted by
screams, follows. After these symptoms have contiaued for some
hours or days, there will sometimes be a temporary recovery of sense

;

the child will see, hear, and know its friends, and will take its food
;

but this promising state is soon interrui>ted by convulsions of the

whole body, or of one aide, paralysis of one side, return of the squinting,

complete loss of sight and hearing, and inability to swallow; still

greater emaciation ensues, the breathing becomes irregular, the ex-

tremities cold, and death follows.

This is the more usual course of the disease ; it then generally lasts

ereral days or even weeks. But it in some instances comes on sud-

denly, and proves fatal in a few hours. In other cases the symptoms
are less severe and more prolonged ; and chronic hydrocephalus gradu-

ally developes itself.

The appearances which are fotmd in the brain after death are con-

gestion of the blood-vessels, effusion of serum mixed with lymph in

very variable quantity between the membranes at the base of the brain

or in its cavities, and softening of the substance of the brain itself,

particularly of those parts of it .which form the floor of its cavities or

ventricles. Sometimes there is merely effusion of clear serum, some-
times no effusion, but merely softening of the cerebral substance.

Catua.—Children of scrofulous diathesis, or of irritable tempera-
ment, and those of precocious intellect, with a large head, are most
subject to this disea.se. It may in fact be essentially regarded as a

dispute of scrofulous origin. Scrofulous children should be as much as

possible guarded from agencies likely to excite increased flow of blood

to the brain, such as cold or external violence to the head, the influence

of the sun, the suppression of eruptions of the skin, and particularly

of the scalp, the use of narcotic remedies, as opium, too great excite-

ment of the mind, and the early exercise of the intellectual powers.
The treatment must vary in the different stages of the disease, but

will generally consist in endeavouring to subdue inflammatory action,

in i^moving any causes which may, directly or indirectly by sympathy,
keep up irritation of the brain ; and lastly, in the latter stiges, in

supporting the strength of the system.

In order to suljdue the disease in the inflammatory stage leeches

should be applied to the temples, and some have even recommended
the abstraction of blood from the jugular vein. Active purgatives

should be administered, and the circulation should be controlled.

Mercurials were formerly recommended, but the fact of the origin of

tbia diaeaae in a icrofulous habit has led to a considerable modification

of this pntctice. When the active symptoms have been subdued, an
ARTS AJID 8C1. DIV. VOI- IV.

alterative com-se, consisting of iodide of potassium with slight tonics
have been found most beneficial.

*

Spurious hydrocephalus.—There is a form of disease to which child-
ren are liable, and which has been called spurious hydrocephalus, which,
with symptoms closely resembling the above disease, comes on, never-
theless, in an opposite state of the system. It arises from depletion,
loss of blood, or active medicines. In these cases active remedies
speedily destroy the life of the child. Dr. Watson states that as these
cases are very difficult to distinguish from those of acute hydro-
cephalus, he is guided by the state of the unclosed fontanelle. If the
unclosed fontanelle be convex and prominent, he regards it aa indicative
of the acute form of the disease ; but if it be depressed and concave,
he prescribes a better diet, ammonia, brandy, and aiTow-root, instead
of depletants.

2. Chronic hydrocephalus.—The disease to which this name is applied
is correctly denominated water in the head, being always accompanied
vdth a considerable collection of watery fluid in the cavity of the head,
sometimes within the membranes of the brain only and exterior to the
organ itself, but more frequently in the ventricles or cavities of the
cerebral hemispheres, which are then distended to the form of a sac
The quantity of fluid is sometimes so great as to cause an increased
size of the skull, amounting to great deformity ; the face, remaining of
its natural size, appears disproportionately small. The disease gene-
rally arises before or very soon after birth ; and the cranial bones not
being completely ossified at the time of its commencement, they
become separated to a distance from each other, and the sutures re-

main open for a long j>eriod. When the disease comes on after birth
its early progress is very insidious.

Sijmplmm.—The intellectual faculties are always deranged, and the
senses generally more or less di.sordered ; there is usually impaired
vision or blindness, with squinting ; speech is imperfect ; the voluntary
power over the hmbs is parti.illy lost, giving rise to au unsteaily gait,

as a frequent symptom. The digestive functions, respiration, and
circulation, are in most cases unaffected until near the termination of
the disease. The unfortunate patient is sometimes the subject o£
occasional epileptic fits. In the latter stiges of the disease the loss of
intellect and of the power of motion increases, till at last complete
coma and paralysis ensue.

The duration of the disease is extremely various. It may terminate
fatally even before birth, or the child may live for many months or
years. A man named Cardinal, the subject of water in the head, died
a few years since at Guy's Hospital, aged thirty-two years : and a
woman is mentioned by Gall and Spurzheim aa having lived to the age
of fifty-four years, though after death four pints of fluid were found in
her head. >

The amount of fluid accumulated in the brain or its membranes is

as various as the duration of the affection. It may not exceed half a
pint or a pint, or it m.ay reach the quantity of several pints. In the
jiatient Cardm.il, ten pints of fluid were contained in the head. Cases
are recorded in which as many quarts have been found.

C'aiw«.—The children of scrofulous parents, and those of a rickety
diathesis, are most prone to chronic hydrocephalus. Any causes acting
on the mother so as to interfere with the proper nutrition of the foetus
may produce it. Sometimes several children of the same jxirent are
similarly affected from birth. Chronic hydrocephalus may be left as a
consequence of the acute disease.

Treatment.— In the m.ajority of cases medical treatment is quite
iweless, except iu the e,irly stage of the disease, and when it has come
on subsequently to birth. If there are symptoms of subacute inflam-
mation existing, the means calculated to subdue this are used with
benefit. The next great object to be effected is to remove the accu-
mulated fluid. This may be attempted by internal remedies supposed
to accelerate absorption, or it may be effected by puncturing the head.
The latter operation has been performed at different times by many
surgeons, and in numerous instances with success.

HYDROCHLORIC ACID. [Chlorine ; Jlydrochloric octd.l
HYDROCHRYSAMIDE. [Chrysammio Acid.]
HYDROCYANALDIN (C„H,,N.). A product of the action of

hydrocyanic and hydrochloric acids upon aldehyde-ammonia. When
these bodies are gently heated together they form alanin [Alanin], but
without heat the reaction produces hydrocyanaldin :

3 ^'"'h'} + "C.NII + SIICl = C,,n,,N, + 2NH,a + 6H0

Ilydrocyunic Hydrocyanaldin.
acid.

Hydrocyanaldin is a neutral, insipid, and colourless crystalline sub-
stance. Heated with potash, it disengages ammonia, whilst the solution
becomes brown from the separation of resin of aldehyde.
HYDROCYANHAKMALINE (CjoH^N^O,, C^NH). An organic

base composed of harmaline and hydrocyanic acid. It is best obtained
by dissolving h.irm.aline in a weak IxiUing solution of hydrocyanic acid,

and then filtering whilst hot. As the liquor cools, the base crystallises

out in thin rhomboidal tables, soluble in water and alcohol. It forms
very instable salts with acids, which readily decompose into salts of
harmaline and free hydrocyanic acid.

When nitroharraaline is treated in the same way, it yields another
.1 n
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cnnrta1Kn« haw, Hfrlroet/anihnitrelkarmalint, baving th« forattbk (ChH„
{So \Sj).. (',NH». [Harmaline.]
HYDKu'rYANIC ACID. [Ctakoobs.I

HYUROCYAMO • NITBOHARMALINK. [ Htdroctak-rarma-
U!CB.1

HYDRODYNAMICS. Under thia word are asually eompreheuded

Um ooDflitioiis of eqailibrium and of mothm in non-eUstio fluida, with

Uie reautanoaa which tli<*y oppow to bodiw morini; in them. When a

fluid ii in a atate of tv.st, the inreatigation »{ itH equilibrium and that of

bodiea immened in it, n-ith the inreatigation of the nreaaura exerted by
the fluid on bodiea immersed in it, or containing it, form the eubjeota of

bydroatatioa. Hydrodynamiea, which wiw formerly included under the

term k^rruUia, is oonoemed ohioSy in inveatigating b^ mathematical

reasoning, or in showing from olkserratiou and experiment, the laws

—l»*irfl to the diaehaige of fluids through orifices and tubes in vessels

or laaniTuils, and to their motions in i-analH or rivern.

Conosming the laws of the motions uf fliiids as they were known to

the ancieota, little can be said ; the only notice of this branch of

dance, even in the time of the Koman empire, is contained in the

treatise ' De Aqanductibni<,' which was composed by Frontinus, in the

reign of Nerra or Trajan. This writer shows that the quantity of

water issuing from an orifice depends on its magnitude, and on the

height of the water in the reservoir above the orifice ; and ho states

that a short tube applied to an orifice permitted s greater discharge of

fluid than oould be obtained from a ample perforation of eqiud dia-

meter. He appears, however, to be unacquainted with the manner of

determining tie velocity when the height or head of the water is

given ; anil it is not certain that this elementary proposition was

•olved till the time of Torricellius, who, in 1643, assigned the law

oorrectly, for that case only, however, in which the aperture is very

•mall compared with the height of tlie w.-vter in the vessel or reservoir.

It appears that, even at the end of the Kith century, the cause of

the ascent of water in pumps was little known ; for Qalileo, having

oeoaaion to make some observations on the phenomenon, could give no

better reason for it than that it was caused by an attraction which he

supposed the piston exercised on the water ; and not being able to

make the column of water follow the piston when the latter was about

34 feet above the surface of tliat in the well, he attempted to explain

the circumstance by saying that the weight of the column was then so

great as to overcome the attraction of the piston. We are indebted to

Torricellius for the discovery that the rise of the water is owing to the

pressiuv of the atmosphere on tliat which, in the well, surrounded the

pump, and which is thus forced into the l).-UTel, in consequence of

the removal of the internal air, till the weight of the column raised is

in equiUbrio with that pressure. [Barometkh.]
OastelU, a disciple of Oalileo, m his treatise 'Delia Mestiro dell'

Aoque Correnti ' (1628), appears to have been the first who applied

hilDself to the investigation of the motion of fluids in rivers; and,

together with several other circumstances relating to such motion, he

hows that when the bed of a canal whose transverse section is variable

baa taken a permanent form, the velocities at different sections are

inversely proportional to the areas of those sections. This branch of

the science was subsequently much cnltivatwl in Italy, probably on

account of its connection with the important oi>erationa then in pro-

gress for improving the navigation of the Po anil draining the marshes

in the northern part of that country. The Marquis Poleni wrote, in

1696, a work entitled ' De Motti Aqua: mixto
;

' and, in 1718, another

concerning the flow of water through orifices and short tubes ; and

nnmerous works containing the results of their investigations, and

experiments relating to the s-ime subjects, have been made public by

other distinguished Italian mathematicians.

The • Principia ' of Newton contains (lib. ii., sect. 7) a series of pro-

poaitions concerning the motions of fluids. In the first edition (1687)

the law of the velocity of water flowing from vessels, being founded on
experiments made with orifices of considerable magnitude, appearc<l to

difler from that which had been observed by Torricellius ; but the

discovery of the rma eontraela, which was intrwluccd in the second

edition (1713), explained the reason of tlie apparent discreponcy.

Newton also investigated the resistance of fluids to bodies moving in

them ; and it may lie said that his theory forms the groundwork of all

our knowledge concerning that subject.

Daniel BOTnoulli (in 1738) was the first who applied the higher

branehes of mathematical analysis in the investigation of general eqiut-

tions relating to the problems of hydnxlynamics ; ami though objections

were made to the principle which he adopted, yet tlie independent

investigations of succeeding mathematicians have only confirmed the

results at which the former had arrived. The subject was taken up in

1744 by D'Alembcrt, who, assuming that the motion of each hori-

ontal lamina of fluid in a veaael, during its descent in consequence of

the efllux from the orifice, is compoimded of two motions, namely,

that which it had at the moment prucrding any given time, and that

which is subaequcntly lost, arrived at equations ront-iining, in the

impUeil form, all the circumstance* attending the efllux at the orifice.

And, Bubaequeutly, he investigated corresponding equations from the

iiniption, first, that a rectangular canal supposed to exist in a fluid

yam which is in equilibrio iviteelf in equilibrio ; and aeoondly, that a

molecule of fluid supposed to be inoompressible retains the same volume
under a diflbvnt fonn in {nasiiig from one place to another.

Tlix rfvu-nrchea of Euler, Ia Orange, La Place, and other (Continental

I ms have, since, contributed graaUy to establish the prin-

i I
' science on an analytical baM. The laws of the motions

of fluids in canals and riven were, with every possible precaution to

ensure aoouraey, determined experimentally by the Abb6 Boeant in

1771, and by the Chevalier Du Buat in 1786.

In inveatigating the cireunutanoea attending the dischaige of fluid*

through orifloes it is usual, aooording to the theory of ParalUium of
Simla, U> suppose the fluid to l>e divided into an uflnite number of

indeflnitely thin Uminn perpendicniar to the axi* a b {fij. 1) of the

vessel in which it is contained, and that in the descent of the fluid

these laminae pre8er%-e their parallelism till they come near the orifice,

when they assume the shape of a funnel, about which the fluid is

stignant. In the process immediately foUowng, let the vessel be

cylindrical or prismatical, in a vertical position, and have an orifice

at B. Now if pp'<l'<j be such a lamina, its distance from a being

expressed by x, and its area (perpendicularly to the axis) by a, we shall

have a.rf.r for the volume of the lamina; also D l>eing its density, we
have a D <tr for its mass. The force with which this lamina tends

downwards is its gravity, and the resistance experienced in the descent

is the excess of the pressure from Iwlow upwards over the downward
pressure of that above the plate. It .'/ represent the force of gravity,

then D ag dx is equal to the action of gravity on the plate in its deseonj:,

that is, the xceight of such a lamina.

Let p represent the pressiire exerted downwards by the water above,

against any elementary portion of the lamina ; then, the pressure of

the water at the u])per .ind under surfaces of the lamina being pro-

portional to the depth of those surfaces below a, pi- dp acting upwards

may represent that of the water below : hence the resistance of the

water below the lamina will be a dp ; and therefore the motive

force by which the lamina descends will be ga vdx—a dp. This

being divided by the mass of the latter will (by mechanics) give

navdx—adp gt>dx—dp
oraodx vdx for the accelerative force of deaoent.

rfr

But in variable motions the accelerative force is expressed by -v-

dx
,

(r being the velocity and t the time) ; or, smce f= jT t the accelerative

drx d*x gndr— dp
force is expressed by -jjjj : therefore ^ = ~^^ •

• But the quantity of water flowing through the orifice at B in any
given time being evidently equal to that which would pMs through

the srace pff f(q, whose depth is dx, in the same time ; if r be the

velocity of a particle in its descent tlirough the depth pq or dr, and a

that of a particle in the orifice, we shall have, in the element dt al

, , ,- , , • . , a'udt
time (a' being the area of the orifice), a udt= adx, or dx=

;

J. a'dndt
whence, considenng o, o and dt as constant, we get d'x= —

:

tPr
whidt, being substituted in the above equation for -r;, we obtain

gpdx-
vdx

-<fp .^ a'dudt , , , , ''•'^

dfi= - - --, or ay Da.r—oap=Da'rfM ^.

^ ^ dx
Bat the equation a'««rf/=a<u; gives —r

V a'' u du

o'a
therefore the la.«t

equation Incomes gBdx—dp^

- + oonatant; whence

whose integral is gnx-j,

Da"

2 a'

p — gDx— 4 —J w'n + constant.

Let .r=> (=aB) and o = o', then

p=gDh—ioti^ 4- constant;
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and subtracting this equation from the preceding, we have

a''
o=gx— ^-^ ti?— rjh + iu'.

This expresses, according to the theory of Jiuid threads, the relation

between the velocity u and the difference between the weights of two
filaments of the fluid having unity for the base of each, and whose

a'-
heights are A and x. When a:=o, the equation becomes o= —

a
~ m°

— ffA+Ju"; or considering the orifice as infinitely small so that a'

and the whole first term of the second member vanishes, we have

o= — jrA -f 4 M- ; whence it= \/2 [/h.

Now gh expresses the weight of a prism of fluid having unity for

the area of its base and whose height is h, h being the vertical distance

of the surface of the fluid from the centre of gravity of the orifice,

which is called the " chari/e of icater " on the orifice ; and this is the
pressure of the fluid against a small orifice at the bottom of the vessel

:

but, while the height h is the same, the pressure is the same whatever

be the position or inclination of the orifice : therefore ^2 gh will ex-

press the velocity at the same depth, whether the orifice be at the
bottom or side of the vessel. By tlie theory of dynamics this is equal
to the velocity acquired by a body in descendiug by gravity through a
height h, equal to that of the column of fluid, the orifice being infi-

nitely small.

It may be concluded from the above theorem, that the velocity of a
fluid spouting upwards through an orifice in a vessel would cause it to

ascend to the level of the upper surface of that in the vessel, if the
resistance of the air and of friction were abstracted. Hence we see
that if Q= waste of water per second, m = a constant coefficient, d the

surface of the orifice; then <i= mud=md V2gh. Now m is found to

be always =-62 in orifices with thin walls; hence <j= 4-98v'A. In
orifices with a cylindrical spout, 3 or 4 times the size of the orifice,

we shall have w = 82 -/i gh, and the !f(w<«= Q= '82rfv'2sA= 6-58V2A.
It follows, also, that the velocities of spouting fluids, at different

depths below the upper surface, are proportional to the square roots of
the depths ; that the quantities of fluids discharged in equal times at
different depths in the vessel, the latter being congtantli/ full, are to one
another in a ratio compounded of the areas of the orifices and the
square roots of the depths ; and the quantity of water which would
be discharged in a given time t, through an orifice o in a vessel kept

constantly full at the height h, is expressed by a' t V 2gh.

The velocity » or V 2gh expresses the length of a cylinder of water
which would flow through the orifice in one second ; consequently the
time of discharging, from a cylindrical or prismatical vessel, the area
of whose base is a and whose height is A, a quantity of water equal
to that which the vessel will contain, the latter being however kept
full during all the time that the water is flowing, wUl be found by
making ah equal to a't\/2gh; whence t (the time required) =
a k

a'^2g'
'^^^ ^*'"® oi gu 32-19 feet, or 38628 inches; and in these

values of « and t it is evident that the areas and height must be of the
same denomination as g.
When a vessel is suffered to discharge itaelfgradually, the velocity of

the effluent water diminishes continually. Now if .r be the depth to
which the water has descended at the end of the time t, K being the
whole height when the vessel is full, h — x will be the height of the

fluid at that time ; and we shall have V 2jr (A — x) for the velocity in
the orifice. This may be supposed constant during the time d t, and
then the quantity of fluid discharged in that element of time would be
equal to o' ci < V 2j (* — *). In the time of tliis discharge the upper
surface of the fluid will descend through the depth d x ; therefore the

area of the upper surface being a, we have adx = a' dl \/2g(h — x),

adx
and at= . .^ . ^j::^^: • If the vessel is an upright cylinder or prism.

a is constant, and the integral of the expression is (

=

2o

a'^ig
2a

+ constant. But, when ar=o, we have t= o; therefore o= —
aW-i.g

2a
VA + constant; whence <= -—;z;r (v7t— -^h—x): which, when

a'V2g
a 2h

'= A, becomes (= ~> \ ~
i
and comparing this with the time in

which an equal qiumtity would run off', the vessel heiruj kept full, it will
be fouftd to be duMe the latter.

Next, if it were required to determine the quantity of water which
would flow through an orifice of finite magnitude when cut in the i

vertical side of a vessel which is kept constantly full, it must be
jobserved that the velocity of the efiluent fluid at different pomts in the

depth of the orifice varies as the square root of the distance of the point
from the upper surface. Now let a B ( = h) be the vertical height of
the water in a vessel in one side of which is formed the orifice whose
axis is c B, and imagine the horizontal ordinates at m and n to bo drawn

'

indefinitely near each other. Let c B= A', c to= a;, the ordinate at m= y

,

nva = dx : then ydx is equal to the elementary area of the orifice

;

and the water flowing through the area in the time t, being that which

is due to the height Km, is expressed hy ty dx ^/ 2y{h' -t- .r) ; which,
being integrated between .r = o and x = h — h', would give the
quantity of water discharged through the whole orifice in the time t.

If the orifice were rectangular, y would be constant : suppose it = 6

;

then the indefinite integral would be ht\l2gj (h' + x)^ dx, or

\bt v'2 </ (7/ + x) '^, which (between the said limits) becomes 1 5 i s/Zg
3 3

(A 2 — A'-) : and if the orifice extended from the bottom to the top of

the vessel, having then x= h, or A' = o, the expression would be

I
Ji V2ff.A^. If a rectangular orifice of the same form and magnitude

were situated at the bottom B, with its longer side (= A) horizontal,

the breadth 6 being very small in this, and also in the preceding case,

the quantity discharged in the same time t, the velocity of the effluent

water being now equal in every part of the orifice, and being that
3

which is due to the whole height A, would be expressed bj b t s/ 2g h^.

The discharge found above is manifestly equal to two-thirds of this

quantity.

In the second book of the ' Principia,' Newton shows that all the
particles of water issuing from an orifice in a vessel do not pass per-

pendicularly to the side or bottom in which it is formed, many of

them converging towards the orifice in every direction ; so that after

passing it they form a stream of diminished breadth, which he called

the vena contractu. The section of the vena contractu may be taken as

equal to 5-8ths of the actual orifice, as has been shown by Mr. Rennie,
in his ' Report to the British Association,' for 1834.

M. Sav&rt has demonstrated the existence of certain eddies formed at

the orifice by the issuiug jet, caused by some water above the orifice

trying to get out and coming into contact with the resisting walls, and
by some water below it being moved by the falling mass above it, thus
producing a set of forces acting by couples. Hence the issuing water,

although it always has its motion of translation perpendicular to the

resisting surface, has, besides, a rotatory motion caused by these

eddies. The irregularities of this rotatory motion then tend to cause

a disintegration of each successive section ; and hence, between the
thicker or normal drops there come out smaller ones, thus forming an
irregular stream of varying width. Sav&rt has shown that each drop is

formed by an annular enlargement at the orifice, which is propagated

along the jet and causes this disintegration by a succession of such pulsa-

tions. The number of these is probably directly as the velocity of the
jet, and inversely as the size of the orifice. .It is remarkable that these

pulsations are continuous enough to cause a clear musical note ; and if

with any instrument we produce the same note near, the pulsations

become very regular, but cause no change in the amount or velocity of

emission. When the orifices are not circular, curious variations in the
geometrical figures, representing the sections at diff'ereut distances from
the orifice, are produced.
When, again, a rising column of water impinges against a horizontal

plate, we have a remarkable appearance,— namely, a sort of disc of

water, of which the interior is a transparent sheet, and the outer rim
is a streaked space, along which lines of fluid stretch out and fall back
in a very fine spray. The pulsations here, also, are very regular, and
produce a musical sound. The relative size of the striated part to the
whole varies with the position of the intercepting solid. When a
certain distance is reached this part vanishes, and we have a wholly
transparent sheet. The forms also vary very beautifully, according as

the plate is perpendicular or oblique to the issuing jet. M. Savirt has
also given some curious results on the subject of the clashing together
of two liquid veins, which we have not room here to describe, but
which will be ^ound in the ' Annales de Chimie et de Physique,'
vol. liv. ; and a brief summary in Pouillet's ' Traits de Physique.'

We have been recently enlightened as to the phenomena of issuing
jets by the researches of MM. Savary and Magnus. Bidone asserte*!

that the spir(d form of the jet Wivs illusory ; but Savary, when account-
ing for the curious dilations which he calls ventral segments, showed
that the efflux itself gives a vibratory motion to the liquid veiu, thus
causing the protuberances in question. Prof. Magnus, in the ' Phil.

Mag.' for February and March, 1850, regards every jet as composed of

an indefinite number of united jets. He then examines the enect pro-

duced by the collision of two equal jets, coming centrally in opposite

directions. These, as we should suppose from SavArt's experiments,

spread out at the confluence into a flat plate perpendicular to the axe.s

of the jets. When they meet obliquely, but centrally, they form a fl.it

plate, not circular, but oval. Tliis also we should imagine d priori ;

for the force of each jet may be resolved into two others, one parallel

to the plane bisecting the angle between the jets, and the other per-

pendicular to it. The latter causes the elong.ation of the plate in a

plane perpendicular to the direction of the force, as in the former case.

When the water thus spreads out laterally, its motion does not cease,

but the plate, by its cohesion, conti'acta in width, and collects into two
new jets converging to one another. These then throw oul a new
plate perpei.dioiuar to the first, and the same process is repeated,

forming thus a succession of elliptic plates in perpendicular plaues, like

the liuks of a chain.
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Again, if two jets meet obliquely, but not oentnlly, the liquiH plnte

b still formed , but it ia no longer flat, being twitted by iUi cohesion

with the uniuii>eirc(i parte of the jeta.

From these two Urt caaee especially, ProL Magnus has shown the

funuation of a single jet from an orifice to be due to the claahing of

several jets at the rout coMtracIa, thus throwing out between thorn a

iJate uf on elliptic fonn, and so on throughout Uiv whole liquid vein.

The chain morenuttt uf the jet thus produced is eauly cuuvert«d into a

ipirtU one by any slight impediment at the orifice, or by currents, even

my alight, in the oistem, since nil motion whatever of water in a

eiatora Meosonfy rMolves itself into rotatory motion ; because all other

motiflBi are destroyed br the sides of the vesseL Besides this, even

wltsn there is ptrfeet stillnMS in the water of the cistern, rotation will

take pUee at an orifice, by reason of the motion of the earth. This is

well iUustrateil by Foucault's pendulum experiment. [Oyboscofb.]

It is evident from this, that everything on the earth's surface has (wo

motions rtlatirtly to tke tarlk—namely : one round the earth's axis in

24 hours ; and another round an axis in itself, and parallel to the

former, in the same period. The latter, in the case of a vessel of water,

is resolved into two, one parallel to the liquid sur&ce, the other per-

pendicular to it ; neither being visible, because the vessel and every-

thing eUe have the same motion. The horizontal rotation, in the

latitude of Great Britain, will be about ^ per minute, so that the

liquid has the rotation about its vertiaU axis. This will be abundantly
officieiit to show the cause of the tpiral motion of the issuing jet.

Prof. Magnus, by introducing a tranquiUiter,—that is, a Ian con-

risting of four radiating plates,—in order to destroy the effect of this

rotatory motion on the jet, succeeded in showing that, in this case, no
entral.segments or any other irregularities were produced,—perhaps

not even the vena contracta; but the issuing column was perfectly

mooth and uniform. M. Plateau, however (' Phil, ilag.,' Oct., 1S56),

denies this statement,and shows, by reference to his celebrated method
of destroying the action of gravity on fluid veins, that a liquid cylinder

is in stable equilibrium when its length and diameter do not exceed

the limit of 3 and 3'C, being in unstable equilibrium beyond this limit,

to that it is ruptured spontaneously into a series of isolated spheres

with alternating spherules. This efliect of the formation of various-

iced spheres is well shown in the fusion of a platinum wire by a strong

dectiie current. The wire is first elongated, and then, by the rupture

of equilibrium of the parts, resolves itself, just as a liquid jet, into

spheroidal particles.

Lsutly, with regard to the formation of the vena cimlracta in such
cases, we shall see that it must be formed, if we consider the theorem
of Torricclli, as correctly representing the approximate velocity of any
affluent jet. By tlus theorem, aa before shown, we have the velocity

at the orifice given by the equation v^=^«, where < is the distance

from the surface to the orifice. Now, g is about 32'2 feet for the

latitude of I«ndon : hence r'=64'4 x «

.-. V = 8026 X VT
But it is shown by experiment, that this theorttte velocity (given by
substituting any value for ( proper for the vessel in question) is

14 times the actual velocity, or this latter is ] of the former ; so that

we moat reckon the actual height of the surface, not from the orifice,

but from the vena contracta itself, in which case Torricclli's theorem

it in accordance with experiment.

The distances, measured on a plane passing through the base of a

vessel, to which fluids will be projected from orifices at difi'crent

dn>ths in its side, may be easily determined (the resistance of the air

b^ig neglected) by combining the action of gravity on the {mrticles of

fluid after they have left the orifice with the velocity communicated
to them in consequence of the pressure arising from the depth of the

orifice below the top of the column ; and the path of the fiUuuent may
be shown, as in the theory of gunnery, to be a i>arabolic curve.

The results of experiments tend to show that, when the height of a
1 of water in a vessel and the diameter of an orifice in its base or

tida are given, the discharge of water through an ajutage, or tube

inttrtcd in the orifice (it^ length not exceeding three or four times its

diamatar), i> to that through the simple orifice, nearly in the ratio of

13 to 11 ; and it is observed that, with a given diameter at its farthest

extnmity, the tube which is formed to coincide as nearly as possible

with the natural flgtu^ of the vena contracta aflbrds the greatest

ditchaige. When the tube is fixed vertically in the base of a vessel,

the efTect it increased in projKirtion nearly to the length of the tube

;

ainoe the velocity at the lower extremity of the tut>c is that which in

doe not merdy to the height of the fluid alrave the base uf the vessel,

but to the height above the extremity of the tube. Again, if a short

tab* be applied horizontally to an orifice in the side of a vessel, the

part nearest to the vessel having the form of the vena contracta, and,

tram the narrow part of the tube, diverging conically to the opposite

and, the discharge of water is found to be more abundant than from a

tube whose form beyond the vena contracta is cylindrical. For when
the water has filled the tube, the cylindrical stream through the

contracted part communicates its motion laterally to the rest of the
water, till it causes the whole to acquire the same velocity. The
quantity diachaned in this case, oom{Mired with that discharged from
a cylindrical tube, it considered to be nearly in the ratio that the

: of the conical tube at its extremity heart to that of the vena

di»chtr(«d 6] quarts in 100 tec

SI

»3

contracta. The following is the result of tome experimenta on this

subject, showing the uao of an ajutage :

—

A veswl with a simple bole

A Tcastl with a pipe wkoae IcngtliB]
dlsaMten of the bole

A vessel with the tamr pipe inserted

onljr half va^ in the hole .

When the bottom of the vnsel = the

parahoUo curve dewribed by the

parttdn
^'ith a beU-mouth added to thi> . . „ a msxlmum.

It is customary to expreas the slope, or inclination, of a pipe or canal,

when uniform, by the quotient arising from the division of the vertical

height of one end above the other by the whole length. But, in the
cose of a reservoir, as a B, having a conduit-pi[)e D E ; let A a' be the
sur&ce of the water, and E, in the horizontal line F E, be the lower
orifice of the pipe. Then, if a'o express the height due to the observed
velocity at K, o p will be the height neoeasaiy to overcome the friction in

the pipe, and — is considered at the efliective slope.
DK

The passage of water throtigh long pipes is greatly retarded by
adhesion and friction in the interior, by the resistanoe experienoed
where bends take place, and by the disengagement of air, which
remaining stationary in the pipes when the latter are laid along a leveV

surface, or rising to the higher parts of any vertical bends, omrases an
obstacle and sometimes entirely arrests the motion of tne water.

Experiments alone can, at present,.afford information concerning the
amount of the retardation in pipes of given lengths and diameters ; and
those which were conducted by the Abb<S Boesut at Hezi^res in 1779
are the most complete of any which have yet been made. The water
was allowed to flow through pipes whose diameters were Ilinch and
2 inches, and whose lengths varied from 30 to 180 feet. They were
chiefly of tin, and were inserted in the side of a reservoir in which the
water during any experiment was always kept at one height ; which
was either 1 foot or 2 feet above the axis of the pipe. The general

rules deduced from the experiments are,—that the dischaiges in given

times, with pii>cs of the same length and with the same head of water,

are proportional to the squares of the diameters; and, when the
diameters are equal, the discharges arc inversely proportional to the
square roots of the lengths of the pipes. In order to afford the means
of obtaining by calculation the supply which may be expected from a
pipe of given dimensions, it may be assumed that when a pipe is 30
feet long and \\ inch in diameter, the discharge at its extremity is

about one-half of that which would be obtained from a simple orifice,

or short tube, of the same diameter. The exiieriments made by M.
Couplet at Versailles, in 1730, were with pipes whose lengths varied

from 280 to 23^0 fathoms, and the diameters from 4 to 12 inches.

The pipes were of iron or stone, or of both combined, and they were
bent in various directions both horizontally and vertically. A pipe

whose length was 600 fathoms, and which was 12 inches in diameter,

when the head of water was 12 feet, afforded a discharge amounting to

about ^th ; and a pipe of equal diameter, whose length was 2340
fathoms, when the head of water was 20 feet, discharged only ]\|th, of

that which would liave been obtained from a simple orifice. Bossut

found that, in order to produce a continued discharge in a pipe, the

head of water should be about 1| inches in 180 feet.

The motion of water in the bed of a river depends on the action of

gravity, by which the particles endeavour constantly to descend, and on
the mobility of the particles, by which they are enabled to assume a
level surface when at rest. The descent by gravity takes place in con-

sequence of the difference, in a longitudinal section of the river,

between the levels of any two points on its surface, whatever be the

form of its bed ; since the molecules of water, which are in every part

of a transverse section, have equal facilities of moving in the direction

in which, from the general slope, the motion can take place. And, by
the nature of an inclined plane, the accelerative force by which a
tKuiicle is moved ia to that of gravity as the difference of level between
any two points at the surface in a longitudinal section is to the
distance between those points on the surface. .That the motive force

of the molecules composing a river deiiends on the upper surface only
may be easily admitted, when it is considered that the bed may have
any inclination and any degree of irregularity, yet if the upper surface

be horizontal the water wiU be at rest.

If the water o{ a river experienced no rcsiHtauco from the sides and
bed, its motion would go on continually accelerating from its source to

its mouth, like a soUd body falling by the action of gravity; and the

consequence would be, that besides the destruction ensuing from the

violence of the torrents in the lower lands, the moisture would be
dra»-n from the soils in the upper regions, which would thus become
incapable of supporting vegetable and animal Ufe. The adherence of

the |>articles of water to each other, and the friction against the beds,

produce together a reaistance which increases with the velocity of the

current, and becomes at length equal to the accelerative force of the

descent ; and then a uniform motion is established.

But when a current is in a state of equilibrium, the velocities in

different transverse sections of the river may be very unequal,- on
accotmt of the variations in the areas of tho.te sections, through all of
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which the same quantity must flow in the same time ; since otherwise

the equilibrium of the river would not be permanent. It follows that

the products of the areas of the sections multiplied by the velocities

in each must be equal to each other, and that the velocities in different

sections must be inversely proportional to the areas of those sections.

If the difference of level between any two points on the surface of a

river or canal, in a longitudinal section, be equal to one inch, and if I,

in inches, be the distance of those points on the surface, the slope of

the river may be represented by -. Then, since the accelerative power

of gravity vertically, is to the accelerative power on any plane, as the

length of the plane is to its vertical height ; we shall have i. for the

accelerative power in a river whose slo{)e is -. Again, if the resistances

to the motion of the fluid were, as is sometimes the case, nearly pro-

portional to the squares of the velocities, so that the resistance might

be represented by — {m being constant, and v representing the mean

velocity) ; then (because when water in a river moves uniformly, the

resistance is, as in all like cases, equal to the accelerative force) we

should have — = i; whence »= V'f'. But the resistances m canalsml I

and rivers are not strictly proportional to the squares of the velocities

;

and it is foimd by experiment that, in one and the same bed,

V \\ll — hyp. log. Vi+TB} may be considered as constant, and may

be represented by -v^sn^ Also, in beds whose transverse sections

differ both in area and figure, when the mean radius is represented

by r (where

area a c B of the section
^)./?..2.

it is found by exiieriment that
\l -mij

is constant and equal to
Vr— 0-1

307 inches; hence Vn^=307 (Vr— O'l) and ot= 214 (Vr— 01)'.

Consequently we obtain

r {VJ-hyp. log. VT+TB} =307(Vr-01),

807(Vr-01)
„. ,_ , ,^ ,. But further investigation leads to

V I— hyp. log. V « + I'o

the conclusion that this expression for v must be diminished by
0-3 (V— O'l) on account of the resistance by which the [Kjrticles of

water oppose a separation from each other. (Du Buat, ' Trait<5

d'Hydrodynamique.')

As an approximation we may make f/ my = 307 V r, and

r=307 Vi". And by experiment it has been found that if f'= tlie

velocity at the surface of a river, »" the velocity at the bottom, and v

the mean velocity (all being expressed in inches per second), we shall

have
»• = ( v/ 1-'—1)« and tf= 1 (e' + »').

The mean velocity in any one section may be practically found,

tolerably near the truth, by placing in it a rod of wood loaded at one
end with a weight sufficient to allow it to float upright in still water.

The greater velocity at the upper surface will make the rod incline

towards the direction of the stream ; and, consequently, when it has
acquired a state of equilibrium, it will float in an obUque position : the

top of the rod will move slower than the water at the upper surface of

the river, and the bottom will move faster than that in the lower part.

Hence the mean velocity of the water in that part of the breadth of

the river may be considered as equal to "8 of the observed velocity of

the rod. Often a Woltmann's drum is used, in which is a turning
shaft, communicating by a screw-channel with a meter, and carrying

four wings like a windmill. The experiment must be tried in different

parts of the breadth of the river ; and, in order to find the quantity of

water which flows through the section in a given time, the area of the
section must be obtained by measuring the breadth and sounding the
depths at intervals across the river.

A knowledge of the velocity at the bottom of a river is of consider-
able use in enabUng the hydraulic engineer to judge of the action of
the stream on its bed ; and it is evident that, to ensure permanency,
the accelerative force of the water should be in equiUbrio with the
tenacity of the channel. The following table shows the superior limits

of the velocity which the water should have at the bottom, of cauals,

according to their nature, without wearing them away :

—

Weakened earth . . . . 2'5 inches per second.

Light soft clays . *. . , , 4-9
,,

Sand 9-8 „
Gravel 19-7 „
Pebbles 19-9 „
Broken stones, flints . . . . 39*4

,,

Agglomerated pebbles and sehist .49 ,,

Kocks in layers 59*1
,,

Hard rocks 98 „

Irregularities in the sides and beds of rivers, whether arising from
natural causes, or produced by artificial obstructions, are the causes of

currents setting obliquely across and of eddies being formed. These
not only diminish the velocity of the water by creating impediments to

its motion, but are sometimes seriously detrimental to the navigation,

and to the stability of the structures which are founded in the bed of

the river. AVhen walls are made to project into the stream, the water

striking them is forced to rise above its general level, on account of the

obstruction ; and is afterwards reflected towards the middle of the

channel, with a velocity due to the rise thus produced. This current

carries with it, by a lateral communication of motion, some of the

water from the parts beyond the obstruction ; the surface of the river

being here, consequently, depressed, a portion of the water from the

oblique current falls by gravity into the lower part, and thus a sort of

whirlpool is formed at the place where the obstruction terminates.

Tliis process goes on contiuually ; and the pressure upon the bed of

the river under the whirlpool being diminished in consequence of the

centrifugal force arising from the spiral motion, the water under the

bed forces its way upwards, removing the gravel and sand, and fre-

quently displacing the materials which form the foundation of the

work there constructed.

When a body moves in a fluid at rest, its anterior surface being per-

pendicular to the direction of the motion ; if an indefinitely thin

lamina of fluid be supposed at every successive instant of time to be
displaced, the resistance experienced by the moving surface may be

considered equal to the weight of a column of the fluid whose base is

the surface pressed, and whose height is that which is due to the

velocity : that is to say, the resistance may be supposed to be equal to

the pressure which would produce the same velocity at an orifice in

the base or side of a vessel. A diflerence of opinion has however
existed respecting the amount of the pressure sustained by the moving
surface. For a vein of water issuing from a vessel and striking a plane

surface at rest is shown by Newton (' Principia,' Ub. ii., prop. 36), (and

the fact seems to be confirmed by the experiments of Krafft and
Bossut), to exert a pressure upon that surface equal to the weight of a

column of water whose height is twice that which is due to the velocity.

Du Buat, however, has proved that, even if such should be the case with
respect to the central part of the impinging column of fluid, the mean
pressure is less, on account of the lateral deviations of the exterior

filaments, and the amount &ni stated above is that which is generally

assumed.
If the velocity be represented by r, the height due to that velocity

is e^iual to — ; then a representing the area of the moving surface,

and D the specific gravity of the fluid, we shall have 5lLL d for the

pressure against, or the resistance experienced by that surface in

moving through the fluid.

But when the anterior surface of the moving body is obUque to the
direction of the motion, the resistance above fouiid must be diminished
on account of the inclination. Thus, let 1 be that inclination ; the
number of parallel filaments which act against a plane pei-pendicularly

is, to the number which can act upon it in an oblique position, as

radius ( = 1) is to sin. I. And by mechanics, the intensity of any force

acting obliquely on any plane is a decomposed part of the whole force,

and is to the latter in the ratio of sin.'' I to rad.' ( = 1). Therefore the
effective pressure against an oblique plane varies, as sin." i; conse-

quently when the moving plane is oblique to the direction of its

motion, the resistance which it exi)eriences is to be expressed by
"""

•2a
D sm.' I.

If a cylindrical body, terminated in front by an equilateral cone,
move through a fluid in the direction of its axis ; it can easily be
shown that the resistance experienced is one-fourth, and if the body be
terminated in front by a hemisphere, the resistance is one-half of that
which would be experienced by the same cylinder if it were termi-
nated in front by a plane perpendicular to its axis.

When a prismatical body is placed in a stream of water the effort
necessary to keep it immovable in the fluid is equal to the difference
between the pressures in front and behind. The pressure in front is

equal to the sum of the pressure produced by the moving water and
of the dead pressure, as it is called, which takes place when the body
is at rest in still water ; and the yessure on the rear face is merely
equal to this last. When a body of that kind is made to move in a
fluid at rest, its progress is retarded by the same difference of the
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pwurw befora and bahmd, and by th« {rietion of the water againat

Um ridea. Additional oauaea of retsrdatioo are the heaping up uf the

water in front when the velocity ia conudenible, and a diminution of

the preanire on the hinder bmx on aooount of the aurboe of the water
thrare being depreaaed below the geaent level ; a oircumstanoe ariaing

from the lateral comnioniuation of motion in flui<U, by which the
water, driven off from the front, and proceeding in a diverging direc-

tion on each tide towarda the rear, carriea away with it from thence
aome of the water which ahould counteract in part the preaiure on
the front.

Mr. Scott Ruaacll in the ' Report of the Britiah Aasootation,' for 18S5,
and Mr. Macneill in the ' Tranaactiona of the Institution of Civil

Kngineera,' have given the following law* for the rttutanct to boata
moving on canala ; but for the practical reading of these laws we must
refer to Stkaji-Boat.

1. The riae or emergenoB deiienda on the velocity of the vegeeL
2. The reaiatance depends on the velocity or magnitude of the wave

which ia generated.

3. The reaiatance increoaea rapidly aa the velocity of the body ap-
proachea the velocity of the wave, and ia a mozttawm when they are

equal
4. If the velocity of the body be greater than the velocity of the

wave, the reaistanoe diminiahea ; for t^e body ia poised on the summit
of the wave in stable equilibrium.

5. The velocity of the wave is independent of the breadth of the
fluid, but varies aa the square-root of the depth.

0. In every navigable river there is a velocity with which it ia easier

to aaoend against the current, than to deeoend with it.

7. Vessels on the summit uf the wave may move about 20 or SO
milea per hour.
With regard to the form of vessel best adapted to dimiuish this

reaiatance, Uiey add :

—

1. A cylinder will meet with U$t resistance in a fluid than a plate of
the tame dimensions as the end of the cylinder ; and a cone with its

btUt-end foremost is better than either.

2. There is no fixed ratio of breadth to length which is best The
longer the better, but the breadth varies with Uie burden.

8. The section of greatest breadth should be always abafi the middle,
about 3-Sth uf the length from the bow.

4. Lastly, the water-lines should be hollow, of the form called the
" Karc-fonn," first concave, then convex.
We may conclude this article with a notice of one of the many hydro-

dynamic engines, referring to separate heads, as indicated under
HTDOaVLics, for other contrivances, in which the water is to be
raised, or the force of water to be employeiL
The Hiuiuiuuc Bam, which was invented by Montgolfier at the

close of the last century, and improved by his son, consists, indepen-
dently of the feeding cistern, of a pipe which carries the water to the
head of opeiationa. Thia part consists of a short tube, at the upper
part of which, as wall as at the end, are two valves, the ilop-ralve,

and the tueauum-talve } the extremity is in a bell filled in its upper
part with air, and its lower with water. The asoenaion-valve Imng
doaed, the water will come from the reservoir unth increasing velocity

;

and leaving it by the ttop-volve, will shut it : then, by the n« viva
which it haa acquired, it will strike the ascension valve, and open it,

and to penetrating into the reservoir of air, will compress it, and make
the water in the aacension-tube rise ; then the elasticity of the air, and
the waif^t of watei* in the asoenaion-pipe will, of course, absorb jmrtly
the rU rha acquired with the water and will give it a powerful motion

;

hence, by raaaon of the retrograde motion of the water, the ascension-
valve wiU shut, and there will be formed a partial vacuum under the
atop-valve, which will open, and so on continually. Hence this machine,
when once set in motion with a continual supply of water, will work by
the momentum generated and destroyed for any length of time, if

kept in repair.

The aooompanying figure represents a vertical aection of the im-
proved coutniotion. The water arrives from a cittern at a higher
Mval, by the horizontal pipe a, over which ia a circular opening con-
tainiiig a valve v, which acta as a iloppagt valve, and ia suspended by a
stem. Further on the pipe aaoendt into a small reservoir c, called the
air malnui ; the air containe<! in it is compressed by the ascending
water, « hile the lateral pressure of the water opeoa the valvaa v v', and
eaten the Urger reservoir r, which it partly fills, and compresses the
ah- confined in the other part of it. The reaction of this air on the
auifaoeofUM water eauaca the water to ascend the force-pipe o. When
the stoppage valve ia down, aa in the figure, the water overflowa the
opening aiwve it, and paasea into a waste neervoir, thereby producing
a rapid increase in the veloctty of the current in a, which, actmg on the
under surface of the valve, fwces it up, and cloaes the ofjening by
which the water eacapea. This momentary confinement of the water
cauaea it to foroe ita way into the cylinder o, where it compresses the
air and pniduoas a reaction, which opens the valvea v r", and a (lortion
of the watar eaten the vatael .r, and further oompieaaea the air
there. These rcaistanoes retard the current a, and reiiave the stoppage
valve from the impulse which raiaud it, so that that valve again falb,
and the valvea v >' are closed. Xhe water again etoapaa from the
opening over the stoppage valve aa ahown in the figure, the current
in A ia again aoceleiatad ; the stoppage valve is once more closed, and

tha MM iaties of efliacU is repeated. In tUa way by a

pulattiona water is continually elevated in the pipe a. Aa air

gradually absorbed by water, the compressed air of the vessels c and r
IB liable to be carried away by the water up the force-pipe o, the eflect

of which would be to subject the machine to shocks which would
destroy the uniformity of its action and injure its working ports. To
prevent this, an air-valve is provided at s, which, opening inwards,
admits air during the intervals when the stoppage valve is closed. The
air in rushing through the valve s makes the sound like the sniffling of

a person's nose, and Is hence called a snifting valve. It may consist of
a tube of caoillary bore, and be left entirely open.

HYDRO-KLECTRIC MACHINE. FElectrical Machine.]
HYDROFERKIDCYANIC ACID. [Fkrbidcyanic Acid.]
HYDROKERROCYANIC ACID. [Ferrocta.mc acid.]

HYDROFLUOBORIC ACID. [Fluorine.]
HYDROFLUORIC ACID. [FLCORntE.]
HYDROFLUOSILICIC ACID. [Flcorine.]
HYDROGEN (H), an elementary body, which, as it is known only

in the aeriform state, is usually termed hydrogen gas. From the
e.irliest dawn of chemical science, eUstic fluids have been known which
had the property of burning on the approach of flame, and were con-
founded under the general name of infiammabh air. As it was after-

wards found that there was a diiTerenco in their densities, they wa^
distinguished as lii/ht and Iteavy inflammable air ; it is the former of
these which is now called hydn>geu. Hydrogen gas was first minutely
examined, ond the mode of preparing it in various v^-ays stated, by Mr.
Cavendish. [Cave.ndish, Henbt, in Nat. Hist. Div.j

In nature, hydrogen is found in the free or uncombined state, as a
constituent of volcanic gases. In comp.aratively email quantity it

occurs associated with phosphorus, sulphur, carbon, and nitrogen,
forming gaseous compounds; it it a constituent of nearly all tiie

proximate principles contained in animals and vegetables ; but united
with oxygen, it constitutes Jth of the total weight of that familiar com-
pound—water.

Hydrogen is always prepared from water. If the gas is required
absolutely pure, the water is decomposed by a current of electricity,

the hydrogen being collected from the negative jjole of the decompo-
aing cell, and, if necessary, dried by being passed through a tube filled

with pieces of chloride of calcium. Ano^er process, valuable because
instructive, consists in passing a fragment of potassium or sodium up
into (i small quantity of water in a te.st tube, the remaining portion
of waich is filled with mercury, and inverted over the mercury trough

;

the sodium rapidly attacks the water, combining with its oxygen to
form oxide of sodium (soda), and displaciiig its hydrogen, which
latter element, being gaseous, exjiels the greater part or all of the
mercury from the tube. The following is the simple change that takes
place:

—

Na -f HO = KsO -f H

Bodiam. WiOer. Hydrogen,

For ordinary purposes, hydrogen is prepared by acting upon granulated
einc with diluted sulphuric acid. The zinc, oovand with irater,

is placed in a bottle or other couveuiout veaael to which a cork can
be fitted, and strong sulphuric acid is then poured in by meana of
a funnel, to which is attached a tube passing through the cork to the
bottom of the bottle. The gas is rapidly disengaged, and passing
through an exit-tube in the cork may bo conveyed by flexible tubing
into a gasholdw, &c. [UASE.i, CoLLEcrion or.] In tliis pruoeia,
sulphate of line it fonned. which remiuns in the generating vetsd
dissolved in the excess of water used.

7.a -f HO, 80, ZnO, SO, -L u.
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If it be required to produce hydrogen cheaply, though in a very

impure state, it may be readily done by passing steam over iron

borings heated to redness in a piece of iron gas-pipe. Under these

circumstances the iron is converted into an oxide (FejO,), and the

hydrogen set at liberty.

Hydrogen is an element. No amount of pressure causes it to

abandon its gaseous condition. When pure, it is colourless, tasteless,

transparent, and inodorous. It is the lightest body in nature, being

sixteen times lighter than oxygen, and fourteen and a half times

lighter than atmospheric air ; its specific gravity is, therefore, 0'0692,

air being taken as unity. One hundred cubic inches of it weigh only

2-H grains.

This gas extinguishes flame ; but when it meets with a supporter of

combustion, as oxygen, it bums readily, with a continuous but feeble

flame, generating much heat. When mixed with half its volume of

oxygen, and the mixture is ignited by a taper, or by throwing into it

a small quantity of platinum black, immediate and loud explosion

ensues, attended with the formation of water by the combination of

the gases ; hence the name hydrogen, or the icater-producer, from vtup,
" water," and 7two<o. " I generate." It is irrespirable for any length of

time, but when inspired for a short period it renders the voice remark-

ably but not permanently shrill ; it does not appear to be poisonous,

for when mixed with a due proportion of oxygen it may be respired

without inconvenience ; when it proves fatal, it seems to do so by the

mere exclusion of oxygen.

It is very sparingly soluble in water, 100 cubic inches taking up
only about one inch and a half of the gas ; nor is there any other Uquid
whicb is capable of dissolving it in notable quantity. Hydrogen,

neither in the gaseous state nor in solution, possesses either acid or

alkaline properties. In its combinations it is powerfully electro-positive,

and chemically plays more the part of a metal than of a metalloid.

In its separate state, hydrogen has dot been applied to any very

useful purpose ; but on account of its extreme lightness it has been

used to fill air-balloons ; at present, however, coal-gas is substituted

for aeronautic purposes, by reason of the facility with which it is

obtained. This, however, from its greater density, reqiures much
larger balloons than hydrogen gas.

When mixe<I with oxygen gas, and the mixture gradually burned in

a small jet issuing from such a blowpipe as is described under Dhum-
M05D Light, a temperature is produced sufficiently intense to melt

platinum ; and even if bume<l in the air, the oxygen of which serves

as a supporter of combuMtion, a considerable degree of heat is gene-

rated.

When a very small jet of hydrogen gas is burned, the flickering

natore of the flame causes musical sounds when s tube of glass or

metal, or even of paper, is held over it. Such an arrangement is

known as the hydrogen harmonicon, but any combustible gas will

produce a similar eSect.

The equivalent of hydrogen is 1, and its combining volume 2. Its

combinations with other elements or radicals are called hydrida or

hydrureU.
Hydrogen combines with oxygen in three diflferent proportions,

forming,

—

1. Protoxiil* no watrr.

2. Binoxide HO, oxygenated water.

i. Tcroxide HO, osone.

1. Protoxidt of Ilydrtgm, or Water (HO) will be treate<l of in a

special article. [Water.]
2. Binoxide of Ilydrogm (HOj). To prepare this compound, twelve

parts of binoxide of l»rium, obtained by passing oxygen gas over

baryta heated to low redness, are dissolved in two hundred parts of

water containing as much hydrochloric acid as will saturate about

fifteen (larts of baiyta. Solution having been eflfected by gentle

stirring, the whole of the baryta is then precipitated by a slight excess

of sulphuric acid, added drop by drop. Another twelve parts of binoxide

of barium are now added, and the precipitation of the baryta effected

as before. This process is continued until about one hundred parts of

binoxide of bariuru are consumed, care being taken to keep the mixture
well cooled, and to filter it after every other addition of the binoxide.

A tolerably strong solution of binoude of hydrogen is thus obtained,

containing, however, much hydrochloric acid. The latter is removed
by the addition of sulphate of silver, and the sulphuric acid thus intro-

diiced got rid of by carbonate of baryta. Finally, the solution is

placed in vacuo over sulphuric acid for a few days, when the water

evaporates and leaves the binoxide of hydrogen. The latter body
also volatilises in vacuo, but far less quickly than water.

Binoxide of hydrogen thus pre|)ared must be kept in long gUss
tubes, closed with stoppers, and surrounded with ice. Notwithstanding
these precautions, however, it slowly decomposes into water and free

oxygen gas. It is a colourless, transparent liquid, of ap. gr. 1'452. It

is unaltered by a temperature 5i degrees below the freezing point of

water. It has a harsh, bitter taste, bleaches litmns paper without
reddening it, and when placcfl on the hand whitens the cuticle and pro-

duces violent itching. Heat rafiidly decomposes it. Contact with most
metallic oxides nut only causes violent separation of oxygen, but at the
same Aime the oxides themselves are reduced to the metallic state.

Binoxide of hydrogen appears to combine with some of the hydrated

acids, as it is far less decomposable in their presence than when
alone.

Oxyrjenated water is a term that h.%s been applied to binoxide of
hydrogen, but is now usually restricted to the solution formed by
saturating water with oxygen gas.

3. Teroxide of Hydroijen (HO3). The gases that are evolved when
water is decomposed by a current of electricity are well known to
possess a peculiar odour. The body that communicates this property
has for some years been called ozone (from o'fa, " I smell ") ; but it is

only recently that M. Baumert has proved it to be the teroxide of
hydrogen. The presence of hydrogen in this remarkable compound
M. Baumert demonstrated by pas.sing the gases (oxygen and ozone)
evolved from the positive pole of a water-decomposing apparatus
through a long drying tube containing pumice-stone moistened with
sulphuric acid, and then through a tube the inner surface of which
was coated with anhydrous phosphoric acid, ami one portion of which
was gently heated ; water was thus produced, and made evident by the
solution of the film of phosphoric acid on that part of the tube through
which the gas was making its exit, while the film on the opposite part
mis quite unaltered.

Teroxide of hydrogen decompose iodide of potissium, the excess of
oxygen it contains—over and above that necessary to form water with
its hydrogen^iberating its equivalent of iodine from the iodide of '

potassium, just as chlorine or bromine does, Taking advantage of this
fact, M. Baumert ascertained the composition of ozone, prepared as
above, by passing the gas for several hours through a weighed bulb
apparatus containing iodide of potassium solution, with an arrange-
ment for preventing loss of water by evaporation. The increase in
weight after that time gave the quantity of ozone that had passed into
the app.'U'atus ; an estimation of the iodate of potash formed, showed
how much oxygen, exclusive of the elements of water, was contained
in that weight of ozone, while the difierence between the weight of the
oxygen and the total increase in weight of the apparatus, gave the
weight of water that had been formed from the decomposition of the
ozone. The mean of three such experiments proved that the ozone in
question was teroxide of hydrogen, thus ;

—
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II . 4 4-1

so . . 00 95

HO, 100 100-0

Other Cnmpouiidi 0/ Hydrogen.—With sulphur, selenium, iodine,

bromine, chlorine, fluorine, and tellurium, hydrogen forms combina-
tions called hydraeidi. With nitrogen, it forms the powerful salifiable

base ammonia; and with pho8phorus,arsenic, antimony, and potassium,
it forms the several hydrides. A description of each of these com-
pounds will be found under the name of the element with which the
hydrogen is united.

HYDUOKINONE. [Kinonic Group.]
HYDROLEIC ACID. [Oi.kic Acid.]
HYUROMARGARIC ACID. [Maroabic Acid.]
HYDROMARGARITIC ACID. [Maroabic Aciu.]
HYDROMELLON. [Mellon.]
HYDROMELLONIC ACID. [Meli.onic Acid.]
HYDRO'METER (SSto/>, water, and fiirfov, a me;i3ure) is an instru-

ment for determining the relative densities or specific gravities of

fluids. The principle of the hydrometer is this : It is known that
when a bo<ly is immersed in a fluid, it loses as much of its weight as is

equal to the weight of that portion of the fluid which it displaces.

[Hydrostatics.] Thus, if a body suspended from the extremity of

one arm of a balance be counterpoised by weights applied to the other
arm, and while thus suspended it be immersed in a ves.sel of water, it

will be foimd that one aVm of the balance will preponderate, and that,

in order to restore the equilibrium, as much weight must be applied to

that arm from which the»body is suspended as is equ,al to th» weight
of the water displaced. Hence, if the same body be immersed succes-

sively in two different fluids, the portions of weight which it will

thereby lose will be directly proportional to the specific gravities of those
fluids ; because the diminution of weight is always equal to the weight
of the fluid displaced,—that is, to the magnitude of the body multiplied

into the specific gravity of the fluid. The above supposes the body to

be specifically heavier than the fluid. If it be lighter, it will float upon
the surface, so that its tendency to descend, or its weight, will then be
entirely counteracted by the fluid ; from which it appears that, when
a lx)dy floats upon the surface of a fluid, the weight of the portion of

fluid dis])laced is equal to the entire weight of the body. Now, since

the weight of the fluid displaced by a floating body is constant (being

always equal to the weight of the body), whatever may be the density

of that fluid, it is obvious th.at if we cau determine how much of the

body is immersed, we may immediately detlucc the specific gravity of

the fluid ; because, when the weight is constant, the specific gravity

varies iuversely as the bulk.

t'pon this principle is constructed the instrument kno\vn by the

name of Syhes'f hydrometer, which is that employed in the collection of

the spirit revenue of Great Britain. It consists of a thin br.a.">8 stem
about six inche.'i in length, passing tUrough and soldered to a hollow

ball of the same material, and about one incji and a half in diameter.
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To Um inferior extremity of the item, from which the hollow b«U is

•bout one inch dixtant, a ]>«mi!uimt peu-BhapMl weight ia attached

;

o that when the iustrimient ia placed on a fluid, the other extremity

may float perpendicularly to the surface. There are also ten weiKlits

uf diflerent m«gnitu<l«t, uine of which are circuhir, and applicable by
means of a slit to the lower branch of the stem. These are marked 1 U,

30, SO, 40, 50, 60, 70, 80, and 90 reqiectively, and by their successive

application the instrument may be suak so as to obtain the complete

noge of spectflc gravity, fn>m that of pure alcohol to that of distilled

wator. The other weight u of the form of a paiallelopiped, and may
be fixed when necessary to the upper branch of the stem. The upper
branch of the stem ia divided into ten equal parts or degrees, eadi of

which ia subdivided into two parts. The whole is adjusted at the

tampersture of 60° Fahr., and tables ore computed whereby the neces-

uy corrections may be determined for all variations above or below

that point. In order to determine the strength of spirit by moans of

the hydrometer, a iwrtion is placed in a tall glass cylinder, and the

temperature observed. One or more of the circular weigbtM is then

attached to the lower stem of the instrument, so Uiat the lower extre-

mity of the Bcilc may sink beneath the surface of the fluid, and when
the whole has lH-c»iiie stationary the number uiH>n the scale in con-

tact with the surface of the fluid is observed. Tliis number added
to the number marked upon the circular weight employed will give a

third number, a<ljacent to which, in the tables above mentioned, and
under the head of the proper temperature, will be found the per

oentage of strength required.

8j-l(f»'» Hjilromcter.

The most convenient method of obtaining the specific gravities of

fluids is by means of what chemixts call a tpedfic grariti/ buttle, or a

tkouMond grain bolllc. Thin is a bottle of a globular form, with a

ground-gluB (topper, to adjusted as to contain exactly 1000 grains of

distilled, water, at the temperature of 00* Fahr., and accompanied by a

wei(^t, which is an exact counterpoise fur tne bottle when thus filled.

In order to determine the specific gravity of a fluid by this means, it is

imply necesianr to fill the bottle with that fluid at the temperature of

00*, lad place it in one of the scale-pans of a delicate Inlance, the

ooantopoise being pLiced in the other Hcalejian ; then the numl>er of

grains which it will he fouml necesiuiry to oild to one of the ncale-imns, in

order to produce equilibrium, will be the diflerence l)etwecn the »|>cciflo

gravity of the fluid and that of water taken at 1000. For example,

the bottle filled with the sulphuric acid of commerce will require about

84S grains to be added to the counterpoise to produce equilibrium,

whence we say that the spedfio gravity of such a sample of sulphuric

add ia 1-846. Whereas if the bottle were filled with spirit of wine,

waabould have to add weights to the scale-pan containing the bottle,

and in the case of what ia called proof ipint, 80 grains would have to

be so added, in which case the specific gravity would be 0-920.

[AlxonoLOJiiTBT ; SpEciric Gravitt.]
Various forms of hydrfimcter have lieon contrived under diflisrent

names, one or two of which wc may mention, such as the Araometer
(from ipatit, " light" or " thin," and /tdrpor, " a measure "). This is

cmploye<l f^r the purpose of oaoertaining the specific gravities of fluids,

generally such oa are leas denae than water, but it may be used to

determine those of any fluids, and also of solid bodies. Ita best form

>a probably that which waa deviaed by Nicholaon. The instnimant
which bean the name of that experimenter consists of a boUow
cylinder, or sphere, of copper, from each extremity of which proceeds a
stem; that wnich,whentheinstnmient is in a vertical position, is upper-
most, is a wire of hardened steel about l-40th of an inch iu iliiuiioter,

carrying at its tup a small cup, in which weights may be placed : to

the lower stem, which is short, is attached a atirrup carr}-ing a cup in

which may be placed a aolid body whoae apecific gravity it may be
required to detennine. The instrument ia so adjusted, that if a weight
equal to 1000 graina be placed in the upper vessel, the whole will sink

in distilled water at the tem|>ereture uf C0° Fahr., till a mark made on
the stem is on a level with the fluid surface. When the specific gravity

of a fluid, whether lighter ur heavier than water, is to l« determined,

the instrument ia plunged into the fluid, and weights are placed in the

upper vessel till the mark on the stem is at the surface ; then, if w in

grains be the weight of tlie inxtniment when unloaded, and tif the
weight placed in the vessel as just said : also if < be tlie specific gravity

of distilled water, and t' that of the fluid in which the instrument la

placed, we have, by hydrostatics,

w + 1000 : K + K" : : $ : i';

whence t* may be found.

To obtain Uie specific gravity of a solid which docs not imbibe w-ator :

after placing the instrument in distilled water, let the body be laid in

the upper vessel, and weights, in grains, added till the mark on the

Mem is at the level of the surface ; these weights being subtracted from
1000 grains, leave the weight of the body in air; then pUcing the

lx)dy in the lower vessel, let other weights be added in the upper one

till the mark on the stem is again at the surface of the water ; these

additional weights will express the loss which the body sustains by
l>eing immersed in water. Consequently if w" be the weight of the

body in air, vi'" the loss just mentioned, < the specific gravity of the

water, and <" that of the body, we have by hydrostatics,

vf" : k" .:/•;

whence »" may be found.

If the sul>8tance whose specific gravity is required be, like wood,
capable of imbibing water during the experiment, it should be left in

the lower vessel, while under water, till the instrument is stationary,

when the additional weights in the upper vessel will express the weight

uf the displaced water, together with that which is imbibo<l ; then,

having dried the surface, let the substance be placed in the upper
vessel and weighed in air .is at first : the difference between tliis weight

and that which was found before the 8ul>staiice was put in Uie water, is

the weight of the water imbibed ; and this must of course be subtracted

from the observed weight of the substance in water, previously to

substituting the values of the terms in the last proportion.

For fluids of greater specific gravity than water, such as the concen-

trated acids, an instrument of the like kind which was invented by
Ouyton de Morveau, and is designated " graWmeter," may be uaed.

(Gr^onr'a ' Mechanics," vol. ii.) Instruments of this kind, however,

are seldom resorted to, the best plan being to moke use of the hydro-

static balance, as will be more particularly described under SpKciric

Gbavitv.
HYDRONITROFERROCYANIC ACID. [Ctanogkn.]
HYDRONITROPHUSSIC .\.CID. rCTA>00E.N.]
HYDUOPKU.SULPHOCYANIC ACID. [Ctaxooen.]
HYDROPHOBIA (from Btup, water, and ^/3ot, fear) is the diaeaae

occasioned by inoculation with the saliva of a rabid animal, and is so

called from the violent and sufibcating spasms of the throat which
occur when the [latient attempts to drink, or when, in the latter stages,

the mere idea of drinking arises in his minil. The disease is never
produced in man by any other cause than the saliva of a rabid animal

:

those coses which h,ive been said to oriBC spontaneously have not pre-

sentc<l all the true characters of the offection, and have in general Wen
only severe cases of hysterical ur other convulsions, in many of which
the imagination and the fear of real hydrophobia had much influence.

Whether it is ever spontaneously generated in animals is less certain,

because its origin in them is leas eaauy traceable ; but the fact that it is

possible to ward oS° the disease from packs of dogs, in which every fresh

comer is submitted to a kind of quarantine, and the many instancea

now known of isolated situations in which, although dugs are very
numerous, no caae of hydrophobia has occurred for many years, tend

to prove Uiat in the dog also it arises only in consequence of the bite

of some other rabid ammaL It is prubabic that all animals are subject

to hydr»)phobia, for oil that wc have an opportunity of observing, that

is, all our domestic species, are ; but it has not appeared that any,

except the wulf, fox, cat, and dog, are oapa1>le of communicating it to

each other, or to other species. There is no evidence whatever to

prove that the disease can be communicated from one human being to

another ; men affected by it are not disposed to bite, and it is doubtful

whether, if they diil bite, the saliva would have any effect, for the

exi>criments maile with it upon animals arc as yet contnwlictory and
inconclusive.

The diaeaae may be communicated to man either by the saliva being

carried into a wound mode by the tooth of a rabid animal, or by its

being placed on the surface of a previous wound, as where do){8 nave
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licked the hand or face of a person on which there was any raw
surface. However, it is only a small portion of the bites which a mad
animal gives that convey the disease ; if, for example, he bites through

the clothes, there is a great probability that all the saliva will be wiped
off from his teeth as they pass ; and hence wounds of the hands and
face are generally the most dangerous. It is probable, too, that the

saliva differs in the degree of its virulence in different animals ; the

bite of the mad wolf seems generally more fatal than that of the dog.

In a case known to John Hunter, twenty-one persona were bitten by
the same dog, and only one had hydrophobia ; in another, a wolf bit

seventeen persons at Brive, and of these ten died by hydrophobia ; in

a third, fifteen persons were bitten by a dog, in ten of whom the wound
was on the flesh, and three died. In none of these cases had any pre-

ventive measures been used ; and from the evidence collected from
various sources, Dr. Hamilton (' Remarks on Hydrophobia," vol. i.)

thought that whether preventive means wore employed or not, only

one person in twenty-five of those bitten by mad dogs would have
hydrophobia. It appears that animals are more subject to the disease

than man ; for in a case where a dog bit four persons and twelve dogs,

all the dogs died, but not one of the men. These results, although
they should not prevent the surgeon from employing those measures
which prevent the disease, fully explain how empirical remedies have
obtained so much credit, the immunity from the disease being attri-

buted to their influence, when it would have been as complete if they
had never been used.

The period after the inoculation at which the symptoms of hydro-
phobia may exhibit themselves varies greatly. In the ten persons

already mentioned who were bitten by the wolf, one was afiected on
the sixteenth and another on the sixty-eighth day after their wounds
were received ; in the five bitten by the same dog, the deaths occurred
between the thirtieth and sixty-third days. In general the disease

appears between the thirtieth and fortieth days from the injury ; but
cases are known where it has been delayed as long as eighteen months,
and Dr. Bardsley beUeves that a person who has been bitten and used
no preventive measures cannot be considered as perfectly safe till at

least two years have elapsed. Cases are indeed recorded in which there

was no evidence of injury for ten and twelve year^ before the disease

manifested itself, but at present neither the number nor the accuracy
of such histories is sufficient to allow any safe conclusion to be drawn
from them.
The bite of a rabid animal generally heals up like that of a healthy

one ; there is nothing whatever which would indicate danger from it,

and the patient is attacked when he has forgotten that he was ever
bitten. In some cases, however, before hydrophobic symptoms appear,

the scar of the wound becomes painful, red, and swollen, and pain is

felt shooting from it along the course of the nerves of the part, as if it

were going to ulcerate. The first decided indication of the disease is

that the patient has headache and general uneasiness ; he loses his

appetite, and when he is about to drink he suddenly feels an aversion

to any liquid, and is choked by any attempt to swallow it. He gene-

rally discovers this inability to drink accidentally, and often expresses
his wonder that he should not be able to quench his thirst. The
symptoms, once set in, rapidly increase in severity ; any attempt to

drink, and even anything that can suggest the idea of drinking, as the
sound of liquid poured from one vessel into another, or the bright

shining surfiice of polished metal looking like the surface of water, is

(ufficientto bring on the most frightful spasms of the throat, threatening

inrtuit suffocation, and producing the most severe pain. The convul-

lioDS, which were at first limited to the muscles of the throat and of

deglutition, after a short time extend to other parts of the body

;

there is a constant agitation of the limbs, and a remarkable degree of

nervous excitement ; the patient is restless, anxious, and timid ; his

eye has a peculiarly unsteady glistening appearance, and he is often

delirious, and talks with the greatest rapidity and earnestness to

persons who are not present, or he thinks that his attendants are going
to rob or murder him, and is haunted with frightful visions. As the
ftiswue proceeds, the convulsions of the throat become more frequent
and severe ; a breath of cool air, or the slightest noise or vibration of

the room, is sufficient to excite them : there are severe headache, a
rapid pulse, a foul tongue, and other symptoms of a generally disordered
condition of the system. A copious secretion of thick tenacious mucus
clogs up the air passages, and increases the feeling of suBbcation, and
it is in his attempts to free himself from this that the patient coughs
and makes a loud harsh noise, which has been supposed to resemble
the Ixu-king of the animal by which he was bitten. Sometimes there
ia furious delirium ; but often for the last few hours of life the patient
becomes quiet : he falls perhaps into a tranquil sleep, as if fatigued by
his exertions, or he lies perfectly still, without spasms, and rational

;

but it is only a deceptive calm which presages lus death ; he rouses
from his trantiuillity, and, after one or two comparatively slight con-
Tulnons of the throat or of the whole body, expires. The duration of
the disease is very rarely more than six days, and it often terminates
fatally in twenty-four hours. In the latter cases the patient usually
dies suffocated by one of the spasms of the throat ; in the former he
may have several remissions, in which the severity of the aflection
greatly decreases, and which may for a time seem to afford a hope of
recovery. In most cases solids can be swallowed without much diffi-

culty ; and it is remarkable that in those who have been bitten by mad
ARTS AND SCI. WV. VOL. IV.

cats there is far less aversion to water than in those who have received
the disease from the other .species.

Nothing can at present be regarded as certainly known of the true
nature of hydrophobia. Dissections of those who have died of it have
shown the effects, but not the causes of its symptoms ; as redness and
turgeseence about the throat and larynx, and general congestion from
the frequent suffocative attacks. With this ignorance of its nature
there is unfortimately an equal ignorance of any mode in which it may
be treated with a prospect of success ; for of all the medicines recom-
mended (and probably no disease has been more variously treated)

there is not one which has sufficient evidence to prove that it has been
of the least avail, except in temporarily mitigating the symptoms.
Opium in very large doses will produce quietude and gre&t comfort to

the patient by warding off the attacks of spasm, and wUl prolong,

though it will not save life ; and large bleedings have been useful in

lessening the severity of the convulsions, and large doses of hydrocyanic
acid have controlled the symptoms for days. But the only question

that can be satisfactorily considered is that of prevention, which is

accomplished by the remov.al of the morbid saliva from the wound
before it has had time to produce its fatal influence on the body.
Excision is at once the safest and most simple means, and whenever it

is practicable should be employed as early as possible ; the parts bitten

should be completely cut out, with some of the sound tissues around
them, and care should be taken that the very bottom of the wound is

removed ; for if a portion of the wounded surface remain, the patient

is not secure. In some cases, however, as where the wound is super-

ficial but extensive, or where it is situated on the face, or near an
important organ, excision may be deemed unadvisable, and in these the

best remedy is some violent caustic : pure nitric acid, or fused potash,

or nitrate of silver, should be applied freely over the whole surface of

the wound, so as to decompose every particle of the saliva. A third

means is the careful washing of the wounds, but it is one on which
it would be imprudent entirely to rely, though it should always be
diligently employed until medical assistance can be obtained, and is

useful after the parts have been cut out. The best mode of washing
the wound is to pour water at a temperature of 90° or 100° on it, from
a height of four or five feet, through the spout of a tea-kettle, and it

should be continued for two or three hours, imless the other means
are resorted to. It is not yet known at how late a period after the

infliction of the injury it would be useful to remove the parts bitten ; but
considering the length of time during, which the poison remains latent,

and the probability that during that time it has only a local influence,

it would certainly be prudent to remove the wounded jiarts after a

lapse of even many days. Of course the value of these means is open
to the objection already mentioned, that even when the patient does

not suffer from hydrophobia it is uncertain whether his immunity
depends on the measures employed ; but it may be sufficient to state,

that while every other remedy has frequently been unavailing,

excision, when carefully employed, has been invariably successful, and
the caustic has very rarely failed.

As a large majority of the cases of hydrophobia which occur in this

country are the consequence of the bite of the majl dog, it may be
useful to add the symptoms which he presents when in that state. He
grows sidlen and snarly ; he leaves his home and runs about wildly,

biting at whatever approaches him, though lies, will seldom go out of his

way to attack, and he constantly gnaws grass and straws and x'ieces of

wood or stone. To those, however, with whom he associates his

demeanour is at first unaltered, and he caresses them as usual ; and
hence the cases in which death has followed the licking of a wound by
dogs who showed no symptom of hydrophobia. It is an error to

imagine that the mad dog avoids the water, for he will both drink it

and swim in it as usual, and without presenting any of that horror of

it which characterises the disease in man. Towards the close of the

disease he grows more furious, gnawing and biting at everything

around him, and frothing .at the mouth. The disease is as incurable

in the dog as in man, and usually lasts about the same length of

time.

HYDROPS PERICARDII, or HYDROPERICARDIUM (from
Siup, water, and TrtptudpSiov, the pericardium), is a collection of an
unnatural quantity of fluid in the sac containing the heart. [Heart,
Diseases ok 1

HYDRORHODEORETIN. [CoNVOLvnLio Acid.]

HYDROSTATIC BALANCE. [Specific Gbaviti.]
HYDROSTATIC BELLOWS. [Hydkodynamics.]
HYDROSTATICS is the science which relates to the pressure and

equilibrium of the fluids commonly called non-elastic, or incompressible,

as water, mercury, Ac, and to the equilibrium of bo<lies immersed in

them. The elastic fluids, as air, steam, &c., are the subjects of

pneumatics.
The two books of Archimedes, entitled, in Latin, 'De Humido

Insidentibus,' contain all that is known concerning hydrostatics, properly

so calle<l, among the ancients. That philosopher showed from experi-

ment that a mass of fluid will be in equilibrio when each of its particles

is pressed e<iually in every direction. He explained that a floating

body is held in equilibrio when its centre of gravity and that of the

displaced fluid are in one vertical line ; and that when bodies are

immersed in a fluid of less specific gravity than themselves, they lose

certain portions of their weights. The latter principle led him to the
3 E
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mwiM of Moerteining the qiuDtitiM of two diffennt ingredienta whan
mixed together in one man ; and he applied it in detaetiDg the quantity

of alloy m a golden crown which bad Men executed for the king of

SyracuM.
The aeienec of hydroatetiea most, of ooona, be cubject to all the

lawa of equilibrium uf ordinary statics. (Statics.] But there are two
fundamental axionui which nuke it a distinct bnncb of that aoiaoee,

BSBiely, (I), that aU action between two fluid surfacee. or between a

Boid and a solid aurfaoe, is norwuJ to the pUne in wliich th^ meet,

that is, there is no such thing aa ttatimt Jiuid frieH&n. This is the

oaae, aa fsr as we know, with all prrfect, or non-viaoous fluids. (2), That
the amount of pressure at any point is independent of the dirtctio* of

the surface prtaaed.

The canae of fluidity in bodies has been the subject of much dis-

ousMM : it has been supposed to depend on the globular form of the

mrtinlna. or oo the calorie contained between them ; or, finally, on
heA thsBS eiroumstances combined. But, whatever be the primary
cause, it is admitted by all that the property must arise, immediately,

from the perfect mobility of the particles among one another ; in con-

seqnenoe of which the mass immediately takes the figure of any vessel

in which it in received, its upper surface aasumos a level position, and
by whioh, also, it begins to flow aa soon as an orifice is made in any
part of the sides or bottom of the veaseL Some difference exists how-
ever in the fluidity of different bodies : such as mercury, water, &c.,

iriiich in their crdinaty state poasees this property in a high degree

;

while the particles of many fluids, as the oils, have a sensible adhesion

to one another. With the exception of pure alcohol, all the non-elastic

fluids, at certain temperaturea, become congealed, and thus entirely

lose their fluidity.

Since pores are known to exist between the particles of all bodies,

fluid as well ss solid, it may readily be conceived that no fluids can be
abaolutely incompreesible : and experiments have been made from which
it is manifest that spirit of wine, oil, water, and even mercur}-, can, by
pressure, be reduced in volume, in certain degrees ; the fluids which
have the greatest specific gravity suffering the least compression. But
as this diminution is very small when compared with the volume of

the fluid (being for wvter, according to the experiments of Oilrsted

('Trans, of Roj^ Society of Sciences at Copenhagen,' 1818-1822), only

44A> millionths of its bulk for the pressure of one atmoBphere, or about

15 ifbs. on the square inch) for aU practical purposes of hydrostatics

such fluids may safely be considered as experiencing no change of

volume by the oompressionB to which they may become subject.

Experiment has also shown that all the non-elastic fluids possess the

property of transmitting e<iually in every direction the pressure exerted

against any point on their siuiace. If, for example, a piston were
forced into an orifice made in any part of the side of a vessel containing

such a fluid, the effect of the pressure would be experienced equally at

every point on the whole surface of the vessaL This property has

hence been denominated the gvAiiudvtmu propagation of pressure;

and it may be conceived to result from that per^t mobility of the

particles among one another which has been above alluded to, and
which enters into our first conception of fluidity.

But the pressure exerted by a fluid against the sides and base of

a vessel in which it is contained, in consequence of a force thus partially

applied, should be carefully distinguishol from that which is caused

by the gravity of the fluid ; the former being the same in every part of

the flnid mass, while the latter, at every point in the sides, depends on
the depth of the point below the upper surface of the fluid.

It has been said above that a fluid in any vessel will have its upiier

sm&o* in a level plane, or in a horizontal position ; but it must be
obaerrad that, aince the fluids on tbo earth are attracted towards the

oentre ol gravity of the earth (leaving out the consideration of all

dteturbing forces, and considering the earth as a sphere), the particles

most dispose themselvea every way spherically about that centre ; and
consequently the upper part of a fluid in any vessel must be under-

stood to form a portion of a spherical superficies concentric with that

of the earth.

When, however, a mountain is near a sea, the level of the sea must
be deflected somewhat upwards towards the mountain. 1 1 the Oirdilleraa,

lor example, were a hundred times higher than thev are, the sea would
slope upwards along the shores of America on both sides, and the
porta of Franco and Knglaad, with those of Japan and China, would
be left drained.

The quliqu&vcrsus pressure above mentioned lias long since been
proposed to be employed aa a means of transmitting the action of a

moving power to any distance, however great. For this purpose it

ha* been projected to fill with water a horizontal tu)>e having at each
•Ktmity a short arm in a vertical position ; and in each of these
anna to have a piston. Then that which is at one end of the tube
having raceived the action of the moving power, it will, by me.tn8 nf

the flnid, transniit the motion to the other ; the rod of which nhould
be in oonneotion with the macbinvry on which itia intende<l to act.

FVom the aaue property it folIowH that if a fluid at rest in a vessel

be mppoead to ooniist of an infinite number of filaments, or infinitely

slandar columns in vertical positions, the prsesure which, in consequence
of the weight of tlie particlea vertically above is exerted in every
direction by any particle of such filament, will be counteracted by the
iv^nal pnwnire of nil tlip Kinroiinilini; inrticlon, *n as in remain .it re<t.

and act by its gravity on the particle vntioally under it. And that

the preaaure exerted by the fluid against every part of the aurfaoe of

Uis vasMl containing it, will, while the fluid ia atrest, be perpendicular

to ^« Mulaoe; since, otherwise, the reaction of the suruee could not

flotiraly deatroy that preasure, and a part of it would disturb that

eqailibrium wliich, by hypotheaia, is the condition of the fluid in tlie

vsaaiL The amount of that reaction is, of oonne, equal to the weight
of a filament of fluid vertically above the point and extending to the

upper surface of the fluid ; or to the w«pit of any one of the neigh-

bouring filaments comprehended between the upper snrfaoe and a
horizontal plane passing through the said point. The pressure of all

the particles in the upper surface of ttie fluid is evidently nuU.
It may, henoe, also be proved, that t^o pressure on the base of any

veasd containing a fluid, will be the same whatever be the form or
position of the odes of the veasal, provided the fluid have alwayi tira

same height above the base. For let abdc (^Si;. 1) be a vertical

section through a prismatical vessel ; the pressure on any point a of

the base is evidently equal to the weight of the vertical filament b a

;

that on any point c of the inclined side B D is the weight of the fila-

ment c d ; and this last produces no effect on the base, because the
lateral pressures of all the particles in every vertical Aliment, are

counteracted by those of the particles in the neighbouring filamenta.

The same thing must be understood of all the water in the portion

E B D. The pressure on any point e under the inclined side a c is equal

to the weight of the filament e f, together with the pressure arising

from the reaction of the side a c at/, in the vertical direction

/

e ; and
this reaction is, from what has been said, equal to the weight of a
filament which may be supposed to exist above /, with a height equal

to f g. Consequently, the pressure on a b, when the sides of the
vessel are inclined to the horizon, will be equal to that upon the same
base when the sides are in vertical positions. This is the foundation

of the experiment usually exhibited in popular lectiu^K, when columns
of water of equal height, in cylindrical and conical vessels, having
equal bases, but of course containing very different quantities of the

fluid, are shown to be in equilibrio with one and the same weight
applied to prevent the moveable bases from descending.

It may readily be infeiTcd from the above that the pressure on the
base will be eqtial to the weight of a vertical prism or cylinder of the

fluid, whose base is that of the vessel, and whose altitude is that of

the fluid which it contains, whatever be the form or inclination of the

sides.

When the bases of two veasala containing fluid of the same kind are

equal, the pressures on those bases will be proportional to the altitudes

of the fliuds ; and if the altitudes are equal, the pressures will be
proportional to the areas of the bases.

On the same principle may be explained the experiment which has

been denominate the hydrostatical paradox. In this is employed a
cylindrical machine formed of two circular plates of wood, as ab and
c o (Jg. 2), with aides of leather like those of a pair of bellows. A
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tube F E is inserted in an orifice near the bottom, and through this

tube water is poured into the cylinder, till the boards A B and c D are

at any distance asunder within the limita allowed by the leathern

sides. Then, if any weight be placed on the board c D, it will cause

the water to rise in the tube E P to a certain height, suppose a ; and
the weight of the small cohimn a 6 of water may be considered as

holding in equiUbrio the weight applied on c D ; which will, in fact, be
found to be equal to that of a cylinder of water whose base ia the area

of the board c D, and whose height is equal to a 6.

If the tube E F were mad» to decline from the vertical so as to take

any oblique position E f' ; it would follow, since the pressure of a fluid

by gravity depends on the vertical height only of the column, that the

fluid in the tube, from the same pressure on c D, would rise till its

upper surface is in a horizontal plane a a' passing through a : and
the weight of the column of fluid must be estimated by the area of the
horizontal section at 6' multiplied by the vertical height of a' above b'.

Hence, also, any fluid in a bent tube a CB {Jig. 3) will stand in each

Fig. 3.

branch, the tube being open at both ends, at the same vertical height

above c, the lowest point. Thus water, which is conveyed in pipes

from a reservoir, will occupy all the bendj of the pipes, and rise at the

further extremity up to a horizontal plane passing through the surface

of the water in the resen-oir, provided no vertical bend be higher than
that leveL

The power produced by the Htdbaulic Press depends on the prin-

ciple exhibited in the above experiment ; and this experiment is, at the
same time, the proof of that equality of pressure which it has been
aid that the particles of a fluid exert in every direction.

The pressure exerted by a fluid against the whole side of a vessel

containing it, or against a surface immersed in it, whether that side or

surface be plane or curved, is equal to the weight of a column of the
fluid having the surface pressed for a base, and the distance of the
opper surface of the fluid from the centre of gravity of the former
su^soa for its altitude. For let db {Jig. 1) be the position of the
surfuw pressed, and let an indefinitely small area at c on that surface

be represented by m, and be pressed by the weight of the filament rd
of fluid above it ; then, since every part of the indefinitely small area

may be supposed to be at the same vertical depth, which may be repre-

sented by n, it follows that the pressure on e will be proportional to

m ». And the same thing will hold good with respect to every point in

the surface D B. Therefore this surface may be conceived to be pressed
by an infinite number of parallel forces, whose points of application are

on the same surface, and whose intensities are represented by the
products of the elementary areas into the distances of those areas from
the upper surface c D of the fluid. But, by the theory of parallel

forces in mechanics, the resultant of all those forces is a force whose
intensity is represented by the sum of all the elementary areas (that is,

the area of the surface pressed) multiplied into the distance of ite point
of application, that is, of the centre of gravity of the surface, from the
same surface c o. By this theorem the pressure of water against the
walls of reservoirs, lock-gates, Ac., may be determined.
The pressure against one side of a cubical vessel filled with a fluid is

equal to half the pressure upon the base ; for the areas of the base and
of-each side are equal to one another, but the centre of gravity of the
former ia at a distance from the upper surface equal to the whole
depth, and that of the latter at a distiiiice equal to the half depth. It

is shown moreover in treatises on hyiirostatics, that if a hollow cone
'standing on its base be filled with a fluid, the pressure on the lose will

be equal to three times the weight of the fluid ; that the pressure
against the interior surface of a hollow sphere filled with a fluid is also

three times the weight of the fluid. Again, if a vessel of any figure be
full of a fluid, and have over every [art of the sides and bottom a
vertical filament of the fluid reaching to the upper surface, the whole
prsasure in a vertical direction on the bottom and sides of the vessel
will be equal to the weight of all the fluid. La«tly, the pressure
exerted on the sides of a vessel, estimated perpendicularly to the base, is

equal to the weight of a rectangular prism of the fluid whose height is

equal t« that of the fluid, and whose base is a parallelogram, one side
of whioh is equal to the height of the fluid, and the other to half the
perimeter of tb« vasael. (Vince's ' Hydrostatics ;' Gregory's ' Me-
chanics/ Ac.)

It is of importance to determine the place of the centre of pressure

against the side of a vessel filled with a fluid, or against a surface which
is immersed in it; that is, to find the situation of a point in that

surface, at which a force being appUed in a contrary direction to that

in which the fluid presses, the surface will be kept in equilibrio.

Let, for simplicity, the side or surface pressed be rectangular, and in

a vertical position ; let, also, 6 represent the breadth, and a the altitude

of the surface, or depth of the fluid : then 4 a will be the depth of the

centre of gravity below the upper surface of the fluid. Now if x be
the distance of any elementary area of the side below the same
upper surface, such elementary area wiU be expressed hy bdx; and
the pressure of the fluid against it being proportional to the depth,

will = bxd.T, Then the tendency of that pressure to turn the side of

the vessel round, about its upper extremity, which is supposed to be a

horizontal line, will be bxrdx; conse<iueutly the whole tendency of

the fluid to turn the side round in that manner will be expressed by
fb3?dx, which between the limits .c = o at the top, and .c = a at the

bottom, is equal to J 4 o^. But, if r be the re<:|uired place of the centre

of pressure, and its distance from the upjier surface of the fluid be
represented by p, the tendency of the same pressure applied at p to

turn the side about its upper extremity, will be i a' 6 /) ( 4 a'' i being the

horizontal pressure of the fluid against that side). Therefore we have

I o' 6 = 4 <•' ^P> OT p =\a; that is, the centre of pressure Is at a

distance from the upper surface equal to two-thirds of the depth of

the vessel or fluid. And, by writers on hydrostatics, it is proved that,

in all oases, when the surface pressed is symmetrical on each side of a

line joining the centres of gravity and pressure, the latter coincides

with the centre of percussion in mechanics.

When a triangle in a vertical position is immersed in a fluid so that

its vertex coincides with the upper surface of the fluid and its base is

horizontal, the distance of the centre of pressiire from the vertex is

equal to three-fourths of the perpendicular of the triangle. And when
a circle is so placed in a fluid with its upper part just touching the

surface, the distance of the centre of pressure from that part is equal
to five-eighths of the diameter.

The equality of the pressures in every direction, at any point in a
fluid mass, is the cause that, if a solid body be plunged in a fluid, the

pressure of the fluid immediately under it will tend to raise the body
upwards with a force equal to the weight of the fluid displaced. But
the weight of the body is a force acting vertically from above do\vn-

warda ; and, consequently, in an opposite direction to that caused by
the reaction of the water. Since therefore the volumes of the body
and of the displaced water are equal to one another ; if their weights
or densities should be equal, the body would remain in equilibrio

in whatever situation it were placed in the fluid. But should these

weights or densities be unequal, the body would make an efl'ort to

ascend or descend, according as its density is less or greater than that

of the fluid ; and, in order to counteract these tendencies, it would be
necessary to use a force equal to the difierence between the weight of

the body and of the displacefl fluid. Hence, if a solid body be weighed
in a fluid, it will be found that its weight, compared with that of the
same boidy in vacuo, will be less than in the latter case by the
weight of an equal volume of the fluid ; and. conscijuently, when a
body is weighed in a fluid, as water or air, the true weight, or that

which would be obtained in vacuo, will be found by adding to the
observed weight that of an equal volume of the fluid.

When a body floats in a fluid, in order to bring its upper surface to

coincide with that of the fluid, it must evidently be loaded with a
weight equal to the dift'erence between the weight of the body or of

the displaced fluid, and the weight of a volume of the fluid equal to

that of the whole body. The weight which a floating body will thus
bear is denominated the buoyancy of the body ; and on the principle

here stated depend the common rules for finding the buoyancy of

rafts, vessels, &c.

If a solid body float in equiUbrio in a flviid, the centres of gravity of

the boily and of the displaced fluid must evidently be in one vertical

line ; othenvise the upward action of the fluid below, which neces-

sarily has its resultant in a vertical line passing through the centre of

gravity of the place occupied by the body, would produce in the latter

a rotatory motion contrary to the hyiwthesis. Tliis circumstance has
given rise to three denominations respecting the equilibrium of

floating bodies. First, if the centre of gravity of the body should be
below that of the displ.aced fluid, the body is said to possess a stable

or firm equilibrium ; sn that if any derangemeut should take place

from accidental causes, the body would, after a few oscillations, recover

its former position. If the centre of gravity is above that of the
displaced fluid, the body is in circumstances similar to those of a cone
when placed on its vertex, that is, it is liable to be immediately over-

turned ; and hence the bmly is said to float with a tottering or imstable
equilibrium. And if the said centres should exactly coincide, tHe
body would float in any position whatever : this is deuoiiiinated .an

equilibrium of indiflerencc. The first case is that of a cylinder whose
axis is less than the diameter of its base ; the second is that of a
cylinder whose axis is greater ; and the last ia that of a homogeneous
sphere.

The absolute weight of a given volume of any solid or fluid body is

called its specific gravity. In this country, for convenience, it is

customary to consider one cubic foot as the given volume, and to
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es|»MM the weight in avoirdupoia ounces : thus tba weight of • cubic

loot of imin wmter being 1000 ounces, and that of a cubic foot of cast-

imt being 7307 onnoss, those numbcn are used to denote the speoiAo

giSTities of the bodies, ftoa this definition it follows that, when the

Tolames of two bodiss are equal, their spedflc gravities will be pro-

portkoal to their weights : when the weights are ctpial, the specific

gravHies are inversely proportional U> the volumes ; and, in general,

the weigfats of bodies ratj in a ratio compounded of their volumes and
apaaiSe gravitias.

It nay heooe be easily shown that when two 8uids of different

speeifio gravitisa, as watar and mercury, are in equUibrio in a bent
tube, the Tertieal altitudes of the oolimins above the horizontal plane

of junction will be inversely proportional to their specific gravitiea.

For, let M a (/ig. 3) be a line in the plane of junction ; then the area of

the section at ai being common to both fluids, the bases of the columns
in the two faraitches may be considered ss equal to one another. Now,
if the vertical altitude of the column mp he represented by a, and
that of a 9 by a, the s]>ccitic gravity of the fluid in m /> by a, and that

in 9 by < ; then the weights of the columns, or rather the pressures

on every point of their bases, at m and n may be expressed by a s and
A ( ; and in the case of equilibrium these terms ore equal to one
another : therefore we have a : a : : s : i.

The specific gravity of a solid body is readily found by means of the

hydtostatioal balance, an instrument which diners in no respect from a

floinnion halanoe, except in Iwing made with greater delicacy. It is

oustomarr to weii^ the body both in air and in vacuo ; from whence
may be obtained the ratio between the densi^ of the body and tliat of

the fluid in which it is weighed. [Specific QBAvrTT.]
The spedflc gravity of a fluid may be found from the following

proposition : let a -l- & be the volume of a body which will float in the
fluid, b being that of the immersed part ; let also the specific gravities

of the body and fluid be represented by s and i' respectively. We
have then the weight of the body= (a+ b) i, and that of the displaced

fluids is'; but these weights are eqtiol to one another: therefore,

6 : (a-¥b) : : I : $', Consequently, the specific gravity of the solid

body being supposed to be known, we have that of the fluid, after

msking a correction on account of the loss of weight in air. On the

principle explained in this proposition is founded the construction of

the Htdbomitcb, by which the qualities of liquors are usually deter-

mined.
Uy means of the qjecific gravity of bodies may be ascertained the

quantities of the different materials which enter into any compound
body. Thus, let a and v* represent the weights of a mixed metal in

air, or vacuo, and water respectively, t and i' the known specific

giwrtties of the two metals m the mixture, and let x be the weight
X

in^ or vacoo of the heavier metaL Then - = the weight of water

w— X
which would be displaced by x ; —^ = the weight which would

X yj—X
be diq)laoed by the lighter metal ; and we shall have v/ = --¥—;~

;

s(w-VfO —" v—x ( = the weight of the lightermbmtBax- and
s-s"

metal) =

—

jz^—-
It baa been shown that the pressure of a fluid against any point in

an upright wall, or in the side of a vessel containing it, is proportional

to the depth of that point below the upper surface of the fluid ; but,
in determining the form and dimensions of a retaining wall which shall

be e^oally strong in every part of its height, it will be necessary to

oonsidsr that the horizontsJ pressure of ue fluid at any point, as a
(//. 4) (B A I representing a vertical section through such a wall), tends

n,.4.

xdx, between x=o and x=b, will express the sum of all the forces of
the water above c to turn the wall about the latter point. But the
integral between those limits is equal to 1 &* : therefore the tendenqr
of the fluid to fracture the wall at any pomt, as c, is proportional to
the cube of the distance of that point from the upper surface of the
fluid. The stren^ of the wall to resist transverse pressure in the
direction of its thickness is, by mechanics, proportional to the square
of that thickness ; that is, proportional to c D*. Therefore, in order
that the wall may be equ^y strong in every part, the form of a vertical

section should be sueh that the squares of the horizontal ordinates, as

c D, are proportional to the cubes of their vertical depths from the top.

This is a property of the semi-oubical parabula, and the exterior or
interior surface of the wall should have that figure. Agreeably to this

principle also the thickness of tubes containing columns of fluid in

vertical positions should increase from top to bottom, according to the
salne law.

This article may be concluded by an indication of the principles on
which the stability of ships or other vessels on the water may be
determined.

Let ABO {Jig. 5) represent a vertical section through the centre of

Fl». ».

to overturn or ftacture the wall at every other [wint, as c. Now, let
Ba=x, and let the depth of an elementary portion of the wall at a be
rspfesented by d * ; then, if B c be represented by 6, we shall have
ca=6— X, and (6—x) xdrwiU express the force of the water on sn
eleoMntary area at a to turn the wall about c : consequently,/ (6—x)

gravity a of a ship, and let ii o be the surface of the wator ; let also g
be the centre of gravity of the immeraed part, while the plane of the
masts is vertical. Now, by the action of the wind or otherwise, let the
ship be inclined so as to take the position abc ; the centre of gravity

of the immersed ])art and of the displaced water will then be removed
to h, and that of the ship to a'. Draw a vertical line through A, and
let fall upon it the perpendicular o'k; then the stability of too vessel,

or the force by which it resists the effort of the wind to overturn it,

is expressed by the pnxluct of the upward pressure of the wator (or

the weight of the vessel) acting in the vertical line k h into the length
g' k of the lever, whose fidcnim is n'. And, tliat an equilibrium may
subsist, this expression must be at least equal to the pnxluct of the

force of the wind acting against the sails or hull into the distance of

the centre of pressure, or metaoentrt, from the centre of gravity of the

ship.

Hence it is, that the keel and bottom of a vessel must be made so

much stronger, the deeper the vessel sinks. Suppose a vessel sinks

164 ^^^ when loaded ; then the bottom must be able to resist a pres-

sure of 7i lbs. on the square inch, that is, the weight of a cylinder of

wator 164 '^et long, and 1 inch in section. Hence, if a leak should

spring in such a vessel, a weight of 74 lbs. per square inch would bo
required, to keep a plank, thrown across the hole, from being forced

upwards.
HYDKOSULPHOCYANIC ACID. [Cvanooen.]
HYDHOSULPHURIC ACID. [SnLPHUR ; Sulphurelttd Uydrogen.]
HYDROTHIONIC ACID. Synonymous with Sidphuretted Uy-

dronen. [Sn.nn'n.l
HYDiiOTHO'UAX (from Kup, water, and 9ipai, the chest), dro^

of ths chest, is a tomi applied to express the existence of a collection

of serous fluid in the cavity of the pleura.

This collection may take place in consequence of inflammation of the
pleura, which, like inflammation of other serous membranes, tenninates

m effViaion; or it may result from the causes of general dropsy,

—

namely, some obstacle to the circulation through the heart, or organic

dlssasB of the kidney. When it, arises &om the former cause it is

merely a symptom of pleuriny. In some cases of pleurisy, however, in

which pain is absent, and in which fever does not exist, or is nlight,

this effusion and the difficulty of breathing to which it gives rise con-

stitute almost the only symptoms of the disease. Abundant effusions

of this kind, unattended by pain or fever, sometimes take place very

rapidly, especially in old persons and in adults in a cachectic condition.
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When hydrothorax results from inflammation of the pleura, it gene'

rally exists on one side only of the chest. A\Tien it is a consequence of

obstacle to the circulation through the heart, or of organic disease of

the kidney, it is generally double, although the efifusions into the two
pleural cavities may not take place quite simultaneoiisly. In the latter

case, also, hydrothorax is found in connection with general dropsy. At
first there is oedema of the lower extremities ; this oedema gradually

extends to the integuments of the trunk, to the arms, and even to the

face ; and, subsequently, serous fluid is eftised into the cavities of the

pleura, giving rise to hydrothorax, and into those of the pericardium

and peritoneum.
A collection of fluid in the cavity of the pleura may be detected by

physical signs : a dulness on percussion, and, when the effusion is

moderate, a diminution of the respiratory murmur, and the presence of

£cgophpny, on the affected side. If the effusion be so considerable as

entirely to prevent the expansion of the lung, there is a total absence

of segopbony or of any respiratory murmur on that side, whatever be

the force with which inspiration is made, while on the opposite side

the 'respiratory murmur is unusually audible.

When one side only is affected, the patient generally lies on that

side ; when the effusion is double, he Ues on his back ; or, which is

the case when the effusion is considerable, he can breathe in the erect

position only. The diiEculty of breathing is generally greater in pro-

portion to the rapidity with which the fluid is effused. [Pleuhitis.]

HYDROTIC ACID. [Sudobic AciD.]
HYDRURETS. [Htdbooen.]
HYDRUS (constellation), the Water-snake, commonly called the

Southern Snake, a constellation of Lacaille. It is situated between
the south pole and the bright star in Eridanus (Achemar).

Character.

a
i

No. in Catalogt:o

of Lacaille.

695
605
747

No. in Catalo^e
of Briti-ih

Association.

603
628
756

Magnitude.

4
8
4

HYGIEIA {"tyttia), the goddess of health, called also Salus by the

Romans, was the daughter of .^sculapius, with whom she was fre-

qaently associated in worship, both by the Greeks and Romans. She
was worshipped as the goddess of both mental and bodily health, and
in some of her attributes resembled Athena, one of whoso titles was
Athena Hygieia. Representations of Hygieia, both alone and with her
father, are very numerous in ancient art. S)ie appears always as a
virgin of beautiful form, and pleasing expression, and is cUd in a

long full robe. Most frequently, she is giving drink to a serpent from
a patera which she holrls in her left hand. The annexed cut is from a
terra-cotta bas-relief in the British Museimi.

Hygieia from ttic British Museum.

^YORCMETER {iyp6!, moist, and firrpon, measure). In physical

experimenta it sometimes becomes necessary to a-icertain the quantity
of aqueous vapour contained in the atmosphere or other aeriform fluid

under examination. To attain this object several instruments called

hygrometers have been invented, and are known by the names of their

authors, as De Luc's, De Sausaure's, &c. These foi- the most part rest

upon one common principle, the diminution of bulk which takes
place in organic tissues consequent upon the abstraction of moisture.
Thus De Luc employed a thin slip of whalebone, the contractions of

which indicated the variations of moisture ; and De Saussure had re-

course to a human hair, by means of which he constructed a far moro
delicate Instrument ; but this was exceecUngly liable to derangement,
and unleas prepared with extraordinary care was uncertain. All of

these, however, were nearly superseded by the hygrometer invented
by the late Mr. Daniell, professor of chemistry at King's College,

London, first described by that gentleman in 1819, in the Sth volume
of the ' Quarterly Journal of Science

;
' subsequently in his ' Meteoro-

logical Essays,' and in his posthumous work on ' Meteorology.' It

consists of two thin glass balls one inch and a quarter iu diameter,

connected by a glass tube about seven inches in length The tube is

bent in two places at right angles so as to form three arms of vmequal
length, the longest of which contains a small thermometer, whose bulb
descends into the lower of the two glass balls. This ball, after being

filled about two-thirds with ether, is placed over a spirit-lamp until

the vapour of the ether has expelled the contained air through a capil-

lary tube which is left open for the purpose, and afterwards hermeti-

cally sealed. The other ball is then covered with a piece of muslin,

and the instrument thus adjusted is placed upon a stand, to which is

attached a small thermometer indicating the temperature of the ex-

ternal air. When about to be used a small portion of ether is poured
upon the muslin, which, by evaporating, lowers the temperature of the

glass ball, and thereby occasions a rapid condensation of the ethereal

vapour contained within the instrument. The condensation of the

vapour within the tube produces a continuous evaporation from the

surface of the ether in the lower ball, by which the temperature of the

included ether is continually reduced until a deposit of moisture from
the surrounding atmosphere is observed to take place upon the exterior

of the glass. At this instant the inner thermometer, which always

indicates the temperature of the ether, is observed, and thus the dew
point, or that at which the precipitation of atmospheric moisture takes

place, is determined with considerable accuracy. Haviug ascertained

the dew point, and likewise the temperature of the external air, the

actual quantity of moisture contained in a cubic foot of air will readily

be found from the formula,

,,,.,.. - . 5656-2
^^ eight m grams = ^—-—- x p,

44o + t

where I denotes the temperature of the external air, and p the elas-

ticity of aqueous vapour at the temperature indicated by the interior

thermometer. The value of p for every degree of the thermometer is

given in Mr. Dalton's tables of the expansive force of steam. (' Man-
chester Memoirs," v. 559.)

But this instrument, so excellent in theory, is veiy costly on aocoimt

of its great consumption of ether, and is scarcely useable in hot

climates, owing to the difficulty of preserving that liquid. It has also

been objected to by competent authority, because an ejcperimsnt has

necejisarily to be made to obtain an observation. At the Royal Obser-

vatory at Greenwich, however, it appears to have been employed for

the determination of the dew-point from the commencement of the

meteorological observations in the year 1840 until the end of 1847,

since which, to the present time, that element has been exclusively

inferred in those observations from the simultaneous reading of two
thermometers, the bulb of the one being dry and the other wet, agree-

ably to the method which has now almost univeisally superseded

every other, and which is explained in the next article.

Under the liead Dkw, some experiments of Dr. Wells and of Mr.
Glaisher have been noticed, having an important bearing upon the

use of many inorganic as well as organic substimces for hygrometrical

purposes, as well as upon the necessity of screening hygrometrical

apparatus from the effects of its own nocturnal radiation.

HYGROMETRY is that part of natural philosophy which relates to

the determination of the humidity of bodies, particularly of the atmos-

phere : it comprehends also the theory of the instruments noticed in

the preceding article, which have been invented for the purpose of

ascertaining the quantity of water contained in a given volume of air.

The experiments of Dr. Dalton have proved that the water received

from the earth is not dissolved in the atmosphere, and that it exists

there in the state of vapour, and forming, statically, a distinct

atmosphere from that of the air, though coexisting with it in the same
space. That philosopher discovered also, that the quantity of vapour
contained in a portion of the atmosphere depends greatly upon the

temperature of the latter, and that it is very variable even when the

temperature is constant. He ascertained moreover that when a

quantity of aqueous vapour at a given temperature is diffused through

any space, it will support the same external pressure, whether previously

that space had been void or occupied by air. On these principles are

founded the methods which have been used for determining the

absolute quantity of moisture in a given volume of air by means of the

hygrometer : the requisite data being the elasticities of aqueous vapour

at different temperatures, and the corresponding indications of the

instrument.

The tension or elasticity of watery vapour corresponding to every

degree of Falu-enheit's thermometer, from zero to the point of boiling

water (measured by the height in inches of the column of merciiry

which the vapour will support when the density of the atmosphere is

represented by 30 inches), has been determined by Drs. Daltou and
Ure, who for this purpose introduced a small quantity of water into

the vacuum of a barometer, and observed how much, at different tem-

peratures, the vapour arising from it depressed the column of mercury

;

and tables of such tensions are published in the fifth volume of the
' Manchester Memoirs,' and the ' Philosophical Transactions ' for 1818.

Previously to stating the manner of determining the relation between

the indications of an hygrometer and the state of aqueous vapour with
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to tmuaaa, it will be proper to notiee the foUowing drcuin-

I
:—When an hygrotneter, like that of Siwiaure or De Luc ii

Intiuduced into a oloae voael, or into any part of naoe fuUy aturated
with aqueous vapour, H ia ofaMnrad that, whatovtr be the temperature,

the index pointa to the Mine degree ; nom which it may be inferred

tlut equal quantitiea of vapour have been ahaorbed by the material

(hair or whalebone) of which the instrument consiats, notwithitaoding

the difltamoe of temperature. In fact the vapour in the veaael, or

apaoa, ia in auch a atate that the preaeooe of a material having the least

poaaible attnotion for water is suflleieot to produce a precipitation of

the latter : the hygroaoopie material has an attraction for water, and
thus it alaarfas that whidi ia prseipttated. But the quantity absorbed

is ao snail as not to diminish seosiUy the dssticity of the vapour in the

Ttasd ; and therefore the absorption oontinuea to the full extent uf the

attnetioa of the material : the quantity thus absorbed is necessarily

twmstint, unleas the attraction undergo some diange fay a change of

tomperatore ; but ezperienoe proves that the attraction of the material

k not aenaibly altered by sucn change within the usual limits of the

^iitometrie scale.

When the vaaael into which the hygrometer is introduced is not
oonpletely aatonted with water, the qtuntity of water absorbed by the

hygnjsoopic material is limited by the power of the latter to absorb the

prMipitated moisture: that power diminisheg in proportion to tlio

quantity received, ao that the attraction of the material for water
ceases to act when it is equivalent to the pressure which the vapoiu*

can support without becoming liquid ; and the elongation of the hair

or whalebone then ceases, or the index remains stationary on the scale.

In order, then, to determine the Uw according to which the attrac-

tion of the hygroscopic material fur water diminishes as the precipi-

tated water is absorbed by it, or, in other words, to find on the scale of

the hygrometer a number of pointa corresponding to any given elosti-

citias of the vapour. Gay Lusaac put water into a vessel of glass ; and,

having determined the elasticity of the vaponr arising from it, he
suspendwl from the upper part of the vessel a delicate hygrometer of

the kind invented by Saussure. The vessel was then closely covered,
so that there might be no commimication between the vapour within
aod the external air ; when, after a short time, the index of the hygro-
meter became stationary at a certain point on the circumference of the
graduated ring which served as a scale ; this point thus became an
mdication of the elasticity of the va|>our. Exjioriments of the like

kind being made with vapour of ctiual temperature, but in different

states of dasticity, between those which correspond to extreme dryness
and complete saturation, there were obtained so many points on the
scale of the instrument as indications of the elasticities of the vapour.
From the results of these experiments, M. Biot found, by interpo-

lation, a table of the elasticities of vapour for every degree uf Saussure's
hygrometer, the temperature being 10* of the centigrade tbemiotnetcr
(90* Fahr.). He also formed a table showing the degrees of the hygro-
meter corresponding to every degree of eListicity. The extremes
of dryness and moisture on the scale, and also the corresponding
extremes of elsatieity, were indicated respectively by and 100 (Biot,

'Traits de Physique,* liv. L ch. 13); but the elasticities or tensions

WDold be more conveniently expressed in terms of the elasticity at the
point of complete saturation, which is then represented by unity.

The numben in the table are formed from the observed tensions at
a ooBStont temperature eqiuU to 50* (Fahr.) ; and it might be supposed,
siiioe the index of the hygrometer stands constantly at 100° when the
material is acted on by vapour in the state of n«vimiim tension
whatever be the temperature, that the index should stand at one point
on the scale when the tensions of the vapour have the some proportion
to the maximum tension at their res]>ective temperatures : this suppo-
sition is nut quite correct ; but it may be presumed that in using
Blot's table fur temperatures diiforing from 50 Fahr., the error in tlie

taoiiona win not be considerable.

Oay Lusaac having proved that vapours, whether those of pure
water or those of different liquids intermixed, while tliey retain their
character of elasticity, suffer the same variations of volume by variations
of pressure as are suffered by fluids, which are permanently eUstic
wttam ordinary nmgas of temperature and pressure, determined, by
sabsequent experiments, the volumes of the vapour produced by a given
weight of water at given temperaturea and under given atmospherical
prsssures ; and thus, oonsequenUy, obtained the quantity of muisture
in a given volume of vapour. The results of his experiments were
rsduwd to a formula bv Biot ; and subsequently, with certain modifioa-
tiuiM, ti, one in English weights and measures by Dr. Anderson, the
writer of the article on Hygrometry in the ' £Ulinburgh EncycloptnUa.'
This formula ia

10958 n.F
"^

447 4 + *
'

ia which o i«, in grains, the quantity of moisture in a cubic inch of
^nfoar U the temperature represented i^ ( (Fshrenheit's soale), » is
Oedsatie (oroe of the vapour st the same tempsntore, and a ia the
height of the barometrical oolamn m inches at the time of the experi-
eot' It agrees nearly with that which was obtained by Dalton from
experiments on the state of tlie thermometer at the dew-point, the
height of the merourial cohmm in that result being 80 iaohee. From
tUsfcrarak, the temperature I being SO" (Fahr.), a-M inches, and

p»0°S75 (from Dalton's table of the elastic force of vapour corre-

sponding to that temperature and that density of the air), we
liave o — '003477, the grains of moisture in a cubic inch of the
vaponr.

The value of a being thus found for any given states of the )>aro-

meter and thermometer; the weight of moisture, in grains, in a cubic

inch of air of the like density and temperature, and oorrespondin^' to

any observed degree of Saussure's hygrometer may be obtained on
multiplying that value bv the number in Biot's table corresponding to

the obesrved degree and dividing the product by 100 ; this division

must be made because, in that table, 100 represents the elasticity of

the vapour when in the state of complete saturation.

The extreme points on the scale of an hygrometer acting by the
elongation of a material, like those of Saussure and De Luc, may be
foimd in the following manner : the instrument is to be placed under
a receiver in which is a certain quantity of dry caustic alkali ; when,
after a time, the material will contract in length as much aa its

nature will jxirmit ; the point on the scale at which the index stands is

that of extreme dryness, and constitutes the zero point The instru-

ment may then be placed in water, or in a receiver tilled with vapour
completely saturated with moisture, when the material will expand to
the greatest extent possible : the place of the index is then to be con-
sidered as the point of extreme humidity, and is usually indicated by
100. The employment of organic substances in hygrometiy, has how-
ever, been long since almost disused, for exact purpoees.

Leslie's hygrometer consists of a glass tube bent so as to form two
equal branches parallel to one another, and each terminating with a
hollow ball into which is introduced sulphuric acid, coloured. One of
the balls is covered with cambric, which is kept constantly moist by
water from a neighbouring vessel ; and the evaporation of the water,
by cooling that Ixill, allows the air in the other, by its superior
elasticity, to depress the acid in the tube below and force it to rise in
the other. The degree of evaporation depends partly on the tem-
perature, and partly on the state of the siu'rounding atmosphere with
respect to humidity ; and hence the depression of the acid in the tube,
being measured by a convenient scale, afiurds an indication of the
relative dirness of the air. In order to determine the absolute
quantity of moisture in a given volume uf the atmosphere by the
state of his hygrometer, Leslie, having found from some exiKM-inicnts
that the capacity of air for caloric was J of that of water, and having
ascertained that the quantity of caloric necessary to convert a given
volume of water into vapoiU' was expressed by 6000 degrees of his
instrument ; concluded that the same <|uantity of caloric would raiso

an cfiual volume of air to a temperature expressed by J x 6000, or
16,000 degrees of the instrument ; and consequently that, at the tem-
perature of the wet ball, atmospheric air contains a quantity of
moisture equal to j,^ part of ita weight for each degree ; the scale
between the points of extreme dryness and extreme moirture lieing
divided into one thousand parts. CTreatise ' On the Kelations of Air to
Heat and Moisture.')

From the fact that the elastic forces of pure vapour and of vapours
mixed with atmospheric air arc equal to one another, the expansion
which air tmdergoes in consetiuence of being saturated with moisture
moy be found. For if v represent a given volume of dry air, V the
volume when saturated, .ind B, in inches, the height of the barometrical
column ; then the elastic force of tlie air, imder the increased volume

v" is _:- Now P representing the ekstio fcsxe of tiie vapour in inches

of mercury, which, for the given temperature, may be found from
Dalton's table, the sum of the eUstic forces of tlio air and vapour will

be expressed by F -f -^ ; and tlus being made equal to B, the pressure

of the atmosphere, the value of v'-v maybe foumL Making v = l,

that value expresses the expansion in a fractional {lart of the volume of
dry air.

At any place on the surface of the earth, the mean temperattue at
which moisture begins to form in the atmosphere may be found from
Dalton's formula =jkx (•'-'''). in which E is the number of grains
evaporated in one minute from the surface of water in a cylindrical
vessel 6 inches in diameter and 1 inch deep, r is tho clastic force of
vapoiu- in tho atmosjihere at a given temperature, whicli may be the
mean annual temperature at the place (50' Fahr., for Ureat Britain),

and r' the elastic force exerted at the time that tho moisture b^;ins to
form : H is, iu grains, the evaporating force in on atmosphere supposed
to be perfectly dry ; and Doltun has given a table of such forces for

different temperatures, tho atmosphere being at rest, in gentle, and iu
violent motion. In the table, the temperature being 212°, the height
of the barometrical column 30 inches, and the wind blowing moderately

,

Uie value of M is 154 ; and substituting this value in the formuU, we
have F'sF-Jx.
The mean annual ova|)orotion iu Qroat &-itain ' •""""

!
"'1 inches or

'01165 grains per minute : this last number ix lud by the
area of a circle 6 inches in diameter, gives O'S'^ .^ {>vr minute
( = R) from avessel uf that magnitude; hence F'= i'-o-ott47. But, by
Dalton's table, the elastic force (r) of vapour at a temperature equal
to 50" is expressed by 0'S75, in inohes of mercury; hence F'='8103
inches. .Substituting in the above formula for a this value uf r' in
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place of P, and SO inches for B, we get '00205 for the number of grains

of moisture in a cubic inch of air corresponding to the elasticity f'.

To this number corresponds the temperature 44° 16'; which may be
found by inspection in a table formed to contain the values of u for

diijerent degrees of temperature.

The subject of hygrometry, including the principle and construction

of the numerous instruments which have been employed for the pur-

pose of determining the amount and tension of aqueous vapour in the

air under various circumstances, has formed, during a century past,

so considerable a part of meteorology and experimental physics—espe-

cially from the time of the publication of a celebrated paper by De Luc,
in the ' Philosophical Transactions ' for 1792—and is so intimately

connected also with the history of the progress of science in that period,

that we have thought fit to retain, with a few slight insertions and
alterations, the preceding portion of this article as it originally appeared
in the first supplement to the ' Penny Cyclopaedia,' in the year 184(;. But
it has already been remarked, in the article Dew-poist, that for the
determination of that critical temperature and its depression, the indicia

of all hygrometry, the simultaneous observation of the dry-bulb and the

wet-bidb thermometer is now almost universally adopted, according to

a method we shall proceed to describe.

In this method the bulb of the wet thermometer, as described by
Mr. Qkusher in the Introduction to the 'Greenwich Meteorological

Observations' for 1847, is covered with a piece of fine muslin;
immediately under it is placed a small cistern of rain-water. A
piece of cotton lamp-wick is connected with the muslin, and its end
dips into the cistern of watery the water ascends the wick by capillary

action, and keeps the muslin on the thermometer constantly wet. In
frosty weather the m\isUn is moistened for a sufficient length of time
before each observation, in order to allow the water to have become
frozen, and the evaporation from the surface of the ice to have
commenced, at the tune of making the observation ; the evaporation

of the ice will depress the temperature, as if it had remained liquid.

These thermometers should be placed and observed in such a locality

as shall afibrd the best chance for procuring a fair indication of the
moisture of the general atmosphere, and by no means in any confined
or ill-ventilated situation, or where many persons habitually congregate,

or which, from any other cause, is usually or periodically damp. The
whole apparatus should be protected by a cap of wire-work to defend
it from injiuy, which, however, if it interfere with the readings of the
thermometer, should be removed a quarter of an hour before the
observation. At night the thermometers should be completely screened
from the sky, so as to annihilate all loss of heat by upward radiation.

The dry thermometer is to be fiAt read, and in reading it, as in all

readings of such instruments, tiie observer should avoid touching,

breathing on, or in any way warming it by the near approach of his

person ; and in night observations particular core should be taken not
to heat it by approach of the light. The quicker the reading is done
the better. The observer will then enter the simple readings, but at

the head of each column place the zero eomction (with its proper
sign) required for it« thermometer, and leave a blank column for the
hygrometric depression, or depression of the dew-point, in calculating

which subsequently the zero must be applied.

The reduction of the observations to derive the dmtie force nf rap<mr
at the tUte-pomt is effected by the formnlie of Dr. Apjohn :

—

d h d k
' = •^~ 88 • 30 • • • • ^"^

'
* = '' ~ 96 • 30 • • • •

<*>'

(a) To be used when the reading of the wet thermometer is above
32°, and (6) when below. In these formulse d is the hygrometric
depression, k the height of the barometer, / the elastic force of vapour
for the temperature shown by the wet thermometer, to be taken from
an appropriate table of the elastic force of aqueous vapour for every
degree of temperature through a sufficient range, and K the elastic force

of vapour at the dew-point, which (all other quantities being known)
these formulae enable us to calculate. If, with F so calculated the
me table be entered under the column of force of vapour, the corre-

sponding temperature is the dew-point, which, however, is not wanted
to be known except for objects distinct from that of this process of

hygrometry. In all these calculations Mr. Glaiaher's ' Hygrometrical
Tables,' which form a separate publication (second edition), will be
found of great value, including as they do all the requisite data and
corrections.

Among these tables, which were originally published in the ' Intro-

ducUona to the OresDwioh Meteorological Observations,' is one which
shows the elastic foroe of vapour, in inches of mercury, for every tenth
of a degree, from 0° to 90', calculated from the experiments of Dalton,
and those of the late Dr. Ure, noticed in tiie preceding port of this

article. The history of this table we shall brielly state, as it involves

the verification of the quantities now generally employed in the re-

duction of hygrometrical observations, as well as that by implication
of l)T. Apiohn's formula; already given. Before deciding upon the use
of the table, many comparisons were made by Mr. Glaisher between the
observed dew-point, and that deduced from the observed temperature
of evaporation by means of the formula; of Dr. Apjohn (originally

published hi tha ' Proceediogs of the Koyal Irish Academy,' for 1840),
using the values of the elastic force of vapour as given in the ' Report
(4 the Committee of Physics including Meteorology ' of the Royal

Society of London, 1840 ; and also between it and that deduced from
the values of that force and the formulje given by Professor Ksemtz, in

his work on Meteorology, It was found in this comparison that the

errors of the inferred dew-points were considerable with both sets of

tables. Similar comparisons were made, using the table in question,

and the errors were found to be always small. Dr. Apjohn's formulse,

combined with it, gave results in close accordance with direct observa-

tions of the dew-point. It follows therefore that it represents with
considerable accuracy, the relation between the tension and the tem-
perature of steam.
We must not conclude, however, while on this branch of the subject,

without directing the attention of the reader and hygrometrical
observer, to the following remarks of Sir John F. W. Herschel :

" The
discussion respecting the formulie and coefficients of reduction of

observations of this nature can hardly be regarded as satisfactorily

terminated ; and it cannot be denied that great difficulty still subsists

in determining, by any mere reading of instruments, the exact hygro-

metric state of the air. In the absence of direct observation of the

Dew Point, the actual absorption and weighing of the water contained

in a given volume of air seems to be the only method free from
theoretical objection, and it might not be very difficult to contrive a

portable apparatus for this purpose." ' Meteorology,' in ' Admiralty
Manual of Scientific Enquiry,' 3rd edit., 1859, p. 134, note.

The ' Greenwich Magnetical and Meteorological Observations,' for the
years subsequent to 1847, have appeared in an Appendix (also issued

separately), to the iinnual volume o{ ' Astronomical Observations

made at the Royal Observatory.' The hygrometrical deductions are

stated for each month among the results of the ordinary meteorological

observations, under the head of ' Hiuuidity of the Air, and consist of

the temperature of the dew point, the elastic force of vapour, the
weight of vapour in a cubic foot of air, the degree of humidity, and the

weight of a cubic foot of air. From August 24, 1856, hourly observa-

tions have been made once in every week during tweuty-four hours,

the hygrometrical deductions from which, stated for each hour, include

also that of the vapour required to saturate a cubic foot of air. Those
deductions, together with the other meteorological elements, are

further given in the form of monthly means. It is explained in the
' Introduction to the Observations for 1857 ' (the latest which have
been published) that, the dew-point having been inferred exclusively

(as noted in the preceding article) from simultaneous observations of

the dry-bulb and the wet-bulb thermometers ; in order to find the

difference between the reading of the former and the dew-point, the

difference between the dry-bvdb and the wet-bulb readings has been
multiplied by a factor taken from the following table, which has been
deduciad by Mr. Glaisher from the comparison of all the simultaneous
readings of the dry-bulb, wet-bulb, and dew-point thermometers from
the year 1840 to the end of the year 1854. The dew-point having
been thus found for each individual observation, the mean li:is been
taken for each day (as defined from midnight to imdnight), and this

mean is corrected by application of the elements in Mr. Glaisher's

paper ' On the corrections to be applied to the Monthly Means of

Meteorological Observations taken at any hour, to convert them into

Mean Monthly Values
;

'
' Phil. Trans.' 1848, part i.

Table op Factohb bt which tde biFFEOENCE of Headings of the Drv-bulb
AMD WKT-BVZ.B TuBBMOICETBas 18 TO RE XVLTIPLIKD, IN OEUEa TO PBOUT.'CE

THE OCFTEBBIICB BBTWEBN THE ReAOlNoa OF THE DRY-ltUl.n ANU DeW-
POINT TnERHOUETEBB,

Reading of Reading of Reading of

Dry-Bulb Dry-Bulb Dry-Bulb
Thermometer, Factor. Tliermomcter. Factor. Thermometer. Factor.

20' 8-1 44' 2-2 08' 1'8

21 7-9 45 2-2 69 1-8

22 7-6 4G 2-1 70 1-8

23 7-S 47 21 71 1-8

24 6-9 48 2-1 72 1-8

35 6'S 40 21 73 1-8

26 6-1 50 2-1 74 1-7

27 S-6 51 2-0 75 1-7

28 »•! 52 2-0 76 1'7

29 4-6 S3 20 77 1-7

SO 4-2 54 2-0 78 1-;

31 3-7 55 20 79 1-7

32 3'3 50 2-fl 80 1-7

33 3-0 57 1-9 81 1-7

34 2-8 58 1-9 82 1'7

35 2-0 59 1-9 83 1-7

36 2-9 00 1-9 84 1-7

37 2-4 CI 1-9 85 1-7

88 2-4 G2 1-9 86 1-7

39 2-3 03 1-9 87 10
40 2-3 C4 1-9 88 10
41 2-3 63 1-8 89 IC
42 2-2 60 1-8 90 10
43 2-2 67 1-8

(Ci.ouD; Dew-Point ; Dew; Evaporatior; Hail; Hoab-Frow;
Meteoholoot ; Rain; Snow; Vapour.)
HYMEN, or HYMEN.iEU8, the god of marriage, was the son of

Apollo and a muse. In very early legends he was described as a mortal
of extreme beauty, who delivered from captivity some Attic virgins
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«ho iMd bsaa curicd to Elauik by PdMsUn iibmtei. FarthbwrTioe
ha wm rrmrdad with • maidaa of whom he wm dacply enunoured

;

aad on aoeoaat of hii ooodoot, and tho happiiMH of hU mwriage, he

«M iBToked in faridiJaaiigi,Uianee oiled hyoMOMlmigi- Buttarenil

oUmt Iwaoda are related, which aooount for hia apotheoaia in a nome-

what diffaroit maniier. In ancient art he ia repreMoted aa a tall and

iliynt, but aomewhat eflcminate youth—« larger and more aarioiu

Eroa. He aaaaUTCstriea in hia hand the briiUl torch, and aomelimea

wean on hia bead, or around hia neck, a wreath ut floncrs.

HYMN <,ho>n), a aong o( praiaa and adoration, in honour of a Duty,
and by the Habrawa, aa well aa the Oreaka, accompanied on aome
muacal inatrument. The Te Dewm and Bemtdidiu are, in our liturgy,

both called hymna : the former ia auppoeed to have been written by

St Ambreae; though St. Hilary, biiibop of Poitieis, ia mid to have

bean the fint who compoaed hvmnii for the diurcli. To Pnidcntius is

aaeribed moat of thoae which appear in the Koumn breviary. The
hymn ihould be a aong of joy, not of lamentation, aa is too often the

•Ma in the preaent day. Such was the opinion of St Isidore, who gave

lo the aoog of oom|daut and Borrow the name of thrtna, from threnoa

(tfUm), ''lainentation.''

The term ia now applied to any short religiona poem aimg in ]>lacea

of public wmahip, not being a version of a psalm, or talcen directly

from any of the canonical hooka of Scripture.

HTOCHOLALIC ACID (C„H„0,). A peculiar crystaUine acid,

produeed along with sugar of gelatin by the action of potaah upon
hyoehoUo acid.

HYOCHOLIC ACID (Cj,H„NO,„). TWs acid, in combination

with aoda, constitutes the chief portion of the bile of the pig. It is a

white reainous body, fusible in hot water, and then pre«enlinf; a silky

aspeaianoe. It is very slightly soluble in water, by which it is dia-

tUKuiahed from cholic acid. It gives insoluble precipitates with lime

and baryta.

HYOCHOLOIDIC ACID. [Htodtsltsin.]
HYODYSLYSIN (C„H„0,). An homologue of dplyain, produced

by the action of boiling hydrochloric acid upon hyocholic acid. It is

insoluble in water, ammonia, and potaah, tolerably soluble in ether,

and but slightly aoluble in alcohol. Its formation is preceded by that

of a peculiar resinous acid, tenned hyocholOidif acid.

HYOSCYAMINE, y/vwynma, the active .ind alkaline principle of

the Jfj/anfamiu nigtr and other varieties of henbane, from which it is

obtained by a very complex and tedious proceaa.

The properties of hyoecyamine are :—It crTstallises in stellated

groupa, which have a aiUcy lustre ; and it is often obtained in the state

of a oolourleaa, viacid, adheaive maas. When perfectly dry it is

inodoroua ; but when moist, especially if impure, it has a disa^«eable

stupefying anwll, reacmbling that of tobacco. When anhydrous, hyos-

eyamine baa not an alkaline reaction ; but when mixed with water it

baa, on the contrary, very permanently alkaline propertiea. It is not
volatile at common temperaturea, and undergoes no change by exposure
to the air. It melts at a low temperature, flowing like oil, and is volati-

liaed at a high temperature ; a large portion of it is then decomposed,
beooming oarboniaed and yielding ammoniacal vapour. It ia alao partly

Tolatillaed by the viqiour of boiling water, and communicatee to the
diatilled water the properties of a narcotic poison. It ia readily

aoluble in water, and iodine added to the solution gives a kermes-
ooloured precipitate ; tincture of galls gives a white precipitate

;

chloride of gold precipitates whitish flocculi ; solution of chloride of

platinum gives no precipitate whatever. It dissolves also in alcohol

and in ether.

Hyoecyamine bimu with a sooty flame ; concentrated nitric acid

dianlvee it without acquiring colour, and sulphuric acid renders it

brown.
Hyoacyamine exista in combination with an acid ; it neutralises acids

perfectly, and ita power of saturation is great. The salts which it forms
by direct oomfainstion with dilute acid mostly ciystallisc, are inodorous,
but have an acrid nauaeous taste, are uatlterable in the air, and are
•stremely poiaonous.

Hvoaeyamine ia a narcotic poison, like narcotine, and proves fatal as

qnidily aa conine.

HYOSCYAMUS KIOER. The medical usee of //yoM^amw nigtr,

or henbane, have been detailed at the end of the article Hyosotamcb, in

Nat. Hmt. Pit.
HYPiETHRAL. [Tbiipuc.]

HYPEHBOLA. In oonneetJoa with thisarticle see Coiric Sections
;

Elupbi; Paramla.
The hyperboU ia one of the curvea known by the name of conic

aetlona. It ia in the application of mathematioa the leaat uaeful of the
tkraa ; indeed, ao very rarely doea the neceasity of using it occur, that
it nay be a queation whether the study of it should form a part of a
floone of practical mathematica. But there are in pure analyaia ao
many analo^iea which are illustrated by distinctions existing between
the propertiea of the rilipaa and hyperbola, that the student who
mfinm to more than eiamentary knowledge cannot dispense with the
ooomariaaa of the two eurvea.
Tba two branchea paasing through a and M form a complete hyper-

bola, derived from the oone, or from Uie general equation of the second
dagree. rComc StcTtona.] There is a pair of stiaight lines paasing
throo^the onrrac o, namely, l'c Land k'c k, which are asymptotes to

the enrre. There are two foci (as in the ellipae) a and B, the position

of whieh may be thua found when the principal axis a k and the
aaytnptotea are given : from a draw a t perpendicular to the axis ; then
c s and c a are both equal to c v.

The difference of the focal distances n P and 8 P ia always equal to the

axis major a u : in the branch passing through a, B P is greater than

s p, and rice rend. The tangent p T always bisects the angle 8 p B ; and
p N, the ordinate perpendicular to the axis, being drawn, c a is alwaya a

mean proportional between c T and c N. There ia also a directrix, as in

the ellipse, found by taking on the line c s, c K, a third proportional to

cs and ca, and drawing through K a perpendicular to the axis ; and, as

in the ellipse, 8 P always bears the same proportion to P R, namely, thtt

of c 8 to c A. And B divided by c a is called the exctniricity, the dis-

tinction between the ellipse and hyperbola being that in the former the

excentricity is less than imity, and in the latter greater. The double

ordinate drawn through s or H is called the latut rtxitim of the hyper-

bola, and its half the semi-latus rectum. Thus far the resemblance

between the ellipse and hyperbola is very visible : at the aame time

it is obvious tliat there is nothing in the latter which answers to the

minor axis of the elliiwe, or to conjugate semidiamcters. But if another

hyperbola be described in the manner immediately to be pointed out,

a figure will be obtained which will enable us to point out properties

annwcring in all re8|>ect« to those of the ellipse. Complete the rectangle

c A V B, and describe another hyperbola of which c B is the semi-axia,

and the same lines as before the asymptotes. This hyperbola is said

to be comjugate to the former one ; and its foci s' and ii' are at the

same distance from the common centre as s and B.

In the ellipse, c a was called the major semi-axis, as being greater

than c B, the minor semi-axis. Let the words major and minor refer

to the importance of the several axes, and not to their magnitude.

Then c a is called the major semi-axia (or the semi-major axis) of the

hyperbola passing through a and M, and c B its semi-minor axis. Con-

versely, c B is the semi-major axis of the hyperbola passing througli

B and b', and c A is its semi-minor axis. Generally, the major axis of

an hyperbola ia that which cuts it, and the minor axis that which cut«

the conjugate hyperbola.

As in the ellipse, the square on the ordinate p N is to the rectangle

of M N and N A (which is the excess of the square of c K over that on

c a) in the projwrtion of the square on c B to the square on c a. If c d
be drawn parallel to the tangent p T, D is said to be conjugate to P, and
the semi-diameter c D conjugate to the semi-diameter c p. If the

lorallelogram p c D K be completed, the point k will always fall on the

asymptote, and the other di-igonal n P will bo parallel to the other

asymptote. And c P, any scmidiameter falling in the acute angle of

the asymptotea, alwaya exceeds its semiconjugate o D ; and the excess

of the square on c P over that on CD is equal to the excess of the

square on c A over that on c B. The area of the parallelogram c d K P

alwaya remains of one magnitude, namely, equal to cavb. The
rectan^e of c w and w v always remains the same, namely, equal to

the square on half the lino joining a and B. Any |)art of a tangent

K L, intercepted between the two asymptotes, is bisected by p, the

point of contact ; and if E e' bo drawn parallel to K L, the interceptions

E r and * r* are equal, and the rectangle of E F and F e' is alwa}-s

equal to the aquare on pk or PL. And the rectangle of the focal

diatancea B p and s F is always equal to the square of the semiconjugate

diameter c p.

Any ordinate z z drawn parallel to a tangent o L is bisected by the

diameter c a drawn through the point of contact. And the aquare on

T X is to the rectangle of D T and T a (or the differenoo of the aqiuuws

on c T and o o) in uie proportion of the aquare on c P to the aquare

on CD.

A perpendicular let fall from a focus s upon a tangent p T meeta the

tangent in a point of the circle whose centre is and radius c A.

If any number of hyperboUa be drawn having the same centre c

and the same major axis c A, and ordinates » P, N p', Ac., be drawni t<i
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the same abscissa c s, the tangents at P, p', &.C., will all meet the axis

c A in the same point t : and any two such ordinates P N, p' N, will

always be to one another in the proportion o£ Ihe minor axes of the

hyperbolas to which they belong.

If it were not necessary to consider the hyperbola in connexion with

the ellipse, perhaps the following way of describing it would be the

most simple.

Let c be the semi-axis major, and c V one of the asymptotes : and

while the line N u moves parallel to & v, let p move upon that line in

uch a way that the square on N p shall always be less than the square

on H u by the square on a v. Then p will trace out one branch of the

hyperbola. But if at the same time the square on R N exceed the square

on If C by the square on A V, the point B will trace out a branch of the

conjugate hyperbola.

For a remarkable property of the area of an hyperbola see Looa-

BrTBMS.
Among ellipses there is one sort which is conspicuous, namely,

the ellipse in which the major and minor axes are equal, or the

eireU. The correajKinding hyperbola, namely, that in which the

major and minor axes are equal, is called the equilateral hyper-

bola; and though not so remarkable a curve as the circle,

yet presents some pectiliar simplification of properties. Its

asymptotes are at right angles to one another, and the hyperbola and

its conjugate are similar and equal. Any semidiameter c p is equal to

its semiconjugate c D, and P D is at right angles to c w. Its excentricity

ia y/2 or 14142 . . . . , and the square on o N always exceeds the

•quare on K P by the square on c a.

In the preceding article it will be observed that we have called the

two branches passing through a and M one hyperbola. They are

frequently called two opposite hyperbolas ; but they form in fact only

one curve, defined by one equation.

HYPERBOLE {inrtp0o\ii, from inrtp above, pdWtiy to throw) means
literally an over-casting; in its common sense, a going beyond the

truVh in describing an object, not by the introduction of qualities

which do not belong to it, but by the exaggeration of those which do.

For example, it may be hyperbolical to say that the complexion of a

fair woman is whiter than snow ; but to say so of a brown woman is

sither irony or simple falsehood. Poets in all nations have affected

this mode of speech ; but it is peculiarly characteristic of the Oriental

nations, l.ioth in prose and verse.

HYPERBOLOtD. [Subpaces of Secokd Deorek.]
HYPERION, a Titan, the son of Uranus and Oe, and father of

Selene, Eos, and Helios, who is often called Hyperion. [Helios.]
HYPEUSPIROILIC acid. [Salicylic Acid.]

HYPERTROPHY (from Mp, above, and rpo<trii, nutrition), a term
in medicine signifying the enlargement of a part of the body from
szeessive nutrition. The hypertrophied organ contains no new solid
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or fluid substance, but one or more of its proper component tissues ai-e

in greater quantity than iu the healthy state. The opposite condition

of a part—namely, diminished bulk from defective nutrition— is termed
atrophy. [Atrophy.]
When hypertrophy attains such a degree as to interfere with the

action of the organ in which it is seated, it constitutes an important

and highly dangerous disease ; such ia frequently hypertrophy of the

heart. [Heart, Diseases of.]

The immediate cause of the hypertrophied state is, as we have said,

increased nutritive action in the organ or tissue ; and since all parts of

the body are formed and noiuished from the blood circulating in them,
it is natural to suppose that the production of hypertrophy would be
accompanied by increase of the quantity of that nutritive fluid in the

part. It is necessary, however, not merely that the blood should be

collected in it in larger quantity, but also that it should circulate

rapidly through the minute vessels, so as to bring constantly fresh

portions of new nutritive matter into contact with the smallest com-

ponent particles of the structure. This is illustrated by reference to

the known exciting causes of hypertrophy which give rise primarily to

this increased quantity and accelerated circulation of blood in the

small blood-vessels. There are, it is true, instances of hypertrophy of

which we cannot perceive any exciting cause : thus, in some persons

the adipose tissue, or fat, in others the bones, are more than ordinarily

developed, without our being able to assign any other reason for it than

that there was a predisposition in the constitution of the individual to

such increased nutrition. But generally we can refer the hypertrophy

either to excessive exercise of the part, or to the long-continued action

of a stimvUus upon it. When any part is in a state of activity, a

greater flow of blood takes place towards it than when it is at rest ; and

it is well known that a stimulus such as friction applied to a part of

the body causes it to become of a brighter re<i colour from its vessels

being more injected with blood. If such a state be long kept up, over-

nourishment is the result. A popular example of hypertrophy from

increased exercise is afibrded by the musgles of the arms of the black-

smith, or those of the legs of the opera-dancer. The heart also

frequently becomes hypertrophied from this cause; for instance, in

cases where an increase*! action of its muscuUr walls is rendered neces-

sary by an obstacle to the passage of the blood, which it propels into

the body. Hypertrophy from the second cause, the long-continued

operation of a stimulus, is seen in the thickened state of parts of the

skin which have been subjected to friction. But hypertrophy from

this cause is seldom simple ; it is generally combined with the depo-

sition of new matter of a different nature from the original tissue, the

stimulus having excited inflammatory action as well as increased

nutrition.

The treatment of hypertrophy consists in the removal of the exciting

cause, if this can be effected : the part should be kept at rest as much
as possible, all irritation preveuted, and the supply of blood diminished.

These means can, however, in very few cases be put into practice to

such an extent as to be beneficial, except in arresting the progress of

the affectiou.

(Andral, Patholo^cal Anatomy; Carswell, Jtltutrationa of the Ele-

mentary Forms of IHieaie.)

HYPERURIC acid (C.oN.H.O,), Peruric Acid, discovered by
Unger, and formed by acting on guanin with hydrochloric acid and
chlorate of potash. It differs in composition from uric acid by 1 equiva-

lent of water and 2 of oxygon : hence its name. It is colourless, and
crystallises in short rhombic prisms, and when heated is resolved into

hydrated cyanic acid, water, and carlx>n.

HYPO and HYPER. [Chemical Nomenclature; Nommclature

of Acidt.]

HYPOCAUSTUM. [Bath.]

HYPOCHLORIC ACID. [Chlorine.]
HYPOCHLOROUS ACID. [Chlorine.]
HYPOCHONDRIASIS, is a state of extreme sensibility of the

nervous system, which leads patients to believe themselves worse

than they really are, to detail their sufferings with exaggeration, to

individualise all the painful sensations which they experience, and
to consider them the symptoms of as many different diseases. Allied

to this extreme sensibility there is a mental exaltation, which causes

the ijatients to pay the most minute attention to what passes within

themselves. The hypochondriac recounts, without a single omission,

all the details of his animal and organic life ; he relates the manner
iu which his digestion is effected; he numbers the minutes of his

sleep ; ho describes his sensations, his passions, the succession of his

ideas; and dilates on every thing that concerns himself with a

copiousness that nothing can arrest. The story which he tells you
to-day he will relate again to-morrow, and at ajl times whenever he can

find you willing to listen to his tale of sufferings.

The case of a gentleman is related who was so engaged in attention

to himself as to occupy the intervals of the visits of his physician in

writing a journal of his sensations. This journal was, at every visit of

the physician, produced for his perusal. During a period of several

years this gentleman was, without any adequate reason, almost daily

in dread of immediate death, and was continually upbraiding his

medical attendant aud charging him with the greatest cruelty in coming

so seldom to see a man in such imminent danger.

As we do not in general see in hypochondriacs any loss of flesh or
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onv :>»iMdnuioM of ili«f>iii oorrMpoodiug to the {rigfatful picture

V dnw of their suOeniigi, w« take them for Tiaiuturioe ; uid
» Hit iaataaoee, they rMUy an. IL l«uret reUtaa the oaae of

a hj'iKHJioiidriao, who one day, among other aymptom* of whioh be

oompiaiued at great length, Mid that he oould astena hi* leg ilowly only

and with difficulty, and to ahow to what an •stramity ha waa reduoad

he lifttMl thu limb with an af>p«aranoe of great effuru " Well I what
can you wiih more?" inqutrad M. Leuret> "2otm>U;" cried he

abruptly, "to do thia;* and at the aame time he extondad hia leg with

great freedom and foroe. II. Leuret oould not reetrain bia kugbter

;

and hia patient, oo porcatTing the miitake that he had made, laughed

alao mort heartily.

The aufferinga of hypoebondriaoa have been called iuiaginary, nnd, if

it ia meant that they are a product of the imagination, Uic a|>|wllatiun

ia juat ; but the a|>pvlUtiuu of " imaginaiy " ia falae if it is pretended

that thay are not really felt. Of all patienta, thoae whoae diaeaaes are

imaginary prubably auffer the moat. In many caaee however theae

perioDa an aJSected with a real diaeaie, and the term hypoohondriaaia

u appUcabUi to them only in oooaequenoe of their having their atten-

tioa oonatantly fixed on their compUunt, and of thoir ciperieucing a

dasiM of fear and sadneM which their condition does not warrant.

Hypocbondriaaia ia frequently witnessed in young men of atudious

habiu, and ia the reault uf iutvUectual application too much prolonged.

Then ia a claaa of atudenU who, trum the nature uf their gtudiee, are

frequently atTected with it—we allude to atudenta in medicine. The
dtracriptioua which Uicy read and hear uf diseaaee, and the continu.il

ofaaervation of the aick, aSect their imaginationg. They learn that

incoiabU dliraina often arise in the mo«t initidiuua uianuer. They
apply to tbsmaelvea t^e leasona they have just learned ; but aa theee

MBoDt are veiy inoumplste, their ap|)licatiun is fiUso, and they diaoover

in thamaalvea a number of diaeaaea uf which there ia no real exigtenoe.

There are few phydciana who, in recalling to their minda the i>eriod of

their firat atudiea, and the aick whom they first visited, do not at the

aame time remember the inquietude which they experienced respect-

ing their own health. Persons in the habit of reading medical books

run the same riak aa medical students, and are similarly affected.

Another very fertile source of hniochondriasis ia luxury, and the

want of occupation and exercise. The hypochondriasis produced by
this cause is the meet obstinate of all, and is at once the despair of the

patient and the torment of the physician. Happy are those whom the

poaaesaioo of a competence, earned by the labour of each day, preserves

from such a malady. Poverty itself, with all its privations, ia attended

with leas miaary than the riches of the hypochondriac.

Uypoobondriaaia occasionally results from other causes, such as mis-

fortunee, the excesses to which young men ore addicted, and the pro-

longed Slid injudicioua use of medicines.

The treatment of hypochondriasis must of course Tory in some
degree with its oauae. We must endeavour to allay the groundlesa

lam of hypochondriacs, and by a change in their mode of Ufe, and by
diverting tneir attention, to break the habit which they have formed
of continually brooding over theroselvea. The first point, and which
ia quite essential, ia that the patient ahould have an entire confidence

in hia physician. Cuutidence begets tranquillity, and banishes all those

agrmptonu that originate in fear.

ii byp<x:hondriaais result from severe study, a relaxation from
labour, and the distractions of society, with a country Ufe, will prove
the moat efficadoos remediea.

If it is oocaaionad by idleneas and luxury, a solid and permanent cure
can rarely be obtained except by a life of oocupation, a moderate re-

gimen, and bodily eseroiae long auatained. The field aporta of this

countiy are admirably adapted to the fulfilment of these conditions.

Instances have been recorded of patients having been freed from the
hypocbondriaaia to which they have been long a prey by the loss of

their fortunes, or by some calamity which roused them from their

state of apathy and rendered exertion im|«rative.

In all cases a remedy must be sought fur in the banishment of their

gruiindleas feara, in a change in their mode of life, and in scenes that
witbilraw them from the continual contemplation of themselves.
UYI'OUEIC ACID (C,.H»,0.). An acid hcmologous with oleic

aoid, obtained along with arackutic acid l>y saponifying the oil ex-

pnassrt from the seeds of the ^rocAu ki/iioyira. It crystalliaes in
Qeadlaa, soluble in alcohol and ether. [Ahacbiuio Aoid.]
UYPOMITKIC ACID. [NiTRooKan
HYPONITKOMKCONIU ACID. [OnvM, Alkaloids or; Nab-

00T1.1K.]

HYI'dNITROna ACID. [NrraooKic.]
UYl'ul'Hu.sPllUllOUS ACID. [PHoaPBOBUi.]
UYrut'luN (from tfArwr), a collection of purulent matter in the

antrri'T ch.Mi))>er of the eye. Mr. Lawrence (' Traatiae on Diseases uf
the Kyes'j alir>ws that this should not be regarded ss a separate disease,
bttt as the r»iult of indniimintiun of aome part adjaeant to the anterior
ahainfaer. Tb" purulent matter ia in aome oases secreted by the mem-
brane of the aijueous humour ; in others it proceeds from the bursting
of an abacsas of the cornea or of the iris. The pus poured into the
anterior chamber being heavier than the fluid whioh naturally filla that
cavity, falls to the bottom, and producea an opaque s{>ot which ia

visible through the conaa, and haa its upper edge horicontal, and its

Ivwar edge, which Is booiided by the maigm of^ ooniaa, oresoentic.

The aftetion is always aooompaniad by Inflammation of part or of the

whole of tlie tiaaues of the eye, aod* like all other auch oases, requires

active ontijililogialic treatment
HYPOSULPHAMYLIC ACID (C,„H,,S,0,>. An acid simikr to

the byposulphothylic a^id, but containing the radical amyl in tlie plaoe

of ethyl. [Hyi-obuli'ukthtlio Acid.]

HYPOSULPHETHYLIC ACID. Synonymous with EthyMpku-
rmu aeid. [F^thtl.]

HYPOSULPHINDIOOTIC ACID. [Ixdioo.]

HYPOSULPHONAPHTHALIC ACID. [Napbtbalio Oboot.J
HYPO.SULPHONAPHTINIC ACID. [Napbtbalio Geodp.]
HYPOSULPHURIC ACID. [Sclpbub.]
HYPO.SULPHUROUS ACID. [Sclphck.]
HYPOTHEC (from the Greek 6wo0iiKv, a security, literally the sub-

jection of a thing to the authority of another person) ia a term derived

irom the civil law, still in use m the law of Scotland, and in th-tt of

France with the Ungual variation hi/pothique ; while, though in the

law of England it is not a received technical expression, it is occasionally

uHed for describing any species of security holding the character which
the word was employed by the civilians to represent. Uypotheca in

its proper acceptation signified a right of security over something which
was not placed in the creditor's possession, in contradistinction to

pignus, which applied to what is now termed a pledge. See the dis-

tinction, pretty clearly drawn, in the Institutes of Justinian, 4. 6, 7_

and in the Digest, 18. 7 ; 9. 2 :
" Propria pignus dicimua, quod'sd credi-

torem transit; hypothecam, cum non transit nee posaesaio od creditorem."

But the distinction is often lost sight of, even in the original authorities

of the civil law ; for the Roman lawyer Marcianus says that the differ-

ence between the two expressions ia merely nominal (D. 20. 1,5); and
see Brissonius de Verborum Significatione, voct Hypotheca. Hyjwthecs
were distinguished into those created by contract, and the tacit or

|)rsctorian, admitted in certain circumst^mces without stipulation. The
law on the subject wiU be found in the Pandects, Ub. xUi. tit. vu. de
Pignoratitia Actione, &c. (above referred to) ; in Ub. xi. de Pignoribus

et Hj-pothecis ; and in the Code, lib. viii tit. xiv. The reader wiU
also find a short but clear summary of the Roman rules on this sub-

ject in Wamkocnig's ' Institutiones Juris Romani,' Ub. ii. cap. v.

S§ 450-478.

The several securities over real property in various parts of the

empire, which can be completed without the absolute transfer of the

property to the creditor, ore so many iUustrations of consensual hypo-

thecs in that description of property. Consensual hypothecs in move-
ables are nearly unknown in the British empire, aa the law, studying

the interests of commerce, has discoiiraged any latent right in favour

of an indiWdual over merchandise and other moveable goods while

they are left apparently at the disposal of the original owner, and are

liable to be viewed by aU who transact with him as lus property.

Bottomry and Respondentia we perlun» the only instances in which it

is countenanced. But there are stIU some tacit hypothecs created by
the ojicration of law, affording a preference to particular creditors over

the property of a person who cannot or will not pay all hia debts.

Used in this sense, hypothec is properly the couuterjwrt of Uen, the

former being a tacit security over property which is in the debtor's

hands, the latter over property in the creditor's hands. Those pro-

visions in the excise laws which give the revenue a preference over

exciseablc commodities, and the instruments used in their manu-
facture, .ire striotly the creation of tacit hypotbecs. The provisions in

the banknipt acts for paying servants' wages and other debts out of

the readiest funds of the bankrupt are the catablishmeut of a general

hypothec over the estate.

In Bcothmd, the landlord's privilege to seize the tenant's goods for

arrears of rent Is called a hyimthec while it is unexercised; that is to say,

liefore execution against them is commenced the landlord is said to

have a hypothec over the goods ; and this right, it ia said, covers not

only the ordinary rent, but also the additional rent stipuLited in the

event uf deviation frum the terms of the cultivation clauses (but this

doctrine has been strongly ottacked). On an agricultural farm tlie

cnip stands hyi>othecated for the rent of the year of which it is the

produce. The landlord's right exists so long as the crop is on the

fami, and it extends to the re%'endication of it eren from a bond Jlde

purchaser within three months after the rent has faUen due, unless he
have been a purchaser by bulk in open market. The hy[H)thec for

other effects— as the cattle on a form, the tenant's furniture in a house
—subsiata over the whole for each term's rent, and gives a preference

for three months after the rent is due. The landlord's hypothec is

not affcctwl by the bankrupt statutes. In Mr. Hunter's able treatise

on ' LaniUord and Tenant," the origin and effect of this branch of tho

Uw of Scotland is discussed with great clearness and precision, and

for the purposes of practical reference the re^er is referred to tliat

work ; the following points, however, extracted from it, are desen^ing

notice : Ist, that the earliest, and indeed the original, remedy ^ven
the landlord for the recovery of hia rent, was by brieve of distress

;

and that, 2ndly,it was not till the beginning of the 17th century (1023)

that the term hypothec appeared in the dcouiious, from and after

which period distress ceased and hyix>thocation prevailed ; 3rdly, that

there is so obvious a distinction between these two remedies, arising

from the more extensire operation of hypothecation in following and
realising the {effects, as to lead to the conclusion that the ndes and
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phraseology of thia system are drawn directly from the Roman juris-

prudence; 4thly,that the Scotch right of hypothec is not to be deemed
a right of property, but a right arising from a tacit contract, inseparable

from the contract of lease ; Sthly, that this right is purely legal, and

cannot be created by convention,—the only conventional hypothecs

known to the law of Scotland being bottomry and respondentia ; and,

lastly, that the rules relative to hypothec have arisen from the common
law without the intervention of statute. Another right of a (Ufterent

description is called a hypothec in Scotland—namely, the right of a

law agent to take hia client's decree for expenses, or judgment for costs,

in his own name, in order that he may recover payment of his account

as taxed by the auditor of court. This right cannot be defeatefl by a

collusive settlement. In Scotland, s law agent, whether employed to

conduct a htigation or in other professional business, such as con-

veyancing, is entitled to retain his employer's title-deeds and papers

until his just account is paid. This right has also been called a

hypothec ; but it is clearly a hen. For further information on this

part of the Scotch law of hypothec, the reader is referred to Bell's

' Commentaries,' vol. i.

In France there is a distinction between privileges and hypotheques.

All tacit hypothecs, according to the division above kept in view, are

included under the former, which are subdivided into a general prefer-

ence over all the moveables or personal pn>perty in the debtor's

poasession, and limited preferences over particular articles of property

for particular obligations. Thia last named, in so far aa it affects

moveable property, is the class of rights which has been spoken of

above aa tacit hypothec, and it includes the landlord's security for bis

Tent. There is also a cUssiiication of privileges sur lea immeubles, con-

sisting of tacit preferences over what is in England called real property,

and of privileges which extend to both moveable and immoveable pro-

perty. The term hypoth^ue is applied to conventional securities over

immoveable or landed property, and is the object of much useful legis-

lation ; such securities being, from the efforts to give virtual effect to

the law for partition of successions, without reducing them below the

proper extent for agricultural operations, more common in France than
perhaps in any other port of the world. See on the matter of the
immediately preceding remarks, ' Code Civil,' lib. iii., tit. 18 j and
Troplong, Droit Civil expUqu^, ' Privileges et Hypothfeqnes,'

HYPOTHECATION. [Moktoaoe.]
HYPOTHENUSE or HYPOTENUSE (Inro-rurovaa, subtending),

is a term which has always been applied since the time of Euclid to
the side of a right-angled triangle which subtends, or is opposite to,

the right angle.

The property of the hypotheniue of a right-angled triangle being
one ol the most important elementary propositions in the whole of
authamatics, it will be worth while to devote some space to its con-
iderstion. We shall proceed to give aoine demonstrations, derived
from different principles.

The property in question, in a limited form, is this : Uiat the tquare
on the hypothenuse is equal to the sum of the mpaura on the sides.

The introduction of the square, however, in preference to any other
figure, arises from the fact of the property of the hypothenuse with
respect to the square being demonstrated before that with respect to
•oy other figure. The general proposition Is this: if three similar
figures (that is, figures of the same shape, differing only in siite) be
described upon the three sides of a right-angled triangle, the content of
that which is described upon the hypothenuse will be equal to the
sum of the contents of the figures described upon the sides. Thus, all

sepicircles being similar figures, let axcb, atc, and OZB, be the
•emicircles described on the hypothenuse and sides of the triangle
A c B, right-angled at o : then A Y o and c z B are together equal to
a X o B. Hence was obtained the first instance in which a cur^'ilinear
pace was reduced to an equivalent rectilinear one. Take away the
segments A X C and C V B from both sides of the preceding equation,
and tt)^ remainders of the smaller semicircles, namely, the lunulei T X
and z V, are together equal to the remainder of the larger one, namely,
the triangle a B. 'This proposition is attributed to Hippocrates.
[OEonrrBT.]

So soon, however, as the proposition is demonstrated with respect
to squares, all the rest follows easily, after the doctrine of proportion
has been established. It is the property of similar figures described on
two lines to be in the same proportion as the squares on those Unes

;

if then the squarej on two lines be together equal to that on a third.

then any two similar figyirea described on the first two lines are

together equal to the corresponding figure described on the third.

We shall now sketch four different demonstrations of this funda-

mental proposition, desiring it to be remembered that we suppose the

reader to have already become acquainted with it in an elementary

course of geometry.

1. Let CD (in the preceding figure) be drawn perpendicular to A B.

Suppose that (after the manner of some writers on geometry) the

theory of proportion and of similar triangles is established before any-

thing is proved relatively to the areas of figures. Then it is easily

shown that a c D and c D B are triangles similar to one another, and
to the whole acb. Now in such a system of geometry, it can

easily be shown, without the aid of our theorem, that any two similar

figures, described on two straight lines, are to one another in the pro-

portion of the squares on those lines. Consequently, a B, a D c, B D c,

being similar triangles described on a B, a c, B c, are to one another

as the squares on a B, a c, B c. But the first triangle is evidently equal

to the sum of the other two : consequently, the square on A B is equal

to the sum of the squares on A c and c B. This demonstration may be
objectionable in a geometrical point of view, but it contains one of the

most useful modes of illustrating the proposition to a person unac-

quainted with geometry. Let such a one be made to remark the very

visible fact, that two similar figures described on two straight lines are

always of the same relative magnitude, each to the square described on
the same line : he will then, seeing that the right-angled triangle is

made up of two right-angled triangles similar to itself, each having

one of the sides for its hypothenuse, be able to see that the square

on the hypothenrise is equal to the sum of the squares on the sides.

2. The next method shall be ocul.Tr demonstration, made by cutting

the square on the hypothenuse into the squares on the sides. Let A o B

be the triangle, right-angled at O ; and on a B describe the square A D E B,
and on A and B the squares a F o c and c H K B. From E draw E L per-
pendicular to B u, and from d draw D Q perpendicular to a o. It is easily
proved that the triangles a c B, B L E, D Q A, are equal in all respects

;

whence (1) the line P o must pass through D, since D Q = a ; (2) E L=
B c= B K. Hence, by the pamiUels, the triangles N K B and M E L are
altogether eqtial, so that E M= B N, whence u D= N a, and, by the
parallels, DOM and ahn are altogether equal And A fd is in all

respects equal to B L e. Out of the square a D E B take B L E, and
remove it to a f d ; remove M L e to n K b, and a H n to D o m. Then
the square A D £ B will be formed into the two squares a r o o and
HCBK.

In a paper by Professor Kelland, ' On Superposition ' (' Edinb. Trans.'
vol. xxi. p. 2) are tiodve different ways of dissecting a square into two
squares, one of which shall be three times the other. This paper
suggested to Mr. Airy, the Astronomer Royal, the following very
simple mode of making any two squares into one ; from which a demon-
stration of i. 47, may be derived'of a more elementary character than
that given by Euclid himself. Place the sqtiarea A o, K c, side by side,

as in the preceding diagram ; and make a L equal to B c, as before.

Join r, L and L, K, then F L, L K are equal and perpendicular to each
other. Turn the triangles F u I., L B K, round the points f, k until f
coincides with f a, and K B with K n. The two squares will thus bo
turned into the square on F L or L K. The same tiling may be done by
translation of the triangles, without rotation. It is rather singular
that, many aa have been the eyes which have rested on the preceding
diagram, no one should ever have made it yield the dissection just

given.

Each mode of demonstrating a geometrical proposition usually
belongs to its own particular generalisation of that proposition. The
one last before us suggests the following generalisation :—If any two
triangles have a pair of supplemental angles, and if the sides opposite

to those angles be called hypothenuses, and if r, Q, be the remaining
sides of one triangle, and P , q', of the other, then two parallelograms
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hKTing Um (opplanMntal anglM for thair siigl«i, ud r and p' (or the

lido of oiM. tad n and q' (or the lidei o( the other, are together equal

to the parallelofpram ander the hypothenuM* incliocd at one angle

equal to the eum of thoae oppoaite to p and q', or to p' nnd q.

S. The next demonetration is derired (rom the Hindu treatiie* on
aliwbta : not that it it aetuallr found there, for the Hindu work*
<Un>nnfrtf«te nothing ; but attached to the (tatement of the propodtion,

in the margin of aome copiea, ia the foUowins diagram, which ib no
doubt that belonging to the demoiutmtion, which i« aa follows :—Let

A c B be the triangle, and deacribe the square a B D E on the hypo-
thenuae. Draw D B perpendicular to a c, and E u perpendicular to D H,

and prodooe b o to meet o in p. Then the Bquare u made up of the

foor equal trianglea a c B, B p e, e o d, d b a, and of the smaller square

o p c H, which is the square on B c, the difference of a c and c B. But
the four triangles make up twice the rectangle of a c and c B, and twice

the rectangle on two lines, together with the square on their difference,

is the sum of their squares : whence the square on a B is the sum of

the squares on AC aind CB. Judging by the general character of

Hindu mathematics, it must be supposed that their demonstration

waa arithmetical, supposing the sides of the triangle to be represented

by numbers, and using the equation

(o - 6)» + 2 a4 = a= + 6'.

The following is the method of obtaining right-angled triangles, of

which the aides shall be whole numbers. TaJie any two whole numbers
whataoerer, x and y, of which x is the greater ; then if o^— .y' and
2 2y be the two sides of a right-angled triangle, the hypothenuae is

a» + y». For instance, let z=n, jf= 7; then a»—y»=72, 2xy=164,
and j^-f y'=170 : whence 72 and 154 being sides of a right-angled

triangle, its hypothenuae is 170. It is a remarkable property of any
three numbers which represent the sides of a right-angled triangle,

that one of them must be divisible by 5.

4. The last demonstration which we shall give is one which shows
the property in question to be but one simple and prominent case of a
property of great beauty and generality, common to all triangles.

TluM property waa first noted by Pappus, and it ahows that any
paialldograma whataoerer being described upon the two sides of a
trian^, a third parallelogram, equal to their sum, can immediately be
drawn upon the third aide.

altogetbar equal But o B a and c a B are together equal to a right

angle ; whence D A o and o a B are the Muna, or D A B la a right angle.

CoDMouently, a d e b is an equilateral paraUalogram, right angled at

A, or it iaaaquare; and the panllalogram a D B b, that is, the squar

L«t A B be a triangle, on two aidea of which, A c and c B, let any
parallalograms a r o c and B c B K bo described. Produce p a and x n
to meet u t, and join l c, and produce it to w. Through a and b
draw A D and B B parallel to z w, whence it foUowa that a D z c and
c z B B are parallelograma, and, by equality of bases and altitudes,

aererally equal to A P o and c B K B. And a d and i b are equal and
parallel to z c, and therefore to one another ; whence a D E B is

• panllelogram made up of the parallelograms adtw and bwte,
which, by equality of baaea and altituda, are severally equal to
A D I c and B z P., that is, to a P o c and o B K B. Hence the parallel-

ogram oo the aide a B is equal to the sum of thoae on the sides a o
•ndoB.
Now let the triangle be right«ngled at o, and let the parallelograma

on AO and OB be aquarea, and repeat the preoeding construction.
Than oont is a rectangle, and ozc ia in all raapecta equal to acb,
wbsnea bobab, and thence a D and B B are equal toAB, and the
paiaUeiogram d a b ia squilateraL But the angle d a a is equal to
COB, wfaioh is equal t« oba, the trian^ oib and bao being

on a B. is equal to the sum of the parallelograms A P a o and c B E B,

that is, to the sum of the squares on A c and c B.

HYPOTHESIS (vwa-enrts, sub-potitio, supposition), literally, the act

of placing one thing under another, that the latter may stand u>M>n

and be supported by the former ; by extension, the assignment of

cause or reason sufficient to make it a consequence that an erent or

phenomenon must happen. For instance, the sun would disappear if

it were deprived of its power of giving light, and also if an opaque
body came between us and it : either of these circumstances would
cause what we term a total eclipse, and either is therefore sufficient, aa

an hypothesis, to explain a total eclipse.

In the article Cause (in natural philosophy) will be found the dis-

cussion of several considerations connected with the use of hypotheses

;

and in the article Attraction an instance of the important distinction

between an hypothesis asserted because it is true, and one assumed
because it is sufficient to explain observed phenomena. We suppose

these articles to be known to the reader.

The following mode of argument is known in logic by the name of a
hypothetical syllogism :—If a exist, z exists ; but a does exist, there-

fore z does exist. Or, establish the absolute tnith of an hypothesis,

and the phenomena which necessarily follow may be asserted even
without experiment. But this we are seldom in a condition to do.

The preceding process cannot be converted ; if a exist, let z necessarily

follow ; z has appeared, are we then entitled to say that a exists ? By
no means ; for when we prove that z necessarily follows from a, we do
not therefore show that z follows from nothing but a. But if we can
establish the following :—If A exist, z follows ; if B exist, z follows ; if

c exist, z follows ; and z cannot happen in any other way : then from
the arrival of z we are entitled to assume that one of the three, a, b,

or c, must necessarily exist, perhaps two, and perhaps all three. At
the same time, if the existence of the consequence can be denied, the

bypotheais is overthrown. If A exist, z follows ; but z does not happen

;

then it is perfectly certain that A does not exist. The following sum-
mary of the four cases may be more worthy of our readera' considera-

tion than many of them will suspect—
1. When A is B, T is z.

But A is B.

2. When A is B, T is E. i Nothing can be concluded : T may be z

But A is not B. ( on some other grounds, or T may not be
z precisely beoause a is not B, or for some other reason.

3. WTien a is B, r is z. I mu __» • i _
But T is not z. {

Therefore A IS not B.

4. When a is b, Y is z.
{
Nothing can be concluded : A may be B,

But T is z.
t and either because T is z, or for some

other reason ; and a may not be B, and there may be some
other reason why t should be z.

The establishment of an hypothesis in natural philosophy may b«
considered as a process of which the following are the heads :

—

1. The phenomenon observed is z, and it is shown to be a necessary
consequence either of a, b, or c, which seem natural and probable

:

also of D, E, &c., which seem altogether out of the question.

2. All the necessary consequences which can be ahown to follow

a, B, or c, are deduced aa far as that can be done ; and if all their con-

sequences really happen, then there is no choice between a, b, and c

;

but if z', a necessary consequence; say of o, should be found not to

happen, then o cannot exist, and the choice can only lie between
A and B.

3. Let A appear the more probable of the two, then a is assumed to

be the cause of z until something to the contrary appeara. If a and B
ahould be inconsistent with one another, then if one be assumed, it

Therefore t is z.
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must be to the exclusion of the other ; but if both may be true, then
the phenomenon z may possibly be partly due to one and partly to

the other.

An hypothesis thus assumed is obviously no more than a probable

tnith; and the existence of sects embracing different hypotheses is

thus rendered not only natural, but even desirable. The consequence

of such division is, an ardour of investigation which would not other-

wise be felt, in order to find out experiments or to make deductions

decisive of the points in dispute. The rivalry between the emanatory
and undulatory hypotheses on the nature of light has much increased

our knowledge of that agent. But if at the same time it should seem
that the idea which a reader entertains of physical science mast be
lowered by his learning to take such a view of a hypothetical foimda-

tion as that which has here been given, it should also be remembered
that the exactness of natural philosophy does nothing but expose the

uncertainty of human knowledge in general, at the same time that it

reads a lesson to the cultivators of other branches of learning. The
hypothesis of attraction, for instance, though established on much
stronger grounds of probability than conclusions in connexion with
which the word hypothesis is never mentioned, is remembered as being

only an hypothesis.

At the same time the word hypothesis, like that of theory, has been
frequently applied in a disparaging sense to speculations in which
suppositions have been made for the purpose of drawing conclusions,

and not, as in physics, with the view of supplying probable antecedents

to conclusions which are already drawn from experiment. A notion is

to be supported ; it would be too obvious a fallacy to make the mere
assertion of it an argument in its own favour, and thus some antece-

dent proposition, from which the one in question will follow, is

assumed or attempted to be proved. To prove D, assume a, taking

care that it shall be easy to show that from A follows B, from B
follows c, and from c follows D. This is a use of hypothesis the direct

converse of that which is made in physics, where D is supposed to be
known and admitted, and it is asked which among all the a's from
which it might follow is that from which it most probably does
follow. [Cause.]
HYPOXANTHIN (C,„H.N.O,). A peculiar substance met with in

the fluid of the human spleen, and also in that of the ox. It has also

been found in the fluid pressed from the muscles of the heart, and in

small quantity in the blood of oxen. It presents the appearance of a
white crystalline powder, which is almost insoluble in cold hydrochloric

acid. One part of hypoxanthin requires 1090 parts of cold, or 180
parts of boiling, water for its solution. It is very slightly soluble in

boiling alcohol. Its solution in water poeaeases a neutral reaction.

HYPSOMETRY. The process by which heights are measured by
the indications of the barometer. [UnoBTB, Mxasureickst of

;

Barometer.]
HYSTERIA (from itrrifa, the womb) is, in general language, under-

stood to signify those paroxysms to which females are subject, and
which are attended with convtdsions, « sense of choking, and involim-

tary laughing or crying. But the term is used in medicine as a general

expression to include a vast number of other symptoms known as
" nervous disorders," all dependent on a peculiarly susceptible state of

the nervous system.

We will first consider the different forms of hysteric affection.

The hysteric fit or paroxysm need scarcely be described, except for

the purpose of pointing out how it may be distinguished from fits of

other kinds ; and this is a matter of no little importance, not only as

regards the treatment required and the temporary alarm of the friends,

but also with relation to the happiness and prospects of the sufferer.

For it appears that in France, at least, young females labouring under
mere hysteria have been separated from their families and society, and
placed in confinement under the idea that they were the subjects of

epilepsy, a disease which ia thought to be hereditary, is but too often

incurable, and leads to loas of intellect. The hysteric paroxysm gene-

rally commences with the sensation of a ball in some part of the
abdomen or in the left side, which rises with a twisting vermicular
feeling to the throat, where it induces a sense of suffocation. A tem-
porary state of loas of sense and voluntary power succeeds, in which
the patient either lies motionless, or is agitated with violent struggles

of the limbs ; the head is struck against the bed or floor, and the hair
or the breasts are grasped and torn with the hands. Frequently the
patient tries to bite herself or the bystanders. The involuntary ex-

pulsion of the contents of the bladder not uncommonly takes place

dtiring the fit. In the absence of convulsions there is often immode-
rate laughter, crying, or singing, and the paroxysm is frequently ter-

minated suddenly by a burst of tears. More usually the patient lies

quietly for some time after the convulsions cease, and when she re-

covers complains of headache. Frequently she proves that conscious-

naas has not been entirely lost, by repeating what has been said

bj thoae around her. The attack of epilepsy differs from that of

hjrateria in not being preceded by any sensation of a ball rising to the
throat; the epileptic [latient falls suddenly to the ground, and is

immediately violently convulsed ; the eyes are distorted, and the
tongue protruded and bitten. In hysteria the features are generally
tranquil, and the face ia flushed ; whereas in epilepsy it is often of a
ghastly paleness. The epileptic fit is in many cases ushered in by a
hort erj, but than ia no laughing, crying, or singing during the

paroxysm, or at its termination, as in hysteria. Lastly, the loss of
consciousness ia complete in epilepsy, generally not so in hysteria.

These are the principal points of difference. It is well to remark in

addition that hysteria is almost confined to women, and that the
paroxysm is generally preceded by some strong mental emotion ; while
epilepsy is most frequent in men, and more usually attacks the patient
during the night, or between the states of sleep and waking. Repeated
attacks of epilepsy leave imprinted on the coimtenauce a peculiar dull
expression which is not seen in the hysterical.

" Nervous " females are very liable from the slightest causes to
hurried respiration, sighing, sobbing, and palpitation; the irregular

and hurried breathing may become occasionally so aggravated .is to
resemble asthma, from which it is to be distinguished by its occurring
in young persons, and by its being accompanied by other hysterical

symptoms, and a peculiarly irritable susceptible state of mind.
Merely from a disturbed action of the nerves, and quite independ-

ently of all real structural or inflammatory disease, females frequently
become distressed by more or less painful sensations fixed in one spot
or shifting from one part to another. Violent pain in the head, aa if

a nail were driven into the forehead, is a very common hysterical

symptom. Another frequent seat of the uneasiness or pain is the left

side, just below the breast, and this pain is often attended with palpi-

tation of the heart, and the patient is unable to lie on that side.

Sometimes excruciating pain occupies the whole abdomen. In all such
cases it will be found that the disease, simulated by the hysterical

affection (whether it be of the head, chest, or abdomen, or of one of

the large joints), cannot exist, since other symptoms essential to con-

stitute it are absent. The pain of hysteria too, besides being frequently

transitory and unfixed in its seat, has generally the peculiarity of being
aggravated by the slightest touch of the skin, which is not the case

with pain arising from infl.-inimation. With this external tenderness
there is frequently great tenderness along the course of the spine, and
this is frequently greater at one particular spot.

Other symptoms of a decidedly hysterical or nervous nature will

perhaps be present, or a true hysterical paroxysm may supervene. It

is important to know that symptoms of almost every disease may be
simulated by hysteria, which, though a troublesome affection for the
sufferer, is unattended with danger. It is when real disease is present,

and complicated with nervous or hysterical symptoms, that it requires

the greatest acuteneas of the physician to discern what proportion of

the symptoms is of the latter kind, and what due to the more important
affection.

Hysteria sometimes assumes the form of different paralytic affections

the power of moving the arm, or the voice, may be lost. These pheno-
mena may be of considerable duration, but are ultimately, and often

suddenly, recovered from. The state of long-continued stupor which
has received the name of " trance " is most commonly hysterical.

Different spasmodic aS'ections, as hiccough and spasm of the throat,

preventing swallowing, not unfrequently occur in the hysterical state.

Then, again, certain disordered states of the senses and mental faculties

and feelings occur, as the consequence of uterine or sexual irritation,

and are to be referred to hysteria. Such are somnambulism, some
kinds of transitory monomania, and those peculiar perversions of the
mind manifested in the desire to feign various diseases. The occa-

sional occurrence of hysterical paroxysms, the irritable state of mind,
the knowledge that the mind has been acted on in a way calcu-

lated to excite the affections, and the presence of other phenomena
decidedly hysterical, will assist in detecting the true nature of all these

There is certainly a peculiar state of the system which predisposes to

the affections which we have thus cursorily described, for the causes

by which they are excited have nothing peculiar in themselves. All

the phenomena indicate a disordered state of the nervous system, and the
exciting causes are such as act either through the medium of the body
or the mind on that system. The susceptible state of the nervous
system, which predisposes it when thus acted on to give rise to the
various hysteric phenomena, is without doubt frequently connected
with or kept up by an excited condition of the uterine system and the
sexual feelings ; with no system of organs and no feelings of the mind
does the nervous system of females so much sympathise. This con-

clusion is confirmed by the fact of hysteria occurring in a great

proportion of cases between the age of puberty and that at which the

catamenia cease, during which period the uterus is in a state of greater

activity than before and after it ; and by the circumstance of its being

at the commencement and termination of that period, when the uterine

organs are undergoing the greatest changes, and the feelings of the mind
connected with them are most disturbed, that the attacks of hysteria

are most frequent and violent. It is from their supposed connection

with particular states of the uterus that the attacks have derived their

name. Other facts, however, show that a predisposed state of nervous

system ia necessary, for vascular excitement and structural disease of

the uterus may exist without giving rise to hysteria ; and that other

functions, as those of the digestive organs, being disordered, may act

on a susceptible person so as to aggravate the tendency to hysterical

symptoma, or even excite them. In some females, having the requisite

nervous susceptibility, a mere plethoric state of the body, without any

affection of any special organ, will excite hysteria ; the opposite state,

deficiency of blood in tha body, will have the same effect : anything,
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ia hot, whieK throwi tlie lystAin of «ueh IrriUble fcm&les ottt of

Um tMttinl <tate, whother It tct prltnarily on the body or mind, may
gira riM to nerroua symptunu or nysterU. From the frequent uccur-

rMKw of « dermnged itate of the blood wtd aeeretioM, some forau of

thUdiMaM have been called ntmeDka.
The most frcciiient exciting rauso of the hysterical paraxyBm ii,

perfaapt, a auddon and int-fnwt einotirm of the mind.
Trfalment.—Viiring .1

" ' oare should be taken to pre-

rent the patient n-o-ix ber head or hands striking

aCainat the floor or \- - '
~. ...... u. ^.lanl aoaliut the prcpenpity to

bite, by placing a f l>etween the teeth. If the St iv slight,

it way freaucntly : l>y (Ushing cold water over the face, or

by filling tni- > li something which hai an unpleasant taste, as

aalt ; or a »t ooent may be held to the nostrils. If the

paroxysm be mure prulonged and violent, it will be proper, should the

taoe bin flushed and head hot, to apply wet cloths to tlie forehead, and
to looaen tSl the dress about the neck and chest. If a continued

tupor intervene, medical aid tnay be required. When there is less

fulness about the head, small doses of stimulants, such as sal volatile

in water, will be useful.

When the frequent return of the fits seems to depend on a full state

of body, or on irritation, means calculated to remove these causes

must be adopted. If an unnatural state of the uterine ftmctions be
suspected, those must be attended to. Frequently the sufferer from
hysteria Is feeble and bloodless, and in a state of general nervous
debility ; in such persons, all measures liliely to strengthen the gencnti

health, proper diet, regular hours, change of air, and touic medicines,

ihould be put into practice. The preparations of iron are especially

useful The state of tniod of the patient should, hi these ottea, be
particuUrly regarded.

For the treatment of the pains and other anomalous nervous symptoms
no rules otn be laid down ; they will froouently resist alt modes of
palUatlre treatment The great iirinciple, however, must not be for-

gotten of removing all causes which can re-act prejudicially on the
nervous system or the general health.

The nervous " lity which predisposes to hysteria is, without
doubt, trequiMi r constitutional ; but it is certainly in many
rases aoqutred

;
.....^ .l .^ ,.ften to be attributed, in a great measure, to

the education of young females. " A luxurious and delicate mode of
living and of rearing,' says Dr. Copland ; " a neglect of whatever pro-
mot^ the powers of the constitution, especially of suitable exercise fai

the open air, and of early hours as to sleeping and rising ; an over-
rcfinc<l mode of education, and the excitement of the imagination and
of the emotions, to the neglect of the intellectual powers and moral
sentiments ; too great devotion to music, and the perusal of exciting
novels ; the various means by which the feelings are aw.ikciicd Ann
acute sensibility is promoted, whilst every manifestiition of cither is

carefully concealed ; and studied endeavours to dissemble desires which
struggle to be expressed,—all serve, especially at a jK-riod when the
powers of the mind and the conformation of the body are approaching
development, to produce that state of the nervous system of which
hysteria is one of the most frequent indications." The prevention of

hysteria cannot certainly be hoped for until the education of females is

directed more towartls strengthcmng their body and improving the
tone of their mind, so as to enable them to bear disaiipointments, and
to control, not merely conceal, their jiussions.
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118 a Towel wfaioh represenU two very di^rent Bounds in different

languages. In this country it denotes a rapid pronunciation of the
diphthong ai. In French, Italian, and uiany other tongues, its sound
is identical with that of the English e, In the series of the vowels
established by the eiperimenta of Mr. Willis [Alphabet], t, as

denoting the latter sound, lies at one of the two extremes. It is pro-

nounced with the lips retracted so as to shorten the vocal tube,
whereas the same organs are protruded to produce the sound repra-

lented at the other extremity by u. The various forms which have
been used to represent the letter t may be seen in the article already
quoted, cols. 240, 241. The character there given as used by the
Phcenicians and early Greeks is somewhat oomplioated, and diB'ers

widely from the single stroke into which it eventually degenerated.
In this last state it was the simplest of all the alphabetical characters,

and was therefore well adaptad to be the symbol of a small quantity.

Id this lenae the terms a jod and an iato are still retained, jod being
the Hebrew, tola the Greek name for the cbaraoter.
The letter is interchangeable as follows :

—

1. With the diphthongs ai, oi, et. This may be seen most distinctly
in the Latin language, where alais, re^uairo, putroi, puerolt, nuUoiiu,
deieo, Ao., were corrupted into at'a, requtro, pueri, puerit, nuUius, dUo.
In the same language, when one i wag followed by another i, it was
not unoommon to denote them by a single long i, as tibicm, Chiiu,
o/iiu (gen.), iii$ctlia, for tihiieen, Ckiivu, aliiui, imditia. In such cases
it waa a common practice to give greater length to the letter, thus,
ohIvs.

2. The short i was interchangeable with nearly all the short vowels,
more particularly in the penult syllablee of polysyllabic words, which
are very_ indistinctly pronounced. Thus the Greek mechSne is in
L«tin mathina. In the same manner the Nomad races of North
Africa are called by the Greeks Nomadu, by the Romans Numidae.
Again, irtnot and animm are kindred wonlg. B'liitat must have been
originally boooUu, and would have been written in Greek with a ter-
mination -oTi)». Lastly, in a large number of words a short v degenerated
Into an i .- as tnaxSmui, dei.-Hmiu, reeHpero, marilimui, tcribumiu (com-
pare sirmiu), into maximui, dtcimtu, rtrtpero, marittmat, tcribimut.
Even Cicero wrote all these words with a «, though our editions give
an t

8. A short » before n or m is not unfrequently in French changed
into ai or o. Thus the Gallic town Inculuma is the origin of the name
Angoultme : vincere is in French raincre, Ac.

4. In the same language the vowel « is changed into oi very com-
monly, as fitij, loif; mi, moi ; fidei, /oi ; Lujerii, Loire, ka., and this
though the i in Latin be short.

5. / is often inserted in French or Spanish words before the vowel
e ; miV/, bien, rieni, Ac., from the Latin wel, bene, imit.

6. The vowel » is often inserted i^r the vowels a, o, and u in the
FVench language, particularly when a contraction has taken place, as
aimer, connoUre, reduire, from amare, eogiuucere, reducere.

_
7. When the vowel i in the Latin language has a vowel after it, and

U preceded by one of the consonanU p, b ; t, d; e, g ; the derived
hmguagea have often a sibUant in the place of the former consonant.
Thua taptam u in French tache : rahiet, rage ; ratio, rauim ; nudiut,
ta Italian mezzo (compare the Greek ^effoi). The double sound
of c and y in our own language appears to have originated in this

8. A similar change occurs even in other caaea, as n'mta, Fr. tinge ;
nndtmia, vendawje ; liaeiu, linije,

IAMBICS, a species of verso composed of a succeesion of iambi ('
"),

or equivalent feet, was freely used both by Greek and Latin poets.
Accordmg to Aristotle (' De Poetic.'), the iambic measure was firet
employed m satirical poems, called Kim6i', which appear to have been
represented or acted ; since PUto (' De Hep.,' vii. 17) forbids boys to be
apectators of iambi and comedies. The iambic is the most common
metre in the Greek tragic poets. We are informed by Aristotle (' De
Poetic.

)
that " originally the trocliaio tetrameter was made use of, as

better suited to the satyric and saltatorial genius of the poem at that
time; but when the dialogue was formed, nature iUelf pointed out the
proper metre

; for the iambic is of aU metre* the moat colloquial, as
appears evidently from thU fact, that our common conversation fre-
quently falls into iambic verse, seldom into hexameter, and only when
we depart from the usual melody of speech." (Twining"* ' Tianal.,'

In the foUowing table a list is given of the feet which may he
admitted m the iambic metre in the Greek tragic poets, which is

usually called the tragic trimeter acatalectic, because it consists of

three entire metres, or six feet :

—

The anapaest in proper names is also Introduced in every place of the
verse except the last, with this general restriction,—that the anapaist
should be contained in one word. The comic trimeter admits the
same feet as the tragic, and also a dactyl in the fifth place, and an
anapajst in common words in every pl.-vce but the last.

Much of the beauty of the iambic trimeter dejiends upon the caisura

[CisuBi], which usually occurs in the middle of the third or the
middle of the fourth foot ; as, for example :— '

o\ ti\v 6fKovr*s | fK0a\uf fSpas Kp6voy,

One of these ciosuras may be oousidered as generally necessary ; the
cicsura in the middle of the third foot is much more common than in

the middle of the fourth. There is also frequently a oajsura in the
middle of the second or the middle of the fifth foot. "When a line is

divided in the middle of a verse with the elision of a short vowel, or of

the little words Sc, /li, ai, yi, ri, that division is called by prosodiaiia

the quati-catura ; as, for example :—

yvyai^l wapBiviHi t'
| iir^^\exTo; ulra.

For an acoount of the other iambio metres employed by the Greek
and Latin poets, see Hermann, ' Elementi Doctrince Jletrio^B.'

In English poetry the iambio metre is very common ; as, for
example :

—

** On Ltn'den, whe'n the su'n waa lo'w,

All bloo'dless la'y th' untro'ddcn »no'w.
And dar'k as vln'ter va's the flc/w," fte.

ICE. In several preceding articles of the present division of this

Eneyolopoedia, reference has been made to the article now commenced
for an account of an important fact among the properties of ice, which,
from the investigation it has received at the hands of several of the
most eminent living men of science, has been elevated almost to the
position of a principle in physics. Tliis is the property of IIeoelation,
by which liquefied ice remjdning in contact with lee still solid, returns
itself to the solid state.

In the year 1850, Professor Faraday invited attention, in a scientific

point of view, to the fact that two pieces of moist ice, when placed
in contact, will unite together, even ,when the surrounding temperature
is such as to keep them in a thawing state. He showed experimentally
tiiat when two pieces of ice at 32° Fahr., with moistened surfaces, were
placed in contact, they became cemented together by the freezing of

the film of water between them. When the ice was below 32°, and
therefore dry, no adhesion took place between the pieces; and he
referred, in illnstration of this point, to the well-known experiment of

making a snowbalL In frosty weather the dry particles of ice will

scarcely cohere, but when the snow is in a thawing condition, it may
be squeezed into a Iiard compact mass. He attributed this phenomenon
to a property which he supposed ice to possess, of tending to solidify

water in contact with it, and of tending more strongly to solidify a
film or a particle of water, when the water has ice in contact with it

on both sides, than when it has ice on only one side.

To these Professor Tyndall afterwards added the following illus-

trative facts. " On one of the warmest days of last July [1886], when
the thermometer stood at upwards of 80° Fahr. in the shade, and above
100° in the sun, a pile of ice-blocks " being observed in a shop-window,
the observer " thought it interesting to examine whether the jiieces

were united at their places of contact. Laying hold of the tupmoat
block, the whole heap, consisting of several large lumps, w.ts lifted

bodily out of its vessel. Even at this high temijerature the pieces

were frozen together at the places of contact, though the ice all round
these places had been melted away, leaving the lumps in some cases

united by slender cylinders of the substiince. A similar experiment

may be made in water as hot as the hands can bear ; two pieces of

ice will freeze together, and sometimes continue so frozen in the hot

water vmtil, as in the case above mentioned, the melting of the ioe
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around IIm pointa of oootaot Iwtm Um pieoM united by (leader

column* of the suUteno*." ' PhiL Trana./ 18S7, p. 839.

Mr. Faraday, in hii more raoaotly publiahad ' Experimental Re-

Kirrhni in Ctxmiatiy and Phydca ' (iMing eaaiinlially a rvpublioation

in a ooUaotira form of hia papera on aubjecte bcluuf^iug to thoae

oiaDeaa, flnt publiahad in the ' Philoaophioal Tnuuactiona,' and in

(•Twal adentific jouraala), adherea to hit original mode u( aooountiug
(or the phenomenon he had obaenrad, adopting the name Regelation,

applied to it by Profeaaor TyndaU. While alluding to certain view* vt

Profaaaor Forbea, which trill preaently be stated, aa poaaibly being

admiasibla aa correct, and to an expUnatiun offered by Profeaaor James
Thomaoo aa being probably true in principle, and poaaibly having a

ocrraet bearing on the phenomena of regelation, ho canaiders that the

prineiple originally aammed by himaelf may after all be the sole cauae

of tba aAet. The principle he haa in view, he then states aa being,

whaD mora diatinctly expressed, the following :
—" In all uniform

bodiaa, poasaaaing ooheaion, that ia, being either in the liquid or the

aolid state, partiolaa which are aurrounded by other i>articleB having

the like atate with themselves tend to preaerve that state, even though
subject to variations of temperature, either of elevation or depression,

which if the particles were not so surrounded, would cause them
instantly to change their condition." Referring to water in illustra-

tion, he aaya that it may be cooled many degrees below 32° Fahr., and
still retain its liquid state

; yet that if a piece of the same chemical
substance—ice, at a hi^er tempcmture, be introduced, the cold water
frasMS and becomes warm. Ue points out that it is certainly not the

change of temperature which causes the freezing, for the ice introduced
is wanner than the water; and ha saya he assumes that it is the
diHerenoe in the condition of cohesion existing on the different sides of

the '*»"(r"g particles which sets* them free and causes the change.

Exemplifying, in another direction, the principle he is prupoundiug,

he refers to the fact that water may be exalted to the tem(>erature

of 270* Fahr., at the ordinary pressure of the atmosphere, and yet
remain water, but that the introduction of the gmallest particle of

air or steam will cause it to explode, and at the same time to fall

in temperature. He further alludes to numerous other substances,

such as acetic acid, sidphur, phosphorus, alcohol, sulphuric acid,

ether, and campbine, which manifest like phenomena at their freezing

or boiling pointa to those referred to as occurring with the sub-

stance of water, ice, and steam; and he adverts to the observed
fact, that the contact of extraneous substances with the particles of a
fluid usually seta these partidea free to ohange their state, in conse-
quence, he says, of the cohesion between them and the fluid being
imperfect ; and he instances that glass will permit water to boil in

oontact with it at 21 2' Fahr., or by preparation can be made ao that
water will remain in contact with it at 270° Fahr., without going oS'

into steam, but that an ordinary piece of glasa will set the water off

at onoe to freasa.

Professor Faraday afterwards comes to a point in his reasoning
which he admits may be considered as an assumption. It is, " that

many particles in a given state exert a greater sum of their peculiar

cohesive force upon a given particle of the like substance in another
stete than few can do ; and that as a consequence a water particle

with ice on one aide and water on the other, is not so apt to become
solid aa with ice on both aides; also that a particle of ice at the
surface of a mass [of ice] in water is not ao apt to remain ice as when,
being within the maaa, there is ice on all sides, temperature remaining
the same."

" Thia suppositioD," Profeaaor James Thomson observes, " evidently
contains two very distinct hypotheses. The former, which has to do
with ice a«d water present together, I certainly do regard aa an
sssumptioo ufuupiKirtwl by any of the phenomena which Mr. Faraday
haa addaoad. The other, which haa to do with a particle of ice in the
middle of continuoua ice, and which aasumes that it will not so readily

change to water, as another particle of ice in contact with water, I

think ia to be accepted aa probably true. I think the general bearing
of all the phanomena he haa adduced, is to ahow that the particles of
a substance when existing all in one state only, and in continuous con-

tact with one another, or in contact only under special circuraHtauces
with other substances, experience a diJiciUly «/ making a bcgmmny of
Ikar change of ttaU, whether from liquid to solid, or from liquid to
gassoua, or probably also from aolid to liquid ; but I do not think
anything haa been adduced ahowing a like difficulty as to their under-
going a change of state when the substance is present in the two states

alraadv, or Winn a beginning of the change has already been made.
I think that when water and ice are preaent together, their freedom to
change their state on the slightest addition or absbvotion of heat, or
the sliditest ohange of pressure, is perfect. I therefore cannot admit
the TaUdity of Mr. Faraday's mode of accounting for the phenomena
of rageUtion.'*

The view of the subject involved in the statement of Professors
Fwaday and TyndaU, given above (before the former had enunciated
hia own viewa in the more extended form), waa adopted by the latter
physicist aa the basis of a theory by which he proposed to explain the
Thnosity or plasticity of ice previously known to be the quality in

j^aoiara [Olacucrs, in Mat. Hist. Uiv.J, in virtue of which their
motiaD down thair valleys is produced by gravitation ; but which he
dtsoribsd • baiiig not true visooaity, but, in brief, as the result of

fracture, ohange of position of the fractured |iarta, and regelation of
thoas parte in their new position ; the term ngtltUion being now first

given to the fact, the scientific importance of wliioh had been originally

pointed out by Faraday.* Professor James Thomson, Queen's College,

BeUut, whose first express contribution to the subject we now have to
record, conceiving Professor Tyndalt's theory of the viscosity of glacier

ice to be wrong, made public a theory of his own involving a different

view of the nature of the phenomenon of regelation. This, as sketehed
in outline by himself, is as follows :— If to a mass of ice at ite melting-
point, preaaurea t<inding to change ite form be applied, there will be a
continual succession of pressures applied to particular parte—liquebo-
tion occurring in those parte through the lowering of the melting-
point by pressure—(experimentally demonstrated in 1850 by Professor
William Thomson, of Qlaagow, his brother)—evolution of the cold
by which the so melted portions had been held in the frozen stete,

—

dispeitnon of the water so produced in such directions aa will afford

relief to the pressure,—and recongelation, by the cold previously
evolved, of the water on ite being relieved from this pressure : and the
cycle of operations will then begin again ; for the parte reeongealed,

after having been melted, must in their turn, through the yielding

of other parts, receive pressures from the applied forces, thereby to

bo again liquefied and to proceed through successive operations aa
before.t

Professor James D. Forbes adopte the view of Penoz, tliat the disso-

lution of ice i8aj7ra<fuaf,nota<iia(ieii,praoess, and so far reKeiiibles the
tardy liquefaction of &tty bodies, or of the metals, which in melting
paas through intermediate stages of softness or viscosity.+ He thinks
that ice must essentially be colder than water in oontact with it ; that
between the ice and the water there is a film varying in local tempe-
rature from side to side, wliich may be called plastic ice, or viscid

water ; and that through this film heat must be constantly passing
from the water to the ice, and the ice must be wasting away, though
the water be what is called ice-cold. On this. Professor J. Thomson
thus commente :

—" There is a manifest difficulty in conceiving the
imesibility of the stete of things here described ; and I cannot help
thinking that Professor Forbes has been himself in some degree sensible

of the difficulty ; for in a note of later date by a few months than the
paper itself [in which the view had been given], he amends the expres-
sion of his idea by a stetement to the effect that, if a small quantity of
water be inclosed in a cavity in ice, it vrill undergo a gradual regda-
(toa[§],—that is, that the ice will in this case be gradually incr^sed
instead of wasted." In reference to the first case. Professor J. Thomson
asks, " What becomes of the cold of the ice, supposing there to be no
communication with external objecte, by which heat might be added to
or token from the water and ice jointly considered \ Does it go into the
water and produce viscidity beyond the limit of the assumed thin film

of viscid water at the surface of the ice ? Precisely a correg]x>nding
question may be put relatively to the second case,—that of the large
quantity of ice inclosing a small quantity of vrater, in which the
reverse process is assumed to occur. Next, let an intermediate caae be
considered, that of a medium quantity of ice, and in which no heat
nor cold, practically speaking, is communicated to the water or the ice

from surrounding objects. Ti^, it is to be observed, is no mere theo-

retical case, but a perfectly feasible one. The result, evidently, if the
previously described theories be correct, ought to be that the mixture
of ice and water ought to paas mto tjie stete of imiform viscidity.

Professor Forbes' own words distinctly deny the permanence of the
water and ice in contact in their two separate states ; for he says,
' Bodies of different temperature cannot continue so without inter-

action. The water must give off heat to the ice ; but it spends it in

* The terms fracture and revelations Professor J. Thomson rem&rkit, then
oune to be, the brief expreuion of Profesjor Tyndall's idea of the pltsttcity of
ice. But tha former, whose views we sre aboot to give in the text, observes
on the nomenolatore of the process, ** 1 suppose the term regelation has been
(riven by Profesaor Tjndall as denoting the •roond, nr mending stage in his
theory of ' Jracturt and regelatum.' Congelation would acem to mc the mora
proper word to use after frscture, at regelation implies previous melting. If
tnjr theory of smMv ^ pmnn and fltttint again by relirf of pretture be
admitted, then the farm regelation wlil come to be quite auitable for a part of
the procsst of the union of the two pleees of ice, though not for the whole,
which then onght to be dcsign*te>l as the prooess of meUing and refelalion."
• Proceedings of the Uojral Society' (vol. x.) for Nov. 24, 18i9, p. 1J4, note.

It may be remarked on this, however, that while the latter |>bnM> may be
lequired In discuislng the phenomena of glooiera, as the word r<-gelation itself

implim that a previoui froien atate has existed, it would appear to be aufllcient

ia deaisnating aimply the phyaical proeeas to which it waa originally applied.

f In explaniition of the aimplest caae of regelation, Profesaor J. ThomsoB
axprsaaed himself in the fallowing manner in a communication to the British

Aisoelallon, In ISi? :—"The two pieces of ice (at 33') on being pressed
tofetfaar at the point of contact, will, at that place, in virtue of the pressure, be
la part liqoeBcd and reduced in temperature, and the cold cTolved in their

liquefaction will cauae some of the liquid fllin intervening between the two
maisea to frecxe."

t Sir J. P. W. Herachel, when be terms rcgelstiOB " a sort of welding

"

(Hail), appears to concur with thia view.

[( Tula uae of the term regelation we conceive to be at once inaccurate, and
tending to ambiguity. 'I'hc water In thia caae need not have been frozen before

;

and to call its Mitdiflcation, by the clTeGt of the oontiguoua ice, regelation, is

erroneoualy to extend the application of that term to all cassa in whieh water,
however uriginally resulting, is frozen by ths contact of Ise.]
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an insignificant thaw at the aiirfece, uhrch, therefore^ wastes even thoit{/h

ike xoaUr be what is called ice-cold.' Now, the conclusion arrived at,

namely, that a quantity of viscid water could be produced in the

manner described, is, I am satisfied, quite contrary to all experience.

No person has ever, by any peculiar application of heat to, or with-

drawal of heat from, a quantity of water, rendered it visibly and
tangibly viscid. We even know that water may be cooled much below
the onUnary freezing point and yet remain fluid."

Professor Forbes regards Mr. Faraday's fact of regelation as being

one which receives its proper explanation through his theory described

above ; and, in confirmation of the supposition that ice has a tendency
to solidify a film of water in contact with it, and in opposition to the

theory given by Professor J. Thomson, that the regelation is a conse-

quence of the lowering of the melting-point in parts pressed together,

he adduces an experiment made by himself. He states that mere
contact without pressure is sufficient to produce the union of two
pieces of moist ice, and then describes as follows his experiment by
which he supposes that this is proved :

—" Two slabs of ice, having
their corresponding surfaces ground tolerably flat, were suspended in

an inhabited room upon a horizontal glass rod passing through two
holes in the plates of ice, so that the plane of the plates was vertical.

Contact of the even surfaces was obtained by means of two very weak
pieces of watch-spring. In an hour and a half the cohesion was so

complete that, when violently broken in pieces, many portions of the

plates (which had each a surface of twenty or more square inches)

continued united ; in fact, it appeared as complete as in another expe-

riment, where similar surfaces were pressed together by weights." He
concludes that the eCTect of pressure in assisting " regelation " is

principally Or solely due to the larger surfaces of contact obtained by
the moulding of the surfaces to one another.

Professor J. Thomson has himself repeated this experiment, and has

found the results described by Professor Forbes to be fully verified.

It was not even necessary to apply the weak pieces of watch-spring, as

he found that the pieces of ice, on being merely suspended on the glass

rod in contact, would unite themselves strongly in a few hours. This
fact Professor Thomson explains by the capillary forces of the film of

interposed water, as follows :—Firstly, the film of water between the

two slabs—being held up against gravity by the capillary tension or

contractile force of its free upper surface, and being distended besides,

against the atmospheric pressure, by the same contractile force of its

free surface round its whole perimeter, except for a very small space

at bottom, from which water trickles away, or is on the point of

trickling away—exists under a pressure which, though increasing from
above downwards, is everywhere, except at that little s[>ace at bottom,
less than the atmospheric pressure. Hence the two slabs are urged
towards one another by the excess of the external atmospheric pressure

above the internal water pressure, and are thus pressed against one
another at their places of contact by a force quite notable in its amount.
If, for instance, between the two slabs there be a film of water of such
size and form as might be represented by a film one inch square, with
its upper and lower edges horizontal, and with water trickling from its

lower edge, it is easy to show that the slabs will be pressed together by
a force equal to the weight of half a cubic inch of water. But so small

a film as this would form itself, even if the two surfaces of the ice

were only very imperfectly fitted to one other. If, again, by better

fitting, a film be produced of such size and form as may be represented

by a square film with its sides 4 inches each, the slabs will be urged
together by a force equal to the weight of half a cube of water, of

which the side is 4 inches ; that is, the weight of 32 cubic inches of

water, or 1*15 pound, which is a very considerable force. Secondly,

the film of water existing, as it does, under less than atmospheric

Sressture, has its freezing-point raised in virtue of the reduced pressure,

[uch more, bp adds, wUl it freeze in virtue of cold given out in the
melting by pressure of the ice at the points of contact, where, from the
first two causes stated above, the two slabs are urged against one
another.

The difierent explanations and interpretations which have been enun-
ciated of the facts of regelation have been stated in this article partly

in the words of their authors, and partly in those of Professor James
Thomson, by whom the subject has been most recently treated.

References to some of the original memoirs will be found in his

paper in the ' Proceedings of the Royal Society ' (vol. x.), for Nov. 24,

1859, pp. 152-160 ; and others will be indicated in the sequel of this

article.

\t is manifest that the subject of regelation is one of great import-
ance in physics and in the history of nature, being connected with that
of the mutual relations of the difierent states of aggregation in which
the same species of ponderable matter— the same substance, chemically
speaking—can exist, and also with those " hidden and tmseen motions,"
to use the language of Boyle, by which the molecular condition of

such matter is perpetually changing. Some bodies, the equililmum
of the proximate elements of which is veiy unstable, present, in the
solid state, phenomena, seemingly at least, analogous to those presented
by water, and others in their alternation between the liquid and the
solid states. Of these, glass is an example, and the now well-known
fact of the incorporation into one mass of two or more plates of (plate-)

glass, the polished surfaces of which have been placed in close contact
with each other, presents a curious parallel to the incorporation into
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one of several slabs or other separate portions of ice by regelation, as

taking place in the experiments described in this article, and to deter-

mine in what manner these two subjects are related to each other

would appear to deserve careful investigation. The principal facts, so

far as glass is concerned, with the bearings on molecular philosophy

they appeared to possess before the phenomena of regelation had been
scientifically considered, will be found in the abstracts of two lectures

on that substance delivered by Mr. Brayley before the Pharmaceutical
Society of London in 1845, published in the ' Pharmaceutical Jouinal

'

(vol. V.) for August and October of that year.

In a paper on the Physical Properties of Ice, Professor Tyndall has

shown that when a sunbeam traverses a mass of ice, the latter melts

at innumerable points in the track of the beam, and that each portion

melted assumes the form, not of a globule, but of a flower of six

petals. The planes in which these flowers are formed are independent

of the shape of the mass, and of the direction of the beam through it

;

they are always formed parallel to the surface of freezing. This, he
observes is a natural consequence of the manner in which the particles

of ice are set together by the crystallizing force. By the slow abstrac-

tion of heat from water in the process of freezing, its particles build

themselves into these little stars, and by the introduction of heat

into a mass so built, the architecture is taken down in a reverse order.

In watching the formation of artificial ice, by the macliine of Mr.

Harrison (noticed under Freezino-Appabatus), Professor Tyndall

has seen little solid stars formed, which were the exact counterparts of

the little liquid stars formed by melting. ' Phil. Trans.' 1S58, pp.
211-227 ; lb. 1859, pp. 298, 299. Appended to the former paper is a

letter from Professor Faraday on the irregular fusibility of ice.

Another important part of the history of ice is its production on the

bed of rivers, when it receives the name of Ground-ice, Bottom-ice,

and Ground-gru ; the Olacedufond of the French, and the O'ruvd-eis

of the Germans. It is generally imagined that rivers freeze only at

the surface ; this however is not the fiict, ice being frequently formed
at the bottom of running water. Thus, according to the late Rev.

Dr. Farquharson, F.R S,, the phenomenon is so common, and so well

known in certain parts of Aberdeenshire, that the inhabitants have

given it the name of Ground-gru, a name which that gentleman has

adopted in his paper on the subject in the ' Philosophical Trans-^ctiuns'

for 1835, p. 329. Gru is the name by which the people of Aberdeenshire

designate snow saturated with or swimming in water ; and as the ice

formed at the bottom of rivers very nearly resembles that in appearance,

a better name than Ground-gru could hardly be given, though it would
be more precise to call it subaqueous ice, in contradistinction to that

found at the surface, and because the term ground-ice, which this

formation has also received, has been sometimes given to the ice

occasionally met with at certain depths in the ground in northern

countries.

Common, however, as may be the phenomenon of subaqueous
ice, and although it baa been noticed at various times, it has but
lately attracted the serious attention of observers. Ireland, in his

'Picturesque Views of the River Thames,' published in 1792, 2 vols.

8vo., mentions the ground-ice of that river, and on the subject quotes

Dr. Plott, who says, " The watermen frequently meet the ice-meers, or

cakes of ice, in their rise, and sometimes in the ujiderside enclosing

stones and gravel brought up by them ab imo."

M. Arago published an interesting paper on the subject in the
' Annuaire du Bureau des Longitudes' for 1833, in which he mentions
the following observations made on ground-ice :•—In the Thames, by
Hales, in 1730; in the river D^ome, department of Ardfeche, France,

by Desmarets, in 1780; in the Elbe, by M. Braun, in 1788; in the

Teine, Herefordshire, by Mr. T. A. Knight, in 1816 ; in the Canal de la

Birze, near Bale, by M. Merian, in 1823; in the Aar, at Soleure, by
M. Hugi, in 1827 and 1829 ; in the Rhine, at Strasburg, by Professor

Fargeau, in 1829 ; and in the Seine, by M. Duhamel, in 1830. More
lately still. Colonel Jackson, in a paper on the congelation of the

Neva, published in the fith volume of the ' Journal of the Royal Geo-

graphical Society,' mentions the formation of ground-gru at the bottom
of that river ; and in the 6th volume of the same journal there is a paper

expressly on the ice formed at the bottom of the Siberian rivers. The
Rev. Mr. Eisdale has, in the ' Edinburgh New Philosophical Journal,'

vol. xvii., p. 167, a paper on ground-ice ; and, finally. Dr. Farquharson,

as already mentioned, published his observations on the ground-gru of

the rivers Don and Leochal, in Aberdeenshire.

Almost all who have written on ground-gru have endeavoured to

account for its formation, though no explanation yet given is perfectly

satisfactory. Dr. Farquharson, whose paper contains an original

investigation of the subject, says it is the result of radiation, and
endeavours to substantiate his reasoning upon the principles of the

formation of dew. It was remarked in this article, as originally pub-

lished, that he seems to forget that Dr. Wells maintains expressly that

wind and shade are alike obstacles to radiation ; and that consequently

a body of moving water so deep as to be impervious to light, and par-

ticularly when covered, as in the case of the Neva, with a sheet of ice

three feet thick, and as much more of snow, must present an insur-

mountable obstacle to the radiation of heat from tlie bottom of the

river. This objection, however, is unsound, and is removed, as in

many other instances of the supposed insufficiency of the principle of

3a
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to aBooant for dapnaiioa of tempanton, bgr ua admuato
(d. It Ulioa of the entire MriM of tlM pbnionMaa oonoeniad.

too* that the thiek thect of ioe and ita ooraring of anow will praaent

an ofaataela to tha direct ndiatioo of heat into apaoa from the bed of

tha rirar, thoagfa ihay themaalTai will have anoh radiation above. But
the b«d of the river, at a oomparatiraly high tamperatiira, will aafbr

raMKantion by the ladiaiion of ita heat tu the ioe on the aurfaoa of

the river, and may thua (and if there be time enough mtut naceaaarily

thua) be ooiiled eventually to the freeainK jioiiit. and to effect the

fonnatiun of the eroundioa. A famiUar and rea<iily intelligible illua-

tration of thia will be found in an obaervatioo of Dr. Joaaph D. Hooker,

which oecura in the invaluable ooilaetion of phyaioal facta praaeated by
hia ' Himalayan Juumala,' and already cited in the article Dsw. When
in the narrow vallara of Eaat Nejial, in the month of Novamber, and

at the elevstioa of 8000 feet, the nighta were so brilUant, and the

radiation from the earth and bodiea upon it conaequently ao powerfiU,

that the upper blanket of hia bed became coated with dew, from the

rapid abatiaetion of heat by its radiation to the tarpaulin of bis tent,

itaelf froaan by i'l own raiiiation to the aky. The direct radiation of

the bUnket to the sky was prevented by the tarpaulin, but this did

not prevent the oonvemiun of the aqueous vapour in contact with the

blanket into dew. In thia ease, the frozen tarpaulin corresponded in

ita action to the surfaoe-ioa of the river, the bliuiket to the river-bed,

and tba dew upon it to the gmundioe. Had the exposure beitn longer

oontinttad, or Uie temperature of the whole system of radiating bodies

bean lower, hoar-frost iii»t<»/< of dew would have been formed, and the

parallel would then have been perfect,—according to Dr. Parquhorson's

view of the origin of grotmdice.

Mr. Eiadale thinks ground-ice is the result of frozen spiculie from

the atmoaphare, analogous to hoar-frost, falling into the river, and
Aare forming mw^Ui, around which the water freezes at the bottom

;

but this is quite inadmissible. M. Arago's explanation in part, and
the very simple fact that water, when at 83° of Fahr., if at rest, or

in vwy alow motion (which is the case at the bottom of rivers), will

tnua, seem among tba most natural ways of accounting for the

formation of ground-gru. M. Arago attributes the formation to three

aireamataneee—1st, the inversion, by the motion of the current, of the

hydrostatic order, by which the water at the surface cooled by the

oolder air, and which at all points of the temperature of water under

S9* Pkhr. would, in still water, continue to float on the surface, is

mixed with the warmer water below ; and thus the whole body of

water to the bottom is cooled alike by a mechanical action of the

stream ; 3nd. the aptitude to the formation of crystals of ice on the

tones and aaperities of the bottom in the water wholly cooled to 82°,

similar to the rnadinnss with which crystals form on pointed and rough
bodies in a saturated aaline solution ; 8rd, the existence of a less impe-

diment to the formation of crystals in the slower motion of the water

at the bottom than in the more rapid one near or at the surface.

But, aa haa been said, no explanation yet given is quite satisfactory,

and the phenomenon yet remains to be studied under all the variety of

eircomstaoeea which may attend it. A knowledge of the temperature

of the water at different depths is most essential to a just appreciation

of the real oatiae of the phenomenon.
Oroond-gru differs materially from surface-ice. Dr. Farquharson

daseribea it aa having " the aspeot of the aggregated masses of snow,

a they are aeen floating in riven during a heavy snow-shower ; but on
taking it out of the water, it is found to be of a much firmer con-

aistenae than theae : it is a cavernous mass of various sized, but all

mall, pieces or crystala of ioe, adhering together in on apparently

irregular manner by their sidea, or angles, or points, promiscuously

;

the adheaion variea according to circumstances." This ourrespouds

pvoiaely with what Is stated by Col. Jackson to have been observed

Vf him in the Neva at St. Petersburg. Dr. Farquharson says, that

when it begins to form at the bottom, it aggrwatea in forms somewhat
l eaumbling little hearta of oauliflower. Mr. Weits, author of the paper
in the ' Journal of the Oeographical Society ' on tba ground-gru of the

Silx-riao rivers, asys that which he noticed at the bottom of the Kann
(an affluent <>( the JenisMl), 40 versta from Krasnojarak, was of a
neeoish tinge, and raaembled patchaaof the cof^grvoitUef. From these

nets we conclude that though the appearancea of the ground-gru may
vary with circumstances, it is in aU caaes aaaoitially different from the
olid compact aheets of surfaoe-ioe.

[Dew: FkncMo; Han.; Hoar-Pbovt; Mctroroloot ; Snow;
Wateb
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ICE HOUSES AND ICE-TIiADE. Conndering ice as an article

of commerce, one of the most important points connected with it is

the adoption of means for preventing the substance from melting away
in hot weather. Ice-houses are expreasly constructed to thU end.

Such structures are not only useful for preserving ice which is to be
applied to the cooling of liquors, or to uie preparation of articles of

confectionary, but also as affonling the meet ready if not the moat
HTactoal meana known for keeping meat. flsh. game, vegetables, and
fruit sweet and frceh in hot weather. Although theae imp<irtant con-

veniences are rari'ly to be found among the buildings of an Knglish
farm, they are fnxjuent in those of North America, and might be
atlvantageously intrnduoed iu thia country, especially upon such farms
as are connected with inns.

On* of the aimptaak mode* of preserving ioe oonifarti in enveloping
it in a graat quantity of atraw, above the surface of the ground, in

such a poaition that moisture, which is even more injurious than heat,

may drain off freely. For this purpose the ground should be raised in

the form of a flattened cone, upon which should be laid a stratum of

faggota. Straw is laid upon the faggots to the thickneas of a foot or
more, and the ice is pUed upon it in a compact conical mass, the larger

the better. Over the ice is laiil flrst about a foot thickness of straw

;

then faggot-wood to a further thickness of two feet, the interstices of

whioh have the efleot of keeping a stratum of conflned air round about the
pileHof ioe ; and, finally, two or three feet of straw arranged as a thatch.

An undergroimd ice-bouse may be simply a large cellar, with hollow
or double walls, floor, roof, and doors, and furnished with a trapped
drain to allow the escape of such water as may be produced by a partial

thaw, without admitting any air. Such ice houseii are usually formed
hi the ahape of an inverted cone, which is con«idered the most advan-
tageoua because it keeps the ice more cora|notly together than any
other form, and because, in case of any thaw taking place, the remain-
ing ice will naturally slip down, so as to keep the mass solid. In nil

cases it is well to interpcee a layer of strew, reeds, or chaff (the last

named is preferred to strew in Italy, where it is used for packing ice

for trevelling) between the walls and the ice ; and by the use of faggots

as well aa strew any perfectly dry cellar in a suitable situation may bo
used as an ice-house. In some situations a sufficient degree of hoUow-
nass in tite walls may be produced by the adoption of the plan of

building with bricks on edi^, or by some similar contrivance. One
mode of building hollow walls which may be thus applied consists in

the use of half bricks divided longitudinally, as stretchers, leaving a
space equal to the full width of a brick between them. Hollow floors for

ice-houses may be constructed in various ways, with bricks on edge and
tiles or flags. Whatever be the construction of the ice-house itself,

there should be no opening by which it can communicate with the
external air excepting through the entrance passage, which is usually

at least two or three yards long, and furnished with two, three, four, or

more doors, of which not more than one must be opened at a time.
Where the difficulty of excluding external temperature is very great,

treble walls, roofs, and floors may be used ; and the cntranoe-paasage
may be made crooked, with a door at every turn.

Loudon gives a ground-plan and section of a complete icehouse of
approved construction, of the inverted conical shape, with an arched
roof, which it is proposed to cover with two or three feet of earth, or

more in hot climates, over which he suggests the propriety of training

ivy, for the sake of excluding solar heat. In this design a small pump
is shown communicating with a well in the drain of the ice-house, for

the purpose of raising the th.aw-water for drinking or other use Ure
describes a similar structure, but with solid walls and a conical roof of
timber, which may be simply thatched, or covered with brickwork and
thatched, and which should have a gutter round it to collect and con-
duct to a distance all rain that falls upon it. In Gordon's plan the
excavation is made considerably larger than the ice-house, which con-
sists of a framework of strong timbers, roughly boarded outside, and
lined with straw set on end and confined by laths nailed to the timbers.
The conical roof ia thatched with straw or heath, and the space between
the outer boarding and the surface of the excavation is filled with heath,
bnishwood, or fir-tops, and neatly thatched or turfed over. In some
situations simple excavations in calcareous soils, with a long circuitous

passage by way of approach, ore ttsed instead of more regiilar ioe-

houses.

In filling an ice-house, the ice should be broken with mallets to a
coarse powder, and well rammed down as it iu thrown into the ice-

well; its upper B\irface being kept of a concave sh-ape, and a little

water being occasionally added to fill up all inteintices, and to facilitate

the congelation of the whole into a solid m-oss. A better method is

to sprinkle the ice with water saturated with salt, at the rate of a
pound of salt to a gallon of water. This eait and water may be
applied by a common watering-jvit upon the surface of the ice at
intervals of two feet from bottom to top of the mass, an extra quantity
being poured on when the filling is completed. By this means the ice

becomes so firmly compacted aa to need the force of a pickaxe to break
it up, even in the beat of summer. Snow is occasionally preserved in

a similar muiner to ice, it being carefully compresaea into a solid

mass. In Portugal and some other countries, when the snow has been
collected in a deep gulf, some grass or green sods, covered with dung
from the sheep-pens, is thrown over it ; and under this covering the
snow is so well preserved that it may be taken up and transported to a
considerable distatice throughout the summer.
An ioe-box, or sort of portable ice-house, is occasionally used. It

consists of an inner and outer casing, six inches apart, the interval

between which is filled vrith burnt cork reduced to powder, this being
foimd to possess higher non-conducting properties than the charco,al of

wood. The lid is double, and is filled with the same substance ; and
it is made perfectly air-tight by means of projecting ledges, which,
when shut, dip into a gutter filled with water. Ice may he preserved
for several weeks in such a box, in wliich also bottles, dishes, &c., may
he placed. Similar to this contrivance is the American ice-safe, intro-

duced a few years ago into this country.

The French, in 1869, constructed an extensive range of ice-houses

in the Boia de Boulogne, between the Autouil railway and the fortifl-
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cations of Pane. During the hard frost of December in that year, 250
carts were employed for 10 days in conveying ice to these buildings.

A remarkable traffic has sprung up in America, namely, the transport
of ice to various parts of the world. In the East Indies the artificial

formation of ice has been long carried on, as the only means of coding
beverages and food. The ground near Hoogly, about 40 miles from
Calcutta, is formed into shallow troughs ; into theee troughs, on a
layer of straw, are placed pans of porous earthenware. Shortly before
midnight in the winter months, and when the wind happens to be
Wowing from the north-west, a little water is poured into each vessel

or pan ; and if all the circumstances are favourable, a film of ice is

found in each pan on the following morning, which ice is collected and
stored with the utmost care. The selling price of this ice at Calcutta
wa» formerly about si.tpence per pound ; but the Calcutta inhabitants
were surprised by the arrival, in 1833, of a ship from the United States,

laden entirely with ice, which was offered for sale at three-pence per
pound, and waa understood to yield a good profit, even after paying all

the expense* of a long voyage. Since then the price has been much
lowered, and ice has become a regular article of shipment from
America. The idea of this trade had occurred to a Boston merchant,
Mr. Tudor, twenty years earlier ; but it was only by much patience
and perseverance that he overcame the various difficulties.

The trade is now chiefly in the hands of the Wenham Lake Com-
pany. This company ptirchased a lake of pure water, and the
surrounding land, at Wenham, about eighteen miles from Boston

;

they built storehouses, and formed a railway from Wenham to Boston.
The lake is very deep, and is supplied solely by springs, which issue
from its bed. During winter the ice which forms on it is very thick,
dear, and compact. When the ice is about a foot thick, a number of
men, horses, and machines are set to work. The ice is first swept
ecrupulously clean ; an ice-plane is drawn over it, to cut away a layer
of loose or imperfect ice ; an icejdowjh is drawn over it, to cut a groove
•cross the lake ; and other machines are successively employed, until
the ice is removed from the lake, in solid blocks weighing frvm one to
two ewta. each. They take two acres of lake sui4>ce into operation at
one time ; this will yield, at the average thickness, about two tfaonsand
tons of Ice ; and forty men, assisted bytwelve horses, will cut and stow
four hundred tons of this in a day. The company's store-house, near
the lake, is built of wood, and has double walls two feet apart : the
mtervening space being filled with sawdust ; twenty thousand tons of
ice can be stored in this building at one time. The company convey the
ice to Boston on their own railway, and thence transmit it to various
parts of the world. Large store-houses have been formed in many
parts of the LTnited States, as well as in London and Liverpool. So
many are the establishments now engaged in this trade, and so im-
portant has it become, that the ice-farms of the states of Massachusetts
and New York are reputed to be equal in commercial value to the rice
farms of Georgia. Boston is the great storehouse, containing sometimes
as mnefa as 800,000 tons of ice in store at once. About 10,000 persons
altogether are supposed to be concerned in and with the ice-trade of
America, and about 6,000,000 dollars of invested capital.

A carious project was started a few years ago, for sending a steambcht
to Newfoundland, to tow home on iceberg ; an iceberg of 10,000 tons
wouU, it was conceived, pay the expenses and yield a good profit.

There have been many projects for producing ice artificially—by
rarefaction, by evaporation, Vjv the contact of freezing mixtures, and
by other means ; some of which are described in the articles FBEZzma ;

Fheezino ArpABATCs ; Frkeziso MrxTUBBs.
ICELAND MOSS, botanically Celraria Itlandiea : Medical Pro-

pertiet nf.—This lichen, commonly termed Iceland moss, though native
of the higher mountains of the northern part of Britain, is procured
mostly from Norway and IceUnd, on the lava of the west coast of
which latter country it aboimds and attains a large size. It is imported

.
through HambuiT?. "The thallus is erect, tufted, olive-brown, paler
oo^ one side, laciniated, channelled, and dentato-ciliatc ; the fertile

lacinia very broad ; apothecia brown, appressed, flat, with an elevated
border." (Hooker.) The apothecia are very rarely developed on the
thallus in Britain, save on the mountains of Ben-na-bord in Aberdeen-
shire, and the imported specimens rarely have them, probably from
being gathered in a young state ; for this lichen is too important an
article of food in northern countries to be allowed to grow to matu-
rity. When dry, it has scarcely any odour, and the taste is bitter and
unpleasant. The powder or flour is of a whitish gray.

"^he analysis of Berzelius gives as its constituents—starchy matter of
a peculiar kind (/trA«nm), 44'6; bitter principle (celraria), 3-0; un-
ciystallisable sugar, 8-6 ; chlorophylle, l(i; extractive matter, 7 0;
gum, 87 ; bitartrate of potass, and tartrate of lime, along with phos-
phate of lime, !•{• ; amylaceous fibrin, 36-2 ; and inulin.

The bitter principle, or cetrarin, may be separated by digesting the
lichen in cold water containing l-16th of carbonate of potass (some
ailirm l-800th to be sufficient) for twenty-four hours. The whole is

then thrown upon a sieve, and the li(imd drained off. This liquid,
when evaporated, yields a whitish principle, extremely bitter, very
soluble in alcohol, particularly when boiling, and ether ; sparingly so
in water, volatile oil", and creasote. This principle may also be sepa-
rated by animal charcoal, according to PerettL (' Annalen der Phar-
maeie,' vi. p. 844.) If the lichen be steeped in distilled water, and
oiwe or twice heated in the water up to ISI/" Fahr., most of the bitter-

ness is removed. (Pereira.) When this is removed, the starchy

matter ditiers little from wheat-flour in nutritive properties, though
Ula.S8on asserts that a soup prepared with it is twice as nutritious as

one made with flour. (Sparmann, ' Voyage,' iii. p. 129, note.) Certain

it is that the inhabitants of Norway, Lapland, and above all, of Iceland,

use it extensively as an alimentary substance, the latter regarding it as

the gift of " a bountiful Providence, which sends them bread out of the

very stones." Dr. Henderson (' Tour in Iceland ') says that a porridge

made of this lichen-flour is to a foreigner not only the most wholesome,
but the most palatable, of all the articles of Icelandic diet. It is sub-

mitted to no other preparation th;ui relocated steepings in cold water,

drying, and powdering ; after which it is either made into cukes or

boiled in milk. Unless it be steeped, it is both offensively bitter, and
also to many persons purgative ; hence it has been called lichen cathar-

ticus. (Borrichius, ' Act. Hafnien.,' 1671, p. 126.) But cattle turned
out to browse on it in spring, though at first purged, ultimately become
fat. (Boerhaave.) Owing to its intensely bitter taste, as it had not

been previously steeped, Sir John Franklin, even wheu pressed by
hunger, could not use it, though the tripe de roche suited well. (' First

Journey to Shores of Polar Sea,'4to., p. 413, 414.)

The excellence of Iceland moss depends upon its freshness and
freedom from accidental impurities, which should be carefully removed
before it is used. In its natural state, that is, while still containing the

bitter principle, it is tonic, stomachic, febrifuge, demulcent, and nutri-

tious. It has acquired a high reputation, not merely as an article of

diet, but as a medicinal agent in consumption and chronic diarrbojas,

and dysenteries devoid of inflammatory states of the intestines. To
obtain benefit from it, the use of it must be |)ersisted in for a long time.

This constitutes at once a difficulty in the employment of it, and casts

a doubt on the exact nature of the cases in which it is said to have
proved serviceable. The unpleasantness of the bitter it contains ren-

ders it unpalatable to most persons, and also its heating qualities unfit

it for those who have either much general fever, or a state of sub-acute

inflammation of the stomach, a very frequent condition in genuine
phthisis pulmonalis. Hence there is every reason for suspecting that

in the instances where it has been \ised for a long time and proved
beneficial, the disease was chronic bronchitis, in which bitters and
demulcents are extremely useful. To disguise the disagreeable flavour

many expedients have been had recourse to, such as uniting it with
chocolate or cocoa, and flavouring it with orange-flower water, &c. (A
full account -bf these moy be found in Hufeland's ' Journal,' August,
1824, p. 126, from the pen of Dr. Oppert. Many formuUe may be
found in Oeiger, ' Pharmacopoeia Universalis.') The only officinal form
in Britain is the decoction, which is frequently made the vehicle of

medicinal agents. Cetrarin has been given in a sop.irate form as a

succedaneum for cinchona bark, and, like many other very bitter articles,

is of considerable efficiency in agues. Many substitutes for Iceland

moas have been proposed ; one of the best of which is the Carrageen or

Irish moss (Pticui critpui). This, when the brackish taste is lessened

by repeated steepings in cold water, forms an excellent jelly, much
relished by consumptive patients, and much cheaper than any other.

The Slicla pulnwxarett, or lung-wort, is of unquestionable eflieocy in

some cases of asthma. But none are so palatable as the Ceylun niosa

{Pueiu amijlaeem). This can be procured not only from Ceylon, but
abundantly from the' east coast of Bengal. In the form of jelly, soup,
lozenges, or other mode of preparation, it not only agrees better, but is

more relished than any jelly, either animal or vegetable. It is to be
hoped that it will become a regular article of commerce.

All the Iceland moss imported into Britain is not used for medicinal
purposes ; much is employed in baking ship-biscuits, as those into

the composition of which it enters are said not to be attacked by
worms, or suffer much from sea-water. In Saxony, in time of scarcity,

it is advantageously added to wheatcn flour. In some countries it is

employed in brewings.

ICHNOGRAPHY (from ix"** and ypai^), a representation of the
groundwork of a building. The iehnoijraphy of a building ia, in fact,

what is more commonly called the plan, or ground-plan : as the orthv-

ffj'apkf/ is the elevation.

ICHTHIN. An albuminous principle extracted froifi the yolk of

the eggs of cartilaginous fishes, such as the ray fish. It has the
appearance of white transparent soft grains, insoluble in alcohol, water,

and ether. Hydrochloric acid dissolves it without violet coloration,

which distinguishes ichthin from albumen. It contains :

—

Carbon SO-9

Ilydroi^cn •....*• 6*7

Nitrogen .,....• 14*7

Phosphorns (!)
1-9

ICHTHIDIN. [ICHTHULIN.]
ICHTHULIN. An albuminoid substance found along with ichlhidln

in the roe of certain species of fish. It is precipitated by the additiuu

of water to the expressed fluid of the roe. Ichthulin when first pre-

cipitated is viscous like gluten, but it afterwards becomes pulverulent.

It cuntains :

—

Carbon • • 52*6

Hydrogen 80
Nitrogen 16*2

suipbiu' ro
Fboaphorui (1)

'6
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ICICAXE. fllMixs.]

ICO.VtKiKAi'llY Uruiii ««» and 7y»^), « dawription of imagn*

•ad tbair aUhbutM. Tha Una ioonogrepbjr aoplia genanlly U>

illillillnm nf UmSgom rsprmDlad in uctait Mulptan! and mioting,

but h ii fr«qiMat]^ raatrktod to dcMriptioM o( tba imagaa whioh are

toaai in monuiiMati of madianral art In thii Miwe iconography, or,

M it ti mora aeeuratity daaignatad. CbriatiaD ieonograpbjr, explain* and

Ulnatrataa, by bmum ct writUn danriptioM and pictorial rapraaenU-

tiaaa. the imagaa, wbathar hiatoiieal, (agendarr, aOegorioal, or qrtn-

boiieal. of tba thraa penont of the Trinity, the Virgin Mary, adnta,

M^di, damaoa, aaimali, and nattiral object*, which are found rapre-

aortad in tlia chnmhaa, ehurch furniture, carriDga, picture*, stained-

^aa window*, funeral monnmcnu, illuminated manuacript*, Ac., from

tba aarlidat pariod of Christian art downward* to the 16tb ceotiuy.

Work* like K. Q. Viaoonti'* ' L'lconogr^thle ancienne; ou recuoil des

portraita autbentique* da* empereura, roia at homme* illuRtre* de

I'aatiquito,' S Tola, folio. Par. I6US-26; Montfaucon'* ' L'Antiquit^

Bzpliqnta at KaprcaanUSe en Figurea,' and Uiiller'* ' Denkmiiler der

Alten Kunat,' may be quoted aa illuatrstion* of the ioonography of

Oi«A and Roman art ; whilst a* example* of Christian iconography we
may dte M. Didron'a ' loonographie Chretienne ' (vol. i., 4to., 1843),

which form* a volume of the ' Collection* inMit* aur I'Uiatoire de

FVanoe,' and of which an En^^lish tranalation ha* appeared in B<^'s
' Ulustratad Library;' the ioonognphio portion of De Caumont's
' Cour* d'Antiquil^ Ilonumentalea,' Ouenebault's ' DicUonoaire Icono-

gn^ituqne,' and perhaps Mrs. Jameaon'* more popular volumes on

*I^aodaiy and Sacred Art.'

TIm term has also been applied to lepi aaentation* of objects in the

animal and vegetable kingdom in a manner which will be best explained

by the title of the work of M. Ou^rin Mteeville, ' L'lounogrsphie du
Bigne Animal de Cuvier ; ou, representation d'apres nature de I'une

daa Wfijfaf le* plus remarkable et aourent non encore figur^es, de

diaque genre d'animaux. Avec un texte descriptif,' 3 vols, tivo, Paris,

1829-44.

ICONOLOOY (from tiicor and XoTot) the explanation of symbols,

topea and emblems, and of allegorical figures with their attributes. Of
this kind are the ' Iconologie par figures ; ou Traits complet des

Allegories, Emblimes, Ac.,' of H M. Oravelot [H. F. Bourguignon].

and Cochin, 4 vols. 6vo., Paris, 1796; the 'Iconologie historique,' of

M. C. Delafosse, 2 vols, folio, Paris, 176S ; and the ' Iconologia,' of F.

Pistrucct, Milan 1819-21, of which an English translation, in one vuL

folio, was published in 1824 under the title of ' Iconology ; or the Art
of representing by allegorical figures the various abstract conceptions

of the mind.' The term is not much used now.
ICOSAHEDKON. [Solids, reodlab.]
ICTERUS. [Jaundice.]

IDEA (Um, from the root IS, to see), in its widest and now generally

rcoeived acceptation, is employed to indicate every representation of

outward objects through the senses, and whatever is the immediate
object of thought. Like many other terms of mental philosophy, it is

derived from the most eminent of the senses, that of vision. In the

Platonic philosophy, the word idea possessed a higher import, and
signified, primarily, the archetypes of all created things as they subsist

in the divine intellect ; and, secondarily, the conceptions of the human
underataoding, by means of which the oasence of a thing is conceived.

According to another, though a more questionable definition, the

Platonic ideas denoted certain absolute qualities, which are regarded

as rea< because they are capable of becoming objects of true knowledge.

Plato's own definition is very extensive :
" an idea may be attributed

to whatever, aa a plurality, may be indicated by the Ktiue name " {tUo!

y6p leov Ti tKOLOToy tiiSa^tv ri0ta9at wtpl iKcurra ra iroWd, ols rtu/rbi'

irofta iwi^poiitr. ' De Rep.' X. 596 a). For in Plato's loose phraseology

the terms •flos and iHa are employed indifferently in the same sense.

This being remembered, there is little objection to Plutarch's historical

ooount of these ideas, which we here give in the English of Holland.
" Idea i* a bodile** substanoe, which of itself has no subsistence, but
giveth form and figure to ahapeless matters, and becometh the cause

that bringeth than into show and evidence. Socrates and Plato

mppoaad that theae be lubatanoe* aeparate and distinct from matter,

binrbeit nibnsting in the thought* and imaginations of Ciixl, that is to

ay, of miod and underatanding. Aristotle admitteth verily these forms

and idcaa, howbeit not separate from matter, a* being ]iattems of all

that Uod hath made. The Stoics, such at least as were of the school

of Zenn, have delivered that our thoughts and conceits are the ideas."

(Plutarch, oh. x., foL 660 ; ' Opinions of Philosophers.')

Tboea idea* by means of which perception is obtained were
commonly supposed to be really imagea or reaemblancea of external

objects. By the Peripatuticd however they were held to be immaterial,
while Epicurus and his followers made them to partake of the matter
as well as of the form of their originals (tenui rerum simulacra). See
Cic ' ad Att Ep.,' ii. 3.) For the term idea the schoolmen employed
the word iperirt, by which, Cicero tells ua, it was usually rendered in

Latin (' Top.' 7), alttiough he himself proposed "form," which has been
in Uter time* B<lo|tt«il by Kant and his followers to designate that
ooostant element in the |>erce|>tiou of outward objects which is

indepmdent of matter, and which the mind present* to itself in

oeordsDOa with it* own laws. These species the schoolmen divided

iato aaoiibla and intalligible, of which we shall liere extract Uobbos's

clear and succinct aooount. " The philosophy school* teach that for

tha cause of vision the thing seen send<.'tli forth on every side a visible

spade*, (in Eii);li»h) a visible show, apparition, or aspect, or a being

seen, the receiving of which into the eye ia seeing Nay for

the cause of understanding also the thing understood sendeth forUi an
iHltUigibU qMoies, that is, an intelligible being leen, which coming into

the understanding make* it understood." (' Of Man,' |>art i., c 1.)

The term idea was again introduced into philosophy by Des Carte*,

with whom and his followers it is nearly synonymous with the species

of the schoolmen. According to Locke, " Ideas are whatever is tha

object of the understanding, whatever a man thinks, or whatever it ia

the mind can be employe<l about thinking." (Letter to the Bishop of

Worocater, ' Works,' vol. iv.) In this large sense the word is generally

employed by English and Prenck writera, and also by the Oermao*
before tha time of K-mt, for the father of the critical philosmiby

aacribe* to idea a higher but limited signification. By idea Kant
eminently designated every conception formed by the reason (as

distinct nom the understanding), and raised above all sensuous percep-

tion. These idem he subdivides into, 1st, empirical, which have an
element drawn from experience, for instance, oi^ganisation, a state, a
church ; and 2nd, pure, which are totally free from all that is sensible

or empirical, such as liberty, immortality, holiness, felicity, deity.

Another division of the Kantian ideas is into theoretical and practical,

scconling to a similar division of the reason itself. Thus the idea of

truth is a theoretical idea, that of morality a practical idea.

Fur an account of the various theories, and his opinions of them, no
better work can be named than the ' Lectures on Metaphysics ' by the

late Sir William Hamilton, published under the editorial care of the
Rev. H. L. Mansel and J. Veitch, 1859, Ac. There ia valuable matter
also in Sir William Hamilton's editions of the works of Dr. Thos. Reid,
and of Dugald Stewart.

IDEAL has two uses, philosophical and critical. In the former it

signifies, first, whatever belongs or relates to ideas generally. It is in

this sense that the word is employed in the phrase " Ideal theory," in

the controversy between Reid and Priestley. According to this theory,

the understanding does not perceive external objects themselves by
means of the sensuous organs, but the organs of sight and touch
transmit to the mind certain ideas or images of sensible objects, which
it perceives within itself. Locke, who received the term idea from
Des Ou-tes, seems unconsciously to have adopted, with the use of the
word, the scholastic doctrine which it involved. For he expressly

declares that our ideas of the primary qualities of bodies are resem-

blances of them, but that those produced by secondary qualities ore no
resemblances at aU. From this explanation of the means of ]>erception,

Locke has, on the one hand, been represented as the origin of modem
idealism ; while on the other, in consequence of the superior value
which he evidently gives to the testimony of sensation, his authority

has been claimed by the opposite school of ideology, as founded by the
disciples of his French commentator Condillac. 'The second sense of

the word is more limited, being confined to a peculiar class of ideas

created by and solely subsisting in the imagination. Connected with
this especial signification is its usage in the science of criticism, or
iesthetics. Here ideal signifies a something which, although not
existing in the reality of sensible things, subsists actually in thought

—

the joint creation of the reason and the ima^nation, the archetype and
pattern of supreme and {lerfect beauty. Although unreal in nature,

this ideal is not imnatural ; it is the absolute sum and unity of those

scattered beauties which nature, with a lavish but impartial hand, has
diffused among her myriad phenomena. [Esthetics ; Beauty.]
IDEALISM, the designation of many and different systems of

philosophy, which only agree in the common principle from which they
originate. This principle is the opposition of the ideal and the real,

that is, of ideas and things—^the contnuiety of mind and body, or of

spirit and matter.

1. As the essence of the mental lies in free activity and vital motion,
as opposed to the invariable mechanism and inertness of the corporeal,

the name of Idealism is rightly applied to those systems of phj'siology

which make the primal substance and original of all things to be certain

force* invisibly working throughout the universe. To the idealists of

this das* belong the dynamical philosophers of the Ionian school,

Tholes, Anaximenes, Diogenes of Apollonia, and Heraclitus.

The fundamental position of their several doctrines was the assump-
tion of a living energy which as it developes itself undergoes continuous
alteration both of form and quality—a transmutation which is the
cause of all generation in nature. For water, the primary substance of

Thales, was not the simple element, but water pregnant with vitality

;

the infinite air of Anaximenes was an animated and animating energy

;

and the intellectual primary of Diogenes was not merely the atmos-
pheric air, but a warm and perfect breath of life which jwrvades and
ensouls the universe. Wlule however in these philosophers the
philosophical idea is more or less mixed up with divers sensible con-

ceptions, Heraclitus seems clearly conscious of speaking figuratively of

the primary substance. With him a universal and abiuiliito life ix the
caujw of all pheiionieiin, which indeed is most strongly anil opeidy
manifested in the vitality of fire and the rational soul, which is like to

tire, while in other phenomena it is inherent, although not so obvious
and immediately cognisable. In this class of idealists among modems

I we must reckon Bosoovicb and Leibnitz. The former explained
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matter to be a system of forces; while, according to the latter, all

beings are of the same nature. Activity and simplicity are the
essential characters of all, and are so many forces or causes which he
terms monads. AH these monads possess the faculty of perception, or

of reflecting within themselves, as in a mirror, the universe. These
images however of perception cannot become the objects of knowledge,
unless in these monads, which possess also what Leibnitz calls apper-

ception, by which they are enabled to distinguish and see in themselves
these images. It is therefore this faculty of apperception which
constitutes the difference between the so-called material and spiritual

;

and as the faculty itself admits of different degrees, there are corres-

ponding orders of intelligences. Lastly, we must include in this class,

if anywhere among the idealists, the system of Spinoza, who asserts the
identity of matter and spirit, making them to be but different

aspects of one and the same substance ; and Schelling. whose philosophy
may be regarded as the complement of that of the Jewish philosopher.

2.. Another species of idealism considers the real as simply ideal, and
assumes that our representations of a material world correspond to

nothing actually existing, but that by contemplating these as objective,

we transmute the merely ideal into the real. The fundamental axiom
of this idealism is the priority of the ideal and the subsequence of the
real (' ideale prius, reale posterius '). Accordingly, the real only exists

so far as it is necessarily conceived by ua, so that the external world
is purely a cre.ition of our conceptions, or, in other words, the real is

a product of the ideal. To thia class is referred the Platonic attempt
to account for the existence of the senaible world by his ideas alone,
without recourse to any other nature alien and foreign to them. By
some, even the Aristotelian philosophy is designated as ideal in this
enae, at least so far as regards its fundamental principle. This they
make to be the assumption of a universal nmndane intelligence {yois),

which, as the principle of all things is a force (ifTtKixim), self-active,

all-perfect, and absolutely free. The manifold manifestations of this

entelechy are forms before and beside which matter exists only
potentially, while the forms are determined and distinguished by
privation {flSos, S\ri, ar4^ait). But the most perfect of idealists in

this class is Fichte, who derives not merely the form, but also the
matter, of the conception of external things out of the mind itself, or,

in his terminology, out of the ego (Ich).

3. A third system of idealism proceeds to the absolute denial of all

material existences. This species of idealism was impossible among
the ancients, who did not oppose mind so sharply to matter as to deny
the possibility of their interaction, but tacitly supposed their similarity,
opposing only corporeity, as composite, to incorporeity, as simple. Of
thu ideaUsm Bishop Berkeley is the author, although Des Cartes gave
occasion to it by his position, that nothing extended can enter the
unextended soul. Arthur Collier maintained the same theory, by a
different line of argument, and Locke afforded, by his doctrine of ideas,
the arguments for its supptjrt. The system of Berkeley is briefly this :

matter does not exist independently of our sensations, but conceptions
of a material world are produced by the operation of the deity upon
our understanding, and the material world exists only in the divine
intellect, who awakes in us certain sensuous conceptions in a definite
order, which order is what we call the course of nature.

i. The last species of idealism is more philosophical, and, without
denying or asserting the existence of a material world, is content with
confessing an ignorance of its nature. It pretends not to a knowledge
of things themselves, but is content with employing the ideas which
the mind forms, according to the laws of its own nature, upon the
occasion of the excitement of its sensuous organs, without determining
whether these ideas correspond or not to the exciting cause or causes,
whatever they may be. To this class belong Malebranche and Kant.
According to the former, mind and matter cannot act upon each other,
and the sensations of the mind are so many occasional causes
operating by a constant miracle of divine agency. {Deu» ex Machind.)
AccortUng to the latter, all that we know of outward objects is that
they furmsb the material part of our conceptions, to which the mind
formahes the form agreeably to its original and connatural laws ; while
of things themselves, which he calls phenomena, we absolutely know
nothing, but note only the modes under which they appear to us.

Idealism in fact forms the antithesis to realism, which involves
materialism. Sir William Hamilton in his ' Lectures on Metaphysics'
says—"a philosophical system is often prevented from falUng into
absolute idealism or absolute materialism, and held in a kind of
oscillating equilibrium, not in consequence of being based on the fact
of 'consciousness, but from the circumstance that its materialistic
tendency in one opinion happens to be counteracted by its idealistic
tendency in another

; two opposite errors in short, C0K>perating to the
same result as one truth. On this ground is to bo explained why the
philosophy of Locke and Cundillac did not more easily slide into
mrterialism." (Lecture xvi.) He also observes ('Discussions on
Philosophy,' Ac.) that " mankind in general believe that an external
world exists, only because they believe that they immediately know it
as existent." But of course if this knmcUdge be disallowed, if the
perception be only existent in the mind, the conclusion would be
unfounded.
IDENTITY designates in philosophical language the sameness of a

substance under every possible variety of circumstances. In this sense
it is employed in th« phrase pertonal identity, where it signifies the

invariable sameness of the thinking subject, or ego. In a secondary

sense it denotes a merely relative identity, which may also be called

logical or abstract. Thus, in logic, whatever things are subjects of the

same attribute or collection of attributes are considered the same

;

for example, dog and lion are the same relatively to the common
notion Quadruped, under which they are both contained. Again, in

physics, a tree may be asserted to be the same in relation to all the

rights of property, notwithstanding the physical change it undergoes
from the constant segregation of old and aggregation of new particles.

Lastly, it is only in this logical use of the term that we can be said in

memory to be conscious of the identity of the reproduced and the

original idea, for if they were absolutely identical it would be im-

possible to distinguish between the first appearance and the recurrence

of an idea. (Ancillon.)

According to Butler it is impossible to define the idea of personal

identity, but it is easily ascertained ; for a comparison of one's self in

any two momenta of our existence suggests immediately the idea, and
at the same time the identity of ourselves. (' Essay on Personal

Identity.') Reid's view is nearly similar :
" I caimot remember a thing

that happened a year ago, without a conviction, as strong as memory
can give, that the same identical person who now remembers that

event did then exist." (' Essays," ch. vii.) To the objection that con-

sciousness, being successive, cannot be the same in any two moments,
and that therefore, as consciousness constitutes personality, there

cannot be any identity of person, Butler answers, that consciousness

presupposes and consequently cannot constitute {personal identity, and
that the object perceived may be the same notwithstanding that the

perceptions by which it is discerned are distinct and different. Locke's

opinion on this subject appears to have been undecided. " The identity

of the same man consists," he says, " in nothing but a participation of

the same life, by constantly fleeting particles of matter in succession

vitally united to the same organised body." But personal identity he
defines to be the sameness of a rational being. (Locke, ' On the

Understanding,' p. 2, c. xxviii., s. 6.)

With respect to identical propositions, it is rightly observed " that

the greatest assurance and most certain knowledge we can have of any
thing is of such propositions as in the schools are called identical."

(Sir Kenelm Digby, ' On Man's Soul,' c. ii., p. 28.) For in deductive

reasoning the proposition and assumption which make the major and
minor premises of the regular syllogism are only logical transmutations

of the identical position in physics, that the whole is equal to its parts.

Things which are logically identical may be conceived to be so many
[>arts constituting a whole (genus) ; and the principle, " de omni et

nullo " is rightly expanded thus : whatever belongs, or not, to a con-

stituted whole, does or does not belong to all its constituent parts. In

the same manner all mathematical propositions are identical; and
Aristotle rightly teaches that in these equality is identity (4v tovtois

i) ia6rrif ivirti!, ' Metap.' x., c. 3) : the ultimate form to which all

equations are reduced being a = a. It is the want of this identity that

constitutes the difference between demonstrative and probable reason-

ing, although this difference is rather one of degree than of kind ; for

the inferior certainty in the latter arises from the difficulty of deter-

mining, in matters which fall within its domain, what really are all the
constituent parts in any whole, or general term; whereas in the
former every whole consists of certain determinate and limited parts,

HO that the procedure to a knowledge of the parts is easy.

By the system of absolute identity is meant the doctrine which
teaches the oneness of the subject and object (spirit and matter) as

merely different aspects of one substance. This is maintained by
Schelling, Hegel, and Cousin, who hold that mind and matter are but
" phenomenal modifications of the same common substance," and who
reject the conclusion that " the evidence of consciousness to their

antithesis is existence."

IDEOLOGY (the science of ideas or mind) is the term by which
the later disciples of Condillac, under the Directory and the Empire,
have designated the history and evolution of human ideas considered

as so many successive modes of certain original or transformed
sensations. Proceeding from this exclusive and partial view, nothing
perhaps can equal the logical simplicity of the writings of this school,

the subtlety of its abstraction, the boldness of its geneialisatious, or its

analytical dexterity in reducing an idea to its simplest expression. Its

metaphysical aspect is ably exhibited in the ' Ideologic ' of Destutt de
Tracy. With him we should also class Main de Biram and Laromi-

guiire, but for the many traces in their writings of dissent from the

system, so that they may more properly be considered as forming the

transition to that form of mental philosophy in France developed

by Royer Collard and his disciples, Jouff'roy, and Cousin.

IDES. [Kale.noar.J
IDIOT. [Lunacy.]
IDRIALIN (C,oH.j,Oj ?), a hydrocarbon found in the mines of

Idria. It colours sulphuric acid intensely blue. It is probably iden-

tical with succisCeren, a substance obtained from amber, and which has

the same property of colouring oil of vitriol intensely blue.

IDRYL (C„H.j). A pecuUar fusible and volatile hydrocarbon, ob-

tained by the destructive distillation of a kind of coal found in the

quicksilver mines of Idria.

IDYLL (Greek, tiSiWiov ; Lat. Idy'Uiwm or Edy'Uium) is a poem
" descriptive chiefly of the processes and appearances of external nature

;
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or of chanct«n, nuDiMn, and ntitimeitta ; or of Umm in conjunction

with the apiwanooM of nature. The qiitai>b, the inicription, the

MDnot, awl moat of IIm ipiitlM of poaU writtnc in their own penooa,

Uloog to thia da^" <' PrsfM*' to Wotdaworth^a ' Poem*.') In Or«ek
tlw boonlie pooma of Thaoeritaa are oallad idyUa ; ami all bucolic

poetry [Bicoucs] may be included under till* lunie; though the

tta did not, any more than ouraelrea, confine the name to bucolic

f, aa may be leeo by referring to the ' IdylU ' of Auaonius. In

poetry, the ' Seaaona ' of Thomaon, t<henitane's ' School-

miiirai,' the ' Cotter'i Saturday Night' of Uiima, the ' Allegro ' and
'Paonrcao' of Milton, Beattie'* 'Miiwtrel,' Uuldsmith'e ' Deaerted

Vilhm*,' Ac belong to thia claai ; Mr. Tenuyaon in hi* ' Idylla of the

King,' haa ap|ilied the term Idrll in a atill more extended aenae.

lOASrRKJ ACID. [Nix Vomica, Alkaloim or.]

lOASL'RINK. FNtTS YoaiCA, AUatoids «/.]

IGNIS KATITUS, a meteor reaembling a flame, said to Boat in the

atmc^ibere at a few feet abore the aurfaee of the ground. It ia Rtate<I

to ba generally ubaerred by night, either atationary or in motion, over

manhea or burial grounds ; but in the ' Philoaophical Ttimitactiong.'

for 1694, there is an aooount of acme ricks of iiay being bunit at

Doigelly, in the preceding year, by a vapour like a weak blue flame

which came from the aea. Derham (' PhiL Trans.' ] 7'29) relates that

be obaerred about a decayed thistle a flame in motion, which receded
from him aa he advaaoed towards it ; and Beccaria statea that he saw
one which seemed fixed to a spot about two feet above some stones

Dear a river : thia philoaopher obeenres that such meteors are most
tuually witnessed during a fall of rain or Know ; be adds that they
often appear on clayey soils, and that they have been seen to give out
sparks. Trebra (' Deutacher Merkur,' Uct. 1 78S) mentions tliat he saw
at Zellerfeld a meteor which at first approached him and afterwards

needed from him to a distance of 600 paces ; he adds that it then
disappeared, and at the end ul half an hour it again became visible.

Ocoaaionally such meteom have lieen observed ttt follow or advance
towards a spectator ; but in general they appear to recede on being
approached, and it has happened that from their resemblance to the
flame of a distant lamp, they have led the unwary traveller into dan-

gerous swamfM. Little confidence can be placed in the descriptions

given of them, as few persons have been able to examine them with
due attention ; and commonly they have been obeerved under the
influence of an ill-regulated imagination rather than a philosophical

spirit

A plausible hypothesis which has been proposed in order to account
for tliis phenomenon is that a phosphuretted or a corburetted hydro-
gen gas, produced by the decomposition of animal or vegetable sub-
stances, rises from the ground or from stagnant water, either small in

quantity and occupying a single spot, or in great abimdance and then
Iwonniing a train or a horizontal column of vapour of variable dimcn-
itons : such gas may take fire by electricity or spontaneously, at a A|wt

whcr* the atmosphere is particularly free from moisture ; and the
flame communicating itaelf successively to other parts of a liue or
oolumn, the latter licing in a state of undulation from the agitations of

the atmosphere, will give rise to the appearand of a motion from place

to place. The brightness of the meteor will change with the varying
quantity or purity of the gas ; and ita temporarjr disappearance may
be eauard by the ijiiantity Wing in some places too small to render the
flame visible. Phosphuretted hydrogen would inflame spontaneously
on eoming into contact with atmospheric air, but no hydrocarbon, it

must be objected, is spontaneously inflammable. There is a great
dearth of satisfactory observations on moving lights seen in nature,
and the entire subject is at present in obscurity. Electrical excitation,

true pbosphoreaeence, spontaneous inflammation, combustion otherwise
oonasioDed, may all produce such lights, but whether such causes are
really so operative, ami whether their eflects have been described as
i^rt fiitni. remains to be proved.

lONITlON; INfANUKSCKNCK. These terms refer to that
Dmperty of bodies, by which they give out light, when raised to certain
nigh temperatures, the quantity of light increasing with the temiwra-
twe within certain limits. At first it is of a dingy red, or mrmrfd as

it is sometimes calird ; then bright red, indicating what is called a
eAerry-rrd heat ; at a higher temperature we have an orange or yellow
tint, and lastly a tcAi'le heat, when the light Is painful to the eye. Sir
Humphry Davy's experiments placed the degree of incipient lumi-
nosity in the dark at about 810", but a dull rwl visible in d.iylight is

probably e(|ual to 1000*, a full red heat 1200*, on ornngo heat 1700°,
a white best 8000°, and the high white heat of a good wind furnace
(according to Daniell) about S»00*. These remarks apply to bodies
which can be raised to these high temperatures without changing their
•lata. Moat Ixidiea are dissipated or destroyed before they attaSn the
tanpermture neoesssry for ignition, and if heated in the air they inflame
and undergo combuiition.

I'LKUS, or ILIAC I'ASSIOW, is a name given to a severe form of
iot«stinal disease, characterised by violent griping pain around the
the umbilicus, spasm and retraction of the mtiicles of the abdomen,
ot*<'—to eo^JTSoeas, and vomiting. These symiitoma are however
**l*ii llMW to MTeral raiy diffcrrnt conditions of the bowels; they occur
fa severe oMes of coUc [CoLicJ from spasm, or as some suppoee,
fwalyas of a portion of the intssUnal canal, but more oooiinonly they
re the leeuH o< (obm mechanical ohetrnction of the oanal, as by lotiis-

suseepUoB, intomal hernia, unnatural adbaaions between adjaosnt folds

of inteMiae, Au. [Heksu.] The treatment must therefore vary aooord-

ing as one or other of thaee conditions is presumed to exist In the

fint daai of eases the remadiea adapted fur colic, combined with

aotiTo purgatives, should ba employed, while in those attended with

meobanioal obstruction, in which there is alwaya great tendency to

inflammation of the intestines, bleeding should be had recourse to,

together with purgativsa combined with opium, stimulant enemato, and
anodynes.

ILICIN, a neutral crystalline Tcgetable principle, obtained by pre-

cipitatmg a decoction of holly-Ieavea {Ilex ai/ui/olium) by di-acetato of

load, evaporating the filtered liquor, and treating the residue with
boiling absolute aiouhol; by spontaneous evaporation there ore pro-

duced transparent brownish-yellow crystals, which ara bitter, sad
readily aoluble in water, but not in ether. The solution is not pre-

cipitated by metallic oxides. This substance has been recommended
as a ftowerful remedy in dropsy and intarmittents.

ILLEGAL CONTllACT. [AOBKEMKHTJ POBUC PouoT.]
ILLUMINATING. [Paljcoorapht.]
ILMENIC ACID. [Ilmiwiuk.]

ILMENIUM (11). A mineral first called Urano-lantaUte has long

been known in the neighbourhood of the Ilmen Mountains , in 8il>eria
;

but from the fact that it contains no tantalic acid, M. Koso bos

altered its name to SamankiU, it being principally found at Samarski
X. Hermann, however, gives to this mineral the name YUro-UmaiUe,
asserting that it contains the oxide of a new metal analogous to tanta-

lum, and to which he has given the name Ilmtnium.

Hmetue ^ riVJ ( 110,), the binozide of ilmenium, is the form, according

to Hermann, in which the new metal exists in yttro-iluienite. M. Rose,

however, insists that the so-called ilmeuic acid is only niobic acid, with

a small quantity of timgstic acid, and that a mixture of these latter

acids exhibits all the re-octions assigned by M. Hermann to ilmenic acid.

The existence of ilmenium, therefore, as A separate and distinct

metal, is not at present satisfactorily established.

IMABEN ZILE (C„H„NO,). An amnioniacal derivative of beniile.

[Benzoic Gboup, Bmzile.\

IMAGES, ELECTRIC, OPTICAL, THERMOGRAPHIC, ftc

[BHEATn-FiGi-RKs ; ELECTRICAL Imaoes; Leks ; LlOHT.]

IMAGINARY. [Negative and Impossible Quantities.]

IMAGINATION denotes in it« widest sense that faculty of the mind
by which it produces at will thoughts cr ideas as materials for every

other mode of the mental activity. It is often employed in a narrow
acceptation as synonymous with fancy, which properly is only a par-

ticular species of imagination combined with judgment Still narrower

is the domain of this faculty according to the definition of Dr. Reid,

who confines it to a lively conception of the objects of sight, and
makes the imagination to difler from conception only as a part from the

whole. And similarly Addison teaches that " the pleasures of imagi-

nation are such aa arise from visible objects, since it is the sense of

sight that furnishes the imagination with its ideas." In its widest

signification however imagination is coextensive with invention, fur-

nishing the writer with whatever is most happy and appropriate in

language, or vivid and forcible in thought. In the same manner it

is the imagination that suggests to the scientific inquirer those bold

conjectures of analogy or difl'erence which lay open the secrets of

nature and multiply its usefulness to man. Indeed, to adopt the

lauguage of Dugald Stewart, " All the objects of human knowledge

supply materials for her forming hand ; diversifying infinitely the

work she produces, while the mode of her operation remains essentially

uniform."

It is in this illimitable activity that imagination difl'ers from con-

ception, which also is a reproductive faculty, but apjiarintly a mere
passive potentiality to bring forth certain given and |>articular ideas

;

while the former, when once awakened by the proKentation of a single

thought, produces out of its storehouse of ideas all the manifold varia-

tions of similar ami dissimilar. In this procedure, while it is bovmd
indeed by the general laws of association, it is yet free to choose the

principle of its combinations. Acconlingly every age and every sex,

every form of government and of religion, is said to have its special

sueceesion ; and what is called a knowledge of men consists in nothing

else than a knowledge of the train in which their ideas respective^

succeed to each other.

A diaordered imagination exhibits itself under various forms or

characters ; as the fantastic, the fanatic, and the enthusiastic.

On the particular character of the imagination depends much of the

happinesa or misery of the individual. Acting upon human hopes

and fears, it assumes the name of sensibility, and by the bright or

somhre im-iges with which it fills the distant prospect of life it aflords

a double relish to every enjoyment or gives a keener edge to sorrow

and misforttme.

IMA«ARATIC ACID. [IsDiao.]
IMASATIN. [Indigo.]

IMliKCILITY. [I.VHANITT.]

1MK8ATIN. [iNDKio]
IMIl)K.S. [On(iA.MC Bases.]
IMITATIONS, in Miuric. [Kdoite.]

IMMATERIALI3M. [Matirialibu ; Bebkeley, in Bioo. DiT.]

IMMORTALITY. [Matebiausm.]
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IMPACT. [Collision, Impact, or Peboussiow of Bodies.]

IMPEACHMENT. [Pakll».me.nt.]

IMPENETRABILITY, a name given to the property of matter, the

existence of which is suggested when we see that any attempt to place

one solid body in the part of space occupied by another is either

resisted by the latter, or its success preceded by the removal of the

latter. It is then but another name for the cause of that resistance,

which we know by the sense of touch, and which is necessary to every

idea which we form of matter.

The impenetrability of matter can only betaken in conjunction with

the hypothesis of its porosity. Otherwise, it might be successfully

disputed. Salt may be dissolved in water without increasing the bulk

of the fluid ; the (impenetrable ?) matter is then penetrated ; or else

the matter of the fluid has interstices. But if any attempt be made to

press the fluid into a smaller space, the impenetrabiUty of the water

will appear by its resistance to the pressing substance.

Are we not then making a purely gratuitous introduction of words

to supply explanations of phenomena ? When matter resists, we have

recourse to impenetrability, which is merely saying, so soon as we find

resistance, that matter has a power of resisting. But when we ascertain

that different portions of matter can be made to fill the same space,

whether by solution, pressure, or otherwise, we then appeal to a

porosity which we cannot make visible, and presume that matter has

empty spaces in which other matter may be placed. This is very

much like nature's horror of a vacuum, and other explanations of the

same kind.

The answer to this difficulty, and others of a similar kind which
occur in attempting to define simple mechanical terms, is that the

beginner must not receive them as explanations or as doctrines, but

simply as statements of observed phenomena, or at best as terms which
imply that explanation is wanted, and serve, till further explanation,

to enable us to recal the phenomena themselves and the universality

of their existence. Subsequent study and experiment most ascertain

the character of this impenetrability, that is to say, the laws of the

resistance from which it derives its name. The term is useful to

remind us th,it there is a something which shows itself in all matter

;

but neither its etymology nor any common notions attached to it must
be allowed to dictate any conclusion as to the nature, mode of action,

or consoquenoes of that something.

A closer in<|uiry into the action of matter upon matter shows us that

the fundamental notion upon which the above-mentioned something
received the name of impenetrability is incorrect. That notion

evidently was, that when, for instonce, one ball is rolled towards

another, the rolling boll absolutely touches the stationary one before it

causes motion. There are many circumstances from which it can be
inferred, with the highest degree.of probability, that sitch contact is only

apparent, and not real. It must be concluded that when the two balls

come within a certain small distance of one another, repulsive forces,

of the cause and mode of action of which we know nothing, begin to

be excited between those particles of the balls which are nearly in

contact. It is not our intention in this article to go further into the

preceding subject than the mere mention of what are called motteular

attractions and repulsions, and this merely to point out that the action

of .matter upon matter must be admitted to commence before the

instant at which their sarfacas come into contact. [Attractiok;
IxKnxiA.]

IMPERATOR. [Empebor.]
IMPEHATORIN, PeMfdanln,(C„U,,0,), a neutral orystalline vege-

table product, procured from the root of the Imperntoria Oitruthium ;

it u obtained by exhausting the nxit with ether, distilling the greater

part of it, and submitting the remainder to spontaneous evaporation,

by which the imperatorin is obtained crystallised in prisms, which are

colourless, transparent, inodorous, septic, and acrid ; they do not alter

vegetable colours; they melt when heated to 167°, and concrete into

a radiated mass, the density of which is 1*192. At a high temperature
imperatorin is decomposed, diffusing an acrid ra]K>ur. It is insoluble

in water, but soluble in alcohol, ether, olive oil, and oil of turpentine

;

when dissolved in a solution of potash, it is precipitated from it by
acids, unchanged. Sulphuric acid dissolves imperatorin, and assumes
a brownish red colour ; in nitric acid it dissolves with a yellow tint

:

these solutions are both decomposed by water. Iodine forms with it

a brownish red compound, which yields iodine when heated.
IMPERMEABILITV, that property by which certain substances

leaiM the passage through their mass of other substances : such, for

example, as glass, the pores of which are so small that under no
pressure hitherto applied have fluids been driven throogh them

;

whereas gold is permeable by water, as in the celebrated experiment of

the Florentine Academicians. Some substances are impermeable in

consequence of their repulsions to other bodies, such as oilskin or
waterproof cloth, which is impermeable to water, in consequence of

the repulsion existing between oil and water.

IMPETl'UU is a t<^rm which has been employed by writers in many
independent signiflcationi*, and for various diseases, but is now confined
to a disease of the skin, which Dr. Willan has defined to be " an
eruption of yellow itehing pustules, appearing in clusters and tormina-
ting in a yellow, thin, scaly crust." It is commonly known in this

country as the humid or runing tettor, and occurs on all parts of the
body, though most frequently on the extremities.

A variety of it is not unfrequently met with in grocers and those

much engaged in handling sugar, and to this the term grocer's itch has
been applied ; but it differs from the itch, properly so called, in its

non-ccmtagiousness. [Skim, Diseases of.]

IMPETUS. [Momentum.]
IMPONDERABLE, a term applied to heat, light, and electricity,

regarded as JluitU ; but as in modem science they are regarded rather

as forces, the term has gone out of uae.

IMPORTS AND EXPORTS. [Trade and Shipping.]
IMPOSSIBLE. [Neoative and Impossible Quantities.]
IMPOST (Impoata, Italian), the horizontiil mo\ildings which serve as

a sort of cap or cornice to the piers of arches, and on which the archi-

Tolts, or curved mouldings and facia; surrounding the arches them-
selves, rest. Like these latter the impost is made plainer or richer

according to the order employed, or to the general character of the
design. And when the archivolts nf the arches are omitted, either thn

impost is omitted likewise, or a plain band is substituted for it. This
is generally done in the rusticated basements beneath an order, the

joints of the rustics sufficing for decoration, .and giving the requisite

architectural expression. Imposts, properly so called, are seldom found
in pointed Gothic, except in the First Pointed style ; but the point of

junction between the curve of an arch and its support, however treated,

is called the impost. Except in the <a*e above alluded to, the impost
is essentkl in Roman and Greco-Uomau architecture. We have, how-
ever, a few recent instances in which imposts have been omitted, and
the archivolt of the arch continued vertically down the edges of the

piers. This was a favourite practice with Soane, both in his designs

and many of his executed buildings ; and it has been followed by other

architects, but the effect ia by no means happy.
IMPRESSMENT. [Seamen.]
IMPRISONMENT, FALSE. [False Imprisonment.]
IMPROPRIATIONS. [Benefice ; TmiES.]
IMPROVEMENTS, PUBLIC. [Public Improvements.]
IMPROVVISATORI are extempore versifiers who can, without

preparation, pronounce a certain quantity of verses upoij any given
suliject. This practice ia of frequent occurrence in Italy, and the

facilities which the structure of the Italian language affords to versi-

fication and rhyme are of great assistance towards it. The improvvisa-

tore delivers his verse, generally accompanied by a guitar, and with a
sort of chaunting cadence ; and he spins .out hundreds, nay at times

thousands of lines, with apparent ease : whole dramas have indeed been
thus delivered. It must not be imagined however that this kind of

extempore poetry is of the best kind ; in reality very few of those com-
positions can stand the test of publication. Still they have the merit
of the flow of language and the quick adaptation of accessory ideas and
images to the main subject, which rivet the attention and excite the
surprise of the listener.

Some improvvisatori have been men of real information and poetical

genius, and their compositions are consequently superior. An Augustine
friar of the name of Brother Philip, blind and living in the time of

Sixtus v., is mentioned as liaving done wonders in this way. Gianni,

of Genoa, a man of considerable poetical talent, was made improvvisa-

tore to the court of the Emperor Napoleon I., with a handsome salary;

and Sgricoi of Florence became known throughout Europe by giving
specimens of his art in the various capitals. Several la<lies have dis-

tinguished themselves in the same art : they are styled improwisatrici.

IMPULSE. When a bo<ly rolls down a gently-inclined plane we
can see the gradual alterations of its velocity, and can rea<lily admit
that between the instanti) at which the body has two different velo-

cities it takes in succession all intermediate velocities, or that the
change of velocity is perfectly gradual. But when a body is violently

struck, as in the case of a bat and a ball, we can see no gradations of

velocity, but the ball appears to be at once altered from a state of rest

into one of rapid motion, without having passed, through any of the

intermediate states. In this ca^e it is said to have received an impulte,

which word must be interpreted to mean any cause by virtue of wliich

velocity is communicated suddenly and without gradations.

Though the term impulse may be of convenient application to cases

of motion in which velocities are changed very rapidly, it must be
remembered that the idea of absolutely instantaneous change of velo-

city is in no degree less absurd than that of a point which is in two
different positions at the same instant of time. Impulse, then, must
be considered as pressure which, beginning from nothing, increases so

rapidly with the time as to produce large effects in a small fraction of

a second. Some account of the manner in which impulses act is given

in the article Pressure.
It is to be remembered that there is nothing absurd in the idea of

any change in the state of a body, provided that a time, no matter

how small, be allowed for it to take place in. A cannon-ball now at

rest may, in the millionth part of a second, be imagined to have

acquired a velocity such as it has when it issues from the mouth of the

gim, provided only tliat a pressure be imagined sufficient to protluco

the eiiect. It is only the production of velocity in no time at all which

tniist not be admitted ; though it must be owned that the excessive

smallness of the times in which some pressures produce a great effect

makes us familiar with the notion of impulse, which further inquiry

shows us to be a mechanical impossibility as long as the present laws

of nature last.
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ISCASUKSCENCE. The luminoxu glow of ft aolid or liquid body

iattnaelT ignited. [loxniON.]

IKCENl)IAKY. [Absojc; Law, CRniXAL.]
INCEST. During the Protectorate inoert and adultety ware made

capital offeooea, but at the Keetoration thia law waa not renewed.

Inoeat in England ia now punishable only by the eocleaiaatical court*,

according to the canon law, which det«rmine!i what kind of sexual

oooneotion ia incest. It may be committed cither by married persona

or persona unmarried. Adultery may be incest, and fornication may
also be incest; the legal notion of incest being founded upon the

degree of oonaanguinity or affinity between the parties.

The term ia deriTed from the Roman Inoeetum, which ia the same

•a Nco Castum, " not pure," and in its most general sense signifies

any oBeDoa against positive morality, or religion. Persons within

fltrtiiB degrees of consanguinity could not contract a marriage ; if they

did, or lived together as man and wife, such a connection was called

incestuous (Inosstae Kuptiae). The affecting to marry was not bow-

ferer necessary to constitute Incestum. It existed whenever there was

sexual connection between a man and woman who were incapable of

oontracting marriage. If the parties were capable of contracting mar-

riage, the connection would be Stuprum, which in its limited sense,

oorreaponds tu fornication.

The Romans do not appear to have had any direct legislation on this

subject till the Imperial period, and the rules of law that were in force

were founded upon positive morality and usage. The Lex Julia which

was enaeted in the time of Augustus treated of incest only indirectly,

uid so br as it concerned the object of that law, which was the

punishment of adultery. In some cases the punishment was capital

(Diun. Cassius, Iviii. c. 22 ; Tacitus, ' Annal.,' vi. 19.)

The subject of the Roman Incestum is treated copiously by Rein,
' Criminalrecht der Romer,' and with a reference to the numerous
authorities.

INCH OF CANDLE. [AncnoM.]
INCIDENCE, ANGLE OK, a term used in catoptrics, radiant heat,

Ac, to express the angle between the direction in which a line strikes

on a plane, and the perpendicular to that plane.

INCINEKATION. An operation in organic chemistry, which has

for its object the separation of inorganic from fixed organic matters.

It consists in heating the organic substance to redness in a current

of air (in a mufiBe for instance) until all the organic matter is

consumed, the non-volatile inorganic matters are then left behind as

an aah.

INCLINATION. [Maqsetisii.]

INCLINATION. The inclination of two lines is a phrase commonly
used for the angle which they make with one another. Thus, two lines

which make a very small angle are said to be at a very small inclination

to each other. Looking at the etymology of the word, and its use in

common Unguage, it would seem proper to say that one line is w ithout

inclination to another when the two are perpendicular, and that the

smaller the angle the greater the inclination. But custom has settled

otherwise, and has, in fact, made the word inclination synonymous
with angle ; while the term angle of incidence holds the place which,
according to etymology, belongs to angle of inclination.

INCLINED PLANE. Among the mechanical powers, as they are

termed, meaning the contrivances by which pressure is advantageously
applied, the indiued plane has held a place in practice in every country
in which the arts have made any progress. But the introduction of

this contrivance into the theory of mechanics dates from the time
of Stetis, to whose life in the Bioo. Dtv. we refer for an account
of the very remarkable addition which he made to the first principles

of statics by means of the inclined plane.

If a weight be placed upon a horizontal plane on which there is no
friction, it is obvious that the weight will be entirely stippurted, and
that any horiiontal pressure, however small, will cause motion. If the
same plane be made vertical instead of horicontal, the weight cannot
be plsieed itpoH it, for if the heavy body were made to touch the plane
and then left to itaelf , it would fall down the plane exactly in the same
manner as it would fall if there were no plane ; that is, supposing
there to be no friction.

If the plane be made to assume an oblique or inclined position, the
effect produced will l>e intermediate Iwtwcen those of the preceding
esses. The weight will not rest, nor will it acouire velocity as rapidly
as when it falls freely. The reaction of the plane will oounterbalanoe
a portion of the weight, as follows :—Let A B rqiresent a section of the

parallel to a b. Thm [CoKFOBmoH] the pressure a v is equivalent to

the two pressures o w and w v, of which the former is destroyed by

the raaistance of the plane, and Uie latter only acU to propel the heavy

body down the plane. Now TwistovoasBcistoAB; that ia, a

weight placed upon an inclined plane is propelled doM-n the plane by

such a Wtion of the whole pressure of the weight as the height of

any section of the plane is of its length.

If then it were required to draw the heavy body o up the plane, any

pressure exceeding TW would be sufficient for the purpose; and a

pressure equal to T w, applied in the direction A B, would keep the

wei^t at rest.

If a body which is placed at B on an inclined plane be allowed to

fall to o, the velocity which it will then have,

and the time of describing B o, are determined as

follows :—Let b k be vertical, o M horizontal, and

o K perpendicular to B o. Then the velocity at o

is that which would be acquired by a body falling

freely from B to x ; and the time of describing BO q,

would be that in which a body falls freely from B
to K. From hence follows immediately the remark-

able proposition that if any number of chords be

drawn from the highest point of a vertical circle,

and if these chords be the sections of as many in-

clined planes, the times of idling down any two of

these chords are the same.

The preceding results are obtained by applying the

method explained in the article Fall of Bodies. Using the notation in

that article, and supposing 9 to be the angle by which the plane is

inclined to the horizon, the accelerating force which urges the weight

downwards is ^ sin 9. Consequently we have the following equations :

—

v=g sin 0. (. (=ijr sin 0. C 1^=2^ sin 0. «.

Here i is the length B o : and s sinO is B u.

The preceding results suppose friction not to exist : now let there

be a friction, the proportion of which to the pressure is the fraction k.

Then w representing the weight, the propelling pressure v w is w sin 0.

But the pressure on the plane, or aw, is w cos0; consequently k

w cos is the amount of presssure down the plane which friction will

resist If then it w cos be greater than w sin 0, that is, if l be

greater than tan 0, the weight will not move ; if i be equal to tan 0,

the weight will be just poised, and any pressure, however small, will

cause motion ; if /t be less than tan 0, the weight will move downwards

with an accelerating force g (sin 0i- k cos 0).

There are many remarkable properties connected with the motion or

equilibrium of bodies on inclined planes ; but the preceding are tboae

which are most fundamental and most frequently required.

INCLOSURE. The term inclosure is applied to the inclosing and
partitioning of lands in England and Wales, which are comprehended

under the general name of Commons or Common Lands. A knowledge

of the present condition of the lands comprehended under this term

enables us to form a better estimate of the state of agriculture in

England and its capabilities of improvement. We thus learn also

what was the general condition of the lands in England before inclo-

Bures were made.
It is necessary to define the terms Commons, and Commonable and

Intermixed Lands. Commons or Common Lands are lands in a state

of nature or waste, of which individuals have not the severalty. Com-
monable Lands are those lands which during a part of the year are in

severalty, that is, occupied severally by individuals as their own, to

the exclusion for the time of other people.

There is great variety in these commonable lands ; but they may
be divided into three cUases, exclusive of woodlands : First, there is

open arable and meadow land which is held and occupied by indi-

viiUials severally until the crop has been got in. After the crop has

been removed, that is, during the autumn and winter, it l>ecomes

commonable t« persons who have severalty rights in it, and they turn

on to it their cattle without any limit, or without stint, as it is termed.

Thus there is a divided use in these open lands : individuals have the

exclusive right to the enjoyment of one or more of these strips of

open land for a part of the year ; and during another part of the year

all these individuals enjoy Uiis open laud in common. Second, there

is open arable and meadow Und that is held in severalty during one

port of the year, like tlie first class ; but after the crop is removed, it

u commonable not only to parties who have severalty rights, but to

other classes of individuals : these lands are generally called Lammas

plana, and o a section of the weight. Let a v represent the magnitude
and dirsotion of tbe weight, and draw a w and w v perpcndictUar and

These commonable rights may belong to a particular class, as a body

of freemen , or to all landholders. There is great variety in these two
classes aa to the severalty holdings also. " There are many cases in

which tbe severalty holding varies year by year. There are in these

open lands what ia called a pane of land, in which there may be 40 or

60 ditterent lota. It is reported to be a remnant of an old military

custom, when on a certain day the best man of the parish ap|>eared to

take possession of any lot that he thought fit ; if his right was called

in question, he had to fight for it, and the survivor took the first lot,

and so they went on through the parish. It often happens that in

these shifting severoltien the occupier of lot one this year goes ro\md

the whole of the several lots in rotation ; tbe owner of lot one this
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year has lot two the next, and 80 on. When these lands are arable

lands, they do not change annually, but periodically, according to the

rotation of the crops. Then there is the old lot meadow, in which the
owners draw lots for the choice. There are a great variety of circum-

stances under which the severalty ownership of these lands shifts from
time to time—but after the severalty ownership has ceased, and after

the crop has been removed, they all become commonable."
This is one among many instances of the existence of ancient usages

in England, which are the some or nearly the same as the usages of

nations that we call barbarous. Tacitus (' Germania,' c. 26) says of the
ancient German mode of agriculture :

" The lands, in proportion to

the number of cultivators, are occupied by all in turns, which pre-

sently they divide among themselves according to their rank (merit).

The extensive plains offer facilities for division. They change the
cultivated fields yearly ; and there is still a superfluity of land." The
meaning of Tacitus is not clear. The following passage in Csesar's

account of the Gauls (vi. 22) is more distinct :
" They pay no atten-

tion to agriculture, nor lias any man a fixed quantity of land and
boundaries of property : but the magistrates annually assign to the
clans and tribes who have come together, as much land as they please

and where they please, and in the next year they compel them to move
to another spot." Herodotus (ii. 168) says that each member of the
military caste in Egj'pt had a certain portion of land assigned to him

;

but they enjoyed the lands in a rotation, and the same persons did not
continue in the enjoyment of the same lands. Strabo (p. 315) men-
tions a custom amongst the Dalmatians of making a division of their

lands every eight years.
" The third class is that of grazing lands, where the rights of parties

are settled and defined, the ordinary stinted pasture. The common-
able lands are subject to very great variety and i)eculiarity ; for in-

stance, in some of these lands the right of grazing sheep at all belongs
to a man called a flock-master, and he has the power, during certain

months of the year, of turning his own sheep exclusively on all the
lands of the parish ; or, according to particular circumstances, his right

is limited and restricted to turning sheep upon a certain portion of it,

with a view to giving parties an opportunity of putting in a wheat crop.

In those parishes where there is a flock-master who has a right of
depasturing Us sheep during a certain portion of the year over all the

land of the parish, it is clear that no one can sow any wheat without
having made a bargain with him for shutting up his own particular

fields, or some portion of them."
" There is a very large extent of woodland in this kingdom that is

commonable, strange to say, where certain individuals have a right

during the whole year, to turn on stock, the owner of the wood
having no means of preserving his property except by shutting out
other commoners' stock by custom for some two or three years after

felling. There is that ri^t, as also the old right of estover, which is a
very great inconvenience, namely, where parties have the right of cut-

ting house-bote, and plough-bote, and fire-bote, and so on in woods
belonging, ijud wood, to another patty. There is a great deal of land
subject to that ruinous custom. There are many varieties of these
commonable lands, but these are the most prominent and remarkable
of them."
Under such a system as this, it is obvious that these common fields

must be ill cultivated. The intermixed lands cannot be treated
according to the improved rules of good husbandry. It ia stated that
the simple re-diatribution of intermixed lands, now held in parcels so

inconvenient in form and size as to be incapable of good husbandry,
would in many instances raise the fee-simple value of the lands from
15«. or 17<. an acre to 30s.

It was the opinion of witnesses examined before the parliamentary
committee of 1844, on Commons' Inclosure, that judicious inclosure
would make a large portion of common lands much more productive.
Open arable lands are so intermixed that effectual drainage is nearly
impossible. One witness said :

" I have bad occasion to go over two small
properties, about 150 acres each ; one I found in aOl different pieces,

and another in a little more than a hundred. I mention this to show
how the lands are frequently intermixed ; they are therefore farmed at
much greater expense; and it is impossible to drain them on the
present improved mode of drainage, inasmuch as other parties are
occupying the furrow by which the water should pass off." In the
Midland counties, where there are these open arable fields, the course
is two crops and a fallow, and every third year the flocks run over the
whole field. The same witness considered that a fourth of all the
aral^le land was totally unproductive. In cases where common
arable fields have been subdivided and allotted, " the great improve-
ment is, that in the first place every man has his allotment, and he
deals with it as he pleases ; he drains it, and crops it upon a proper
ooane of cropping ; he puts it in seed and keeps sheep upon it ; he
grows turnips and clover, or whatever he thinks proper." The same
witness was of opinion that the average improvement in the value of
common fields which had been inclosed was not less than 25 per cent.
Indeed, the evidence that was produced before the committee esta-

blished to a degree beyond what otherwise would be credible, the
immense inconvenience and loss which arise from the system of inter-

mixed lands, and their being also subject to commonage.
As to Common Rights, that is, rights of pasture and so forth on

commons or waste lands, they are described generally under Common,
ABTS XSL SCL DIV. VOL. IT.

Rights of. As to the common pasture lands, they also require an
improved management. It ia stated that commons are generally over-

stocked, partly in consequence of persons turning out more stock than

they have a right to do, and partly by persons putting their stock on th*

common who have no right. In consequence of commons being over-

stocked, they are profitable to nobody ; and a rule for regulating the

quantity of stock would therefore be beneficial to all persons who are

entitled to this right of common. Violent disputes also frequently

arise in consequence of the rights of parties to commonage not being

well defined. It is the opinion of competent judges that very great

advantage would result from stinting those parts of commons that are

not worth inclosure ; and that " it would be in many instances highly

desirable to inclose portions of a common for the purpose of cultivation,

and to allot such portions of it, whilst it would be impolitic to do
more than stint other portions of it." A stint may be defined to be
" the right of pasturage for one animal, or for a certain number of

animals, according to age, size, and capability of eating." The com-
mons in fact are not now stinted by the levant and couohant right,

a right which cannot be brought into practical operation ; and besides

this there are many commons in gross. [Common, Rights of.]

In 1836 an act (6 & 7 Wm. IV. c. 115) was passed for facilitating

the inclosure of open and arable fields in England and Wales. The
preamble to the act is as follows :

—" Whereas there are in many
parishes, townships, and places in England and Wales, divers open and
common arable, meadow, and pasture lands and fields, and the lands of

the several proprietors of the same are frequently very much intermixed

and dispersed, and it would tend to the improved cultivation and occu-

pation of all the aforesaid lands, Ac, and be otherwise advantageous

to the proprietors thereof, and persons interested therein, if they were

enabled by a general law to divide and inclose the same," &c. Inclosures

have been made under the provisions of this act, but the powers which
it gives are limited, for the " act applies solely to lands held in severalty

during some proportion of the year, with this exception, that slips and
balks intervening between the cultivated lands may be inclosed." The
lands which' cannot be inclosed under the provisions of this act are
" the uncultivated lands, the lands in a state of nature, intervening

between these cultivated lands, beyond those that are fairly to be con-

sidered as slips and balks." However, it was stated in evidence before

the committee of the House of Commons in 1844, that a large extent

of common and waste land had been illegally inclosed under the pro-

visions of the act, and the persons who hold such lands have no legal

title, and can only obtain one by lapse of time. The chief motive to

this dealing with commons appears to have been, that they thus got

the inclosure done cheaper than by applying to Parliament for a
private act.

In 1844 a select committee of the House of Commons was appointed

"to inquire into the expediency of facilitating the inclosure and
improvement of commons and lands held in common, the exchange of

lands and the division of intermixed lands, and into the best means of

providing for the same, and to report their opinion to the House." The
committee made their report in favour of a general inclosure act,

after receiving a large amotmt of evidence from persons who were well

acquainted with the subject. The extracts that have been given in

this article are from the printed evidence that was taken before the

select committee.
In pursuance of the recommendation of the committee, an Act of

ParUament was passed in l645 (8 ft 9 Vict. c. 118), the object of which
is thus stated in the preamble :

" Whereas it is expedient to facilitate

the inclosure and improvement of commons and other lands now
subject to the rights of property which obstruct cultivation and the

productive employment of labour, and to facilitate such exchanges

of lands, and such divisions of lands intermixed or divided into incon-

venient parcels, as may be beneficial to the respective owners ; and it

is also expedient to provide remedies for the defective or incomplete

execution and for the non-execution of powers created by general and

local acts of inclosure, and to authorise the renewal of such powers in

certain cases," &c.

It is not within the scope of this article to attempt to give any
account of the provisions contained in the 160 sections of this act

;

but a few provisions will be noticed that are important in an economical

and poUtical point of view.

The 11th section contains a comprehensive description of lands

which may be inclosed under the act, in which the New Forest and the

Forest of Dean were excepted, but even with these portions have been

since inclosed, and the new plantations are fenced for a certain time.

The 14th section provides that no lands situated within fifteen miles of

the city of London, or witiiin certain distances of other towns, which

distances vary according to the population, shall be subject to be in-

closed under the provisions of this act without the previous authority

of parliament in each particular case. The ISth section provides

against inclosing town greens or village greens, and contains other

regulations as to them. The 30th section provides that an allotment

for the purposes of exercise and recreation for the inhabitants of a

neighbourhood may be required by the commissioners under the act, as

one of the terms and conditions of an inclosure of such lands as are

mentioned in § 30.

The 108th section makes regulations as to " the allotment which

upon any inclosure under this act shall be made for the labouring

, 8 b
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poor," and (wet 109) " the aUotmont wardeiu (»imoint«d by Mct 108)

hall from time to time let the allotments under their mana^ment in

ardaae not ezoeeding a quarter of an acre each, to such poor in-

Sabiianl* of the pariah for one year,or from year to year, at such rente

payable at audi times and on such terms and oooditiona not inoonaistent

with the proTiaiona of this act, as they shsll think fit." Section 112

prorides for the application of the rents of allotments; the residue of

which, if any, after the paymenta mentioned in this section have been

defrayed, is to be paid to the overseen of the poor in aid of the poor-

rates of the parish.

Sections (147, H8) provide for the exchanges of lands not subject lu

be included under this act, or subject to be inuloeed, as to which no
proceedings for an indosure shall be pending, and Yor the division of

mtermixal landa under the same circumstances.

Under section 152 commissioners are empowered to remedy defects

and omissions in awards under any local act of inclosure, or under the

<t & 7 Will. IV. c lis ; and under section 157, the commissioners may
confirm awards or agreements made under the supposed authority of

ft 7 Will. IV. o. 115, if the lands which have been illegally inclosed

or apportioneil or allotted, shall be within the definition of lands sub-

ject to be inclosed imder this act. In accordance with this act two
commissioners, with a seoretsty, were appointed, under whose manage-
ment its provisioos have been extensively carried into operation. The
oommisaionets make yearly reports to parliament of uie proceedings

which have taken place, and one or more acts are passed every year
confirming the indosures submitted by the commissioners for approvaL
In their 18th annual report, presented in 185S, the commissioners
state that the number of applications of all kinds for incloeures since

the paMing of the acts had been 2351, and that the whole acreage of

indosures confirmed prior to this report was 226,010 acres, while the
cresge of indosures in progress amounted to 262,418 acres.

The provisions of this act seem to be well adapted to remedy the
evils that were stated in the evidence before the select committee ; and
there can be no doubt that agriculture has been greatly improved,
the productiveness of the land increased, and employment given to
labour by this judicious and important act of legislation.

INCOMMENSURABLE, INCOMMENSURABLES, THEORY
OF. The application of arithmetic to any science of concrete magni-
tude supposes a certain magnitude to be taJcen as unity, and all oUier
magnitudes to be expressed by the number of times or parts of times
which they contain this unit. Such an apgilication, therefore, made in
the usual manner, requires the assumptiuu of thia proposition, that all

magnitudes are either fractions or multiples, or compounded of frac-

tions and multiples, of any magnitude that may be named. This
proposition is not true ; for instance, we shall presently prove that if

the side of a square be oUled 1, no number or fraction whatsoever will

exactly represent the diagonal But we shall also prove that it may be
made as nearly true as we please : for instance, that we may find a line

as nearly equal to the diagonal as we please, which shall be a definite
arithmetical fraction of the side. Quantities which are so related that
when one is capable of being represented in terms of a certain unit the
other is not, are called incommentunUiUi. The reason is as follows

:

any two whole numbers or fractions of the same unit must have a
common measure ; thus, all whole numbers have the common meostu^

1 ; and any two fractions, ^ and ^ (a, b, p, and q being whole numbers),

1 '
have the common measure _, which is contained exactly aq times in

65

the first, and C>p times in the second. Conversdy, any two magnitudes
which have a common measure can be arithmetically represented by
the same unit : for if a and B have the common measure M, and if this
measure be contained 7 times in A and 10 times in B, then it is evident
that bv taking M as the unit, a is represented by 7 and B by 10. If,

then, there be two magnitudes which cannot be represented by means
of the same unit, they cannot have any common measure whatsoever,
and are therefore incommnisitniMe. It also follows from the preceding,
that any two commensurable magnitudes must be to one another in
the proportion of some one whole number to some other whole
number.
To prove that there are such things as incommensurable magnitudes,

we shall take the 117th (and last) proposition of the tenth book of
Euclid, which demonstrates that the diagonal and the side of a square
are incommensurable. Let D be the d^igonal and s the side, and if

thtj be i>ot inoonmumsurable let a and x be ^e whole numbers to
which they are proportional ; that is, let M be a common measure, and
let D and s severally contain x, a and x times. Then the square on D
will oootain the square on M oa times; and the square on s will contain
tha square on M xz times. But the square on D u double of the square
on a ; therefore aa is twice rj;. Now, let a and z have no whole
common measure except unity, which may be supposed, for if they
have a common measure, we may divide both by it, which will give
two whde numbers in the same proiKirtion, and so on until no common
meanire is left Then, because a times a is double of .1; times x, a
timai a is an even number ; whence a is an even number, for if a were
odd, a times a would be odd. Therefore, x is not an even number,
for if it were, a and x would have the common measure 2 ; whence x
is an odd number. Let £ be tha half of a, which is a whole number,

inoe a is even ; whence a = 2i:, and aa = Wc, which is also 2xx, and

thenoe it follows that xx=2it. Therefore, xx is sn even number, and

X also ; for if x were odd, xx would be odd : whence x is even. But

it was just now proved to be odd ; so that the ssme number is both

odd and even, which is absurd. This contradiction follows whenever

we suppose 8 and d to be in the proportion of an^ two whole numbers;

consequently, 8 and D are not in the proportion of any two whole

ntunbers, and therefore are incommensurable, for if they were com-

mensurable they would be in the proportion of some two whole

numbers.
We have next to prove that any two magnitudes whatsoever, being

incommensurable, may be made commensurable by aa small an alteration

B
|
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aa we please in either. Let a and b be two incommensurable magni-

tudes, and let K be a third magnitude of the same kind, which may be

as sniall as you please, provided only that it be given and known.
[iHDEnMrrE.] Now, some aliquot part of a must be less than K ; if

not the hundredth, try the thousandUi ; if not the thousandth, try the

millionth, and so on. Whatever E may be, it is possible to divide A
into equal parts, each of which shall be less than K. Let u be such an

aliquot part of a, and having divided A into its ports, set off parts

equal to H along B. Then a and B being incommensurable, B will not
contain M, the measure of a, an exact number of times, but n-ill lie

between two multiples of x, say B o and B L. From this it is obvious

that B does not differ from either B o or B L by so much as a l, and
therefore not by so much as K. But B o and B L are both commen-
surable with A, since all three are multiples of X. Here, then, are B o
and B L, the first a little leas than B, and the second a little greater,

neither differing from B by so much as K, but both commensurable
with A. Thus it is also evident that two whole numbers may be found

which shall be as nearly as we please in the same ratio as two given

incommenstirable quantities.

The difficulty thus inherent in the application of arithmetic to

concrete magnitude is not met witH in practice, because no case can

arise in which it is necessary to retain a magnitude so closely that no
alteration, however small, can be pentutted. But in exact reasoning,

where any error, however small, is to be avoided, it is obvious that the

arithmetic of commensu rable magnitudes, and the arithmetic (if there

be such a thing) of inco mmensurablo magnitudes, must not be con-

founded. The difficult f was overcome by Euclid, in the manner
pointed out in the arti jln Proportion, so completely and effectually

that nothing has been a Ided to his solution of it except unsuccessful

attempts to evade it 1 hose who avoid the fifth book of Euclid gene-

rally substitute either the tacit assumption that all magnitudes are

commensurable, whiph is not true, or some play upon words, which a
person who feels the rig our of Euclid places on the same shelf with
nature's horror of a vac lum and other explanations of the same kind.

We could even point out a celebrated work on geometry which
expressly rests on being able to make its errors too small to be per-

ceived by the senses, and asks for no other reception of propositions

which involve incommensurables.

The doctrine of incommensurable quantities was carried by Euclid

to an extent which would excite as much admiration as any portion of

his writings, if the tenth book were generally known and read as

the production of a iierson unassisted by aJgebra. [Irrational
QCAirriTiEB.]

INCOMPATIBLES, in Materia Medica, applied to those artidea

which are considered improper to be united in the same prescription.

Strictly speaking, the term applies only to intrwlucing into the same
formula articles which exert a chemicrd action on each other, and so

produce a result or compound of a useless or hurtful kind. Two or

more articles may be introduced into a prescription, which by their

combination neutralise the properties of each other. The resulting

compound may b« |>erfectly insoluble in the juices of the stomach, so

as to be inert or hurtful by its insolubiUty. But this result is often

sought on purpose to neutralise acrid or corrosive substances ; such as

when chalk or lime from a wall is given to a person who has swallowed

oxalic acid. [Antidotes.] But entire loss of power does not invariably

result from combining substances which chemists deem incompatible

;

thus chalk .ind opium form a more powerful astringent than either

singly given ; and opium and acetate of lead in warm water form a

fomentation of much use in erysipelas. But that utterly inert com-

pounds often resulted from bringing together numerous ingredients is

certain, as seen in the Polypharmacy of the ancients, of which the

famous Mithridate is on instance. Even this has been surpassed in

modem times, some prescriptions of Huxham containing above four

hundred ingredients. On the opposite hand, excessive simplicity is

perhaps too much aimed at in the present day. Dr. Paris' ' Phanna-
cologia ' may be advantageously referred to ; and Translation of the

London Pharmacoposia,' by Richard Philips.

INCONCINNOUS INTERVALS, in Music, are sounds which agree
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with no scale, therefore are disagreeable to the ear, and never used in

any kind of composition.

INCREMENT and DECREMENT. When two quantities are con-

sidered together, one of which i« greater or less than the second, the

latter is said to be the former with an increment or decrement. In

the older English writings the calculus of differences is called the

method of increments. This phraseology refers to the supposition of

magnitudes being generated by continued increase or decrease as in

the method of fluxions, so that two different magnitudes are spoken of

as the same thing in different states, and of course at different times.

Some difficulty to the beginner may be occasionally avoided by liis

stopping to interpret " let x become a; + A " as follows :
" let us, having

considered the value of a function of .r, proceed to consider the

alteration which will arise if .r + /t be written instead of .c."

INCUBATION, ARTIFICIAL. [Poultry.]
INCUMBENT. [Benefice.]
INDEFINITE means " not given or defined in magnitude." Thus,

a definite straight line is that of which the extremities are known ; an
indefinite straight line (in length) is one of which the direction is

given, and which may be supposed to have any length, or which can be
lengthened if necessary, without contravening any of the conditions of

the problem. Thus, Euclid, in the first book, constructs an equilateral

triangle upon a definite straight line, and shows how to draw two lines

making with one another the same angle as that made by two given
indefinite straight lines.

There is, however, a reprehensible use of the word indefinite, which
is found in many mathematical works ; namely, the employment of it

to avoid the odium which attaches to the word infinite. Thus we hear
of making a magnitude indefinitely great, of an indefinitely small arc

being equal to its chord, of the circle being a polygon of an indefinitely

great number of sides. In all these cases it would be better, with a
proper definition, to use the word Infinite at once.

A want of proper distinction between definite and indefinite some-
times leads to confusion. For instance, it is said that if a straight line

be halved, if its half be then halved, and if fresh portions be continually

taken, each of which is the half of the preceding, the result will at last

become less than " any line which can be named." This is not true if

the line which is to be named be indefinite ; that is, if we may at any
part of the process make it as small as we please ; for it is obvious that
whatever a line may be, a smaller line can be named. But it is true of

a definite line, made definite, or given in length, at the beginning of

the process : name any line, however small, but such as you name let

it remain ; then, by continually halving any other line, however great,

you must at last arrive at s line which is less than the length you
named. The phraseology of a line " less than any line which can be
named " has often caused a difficulty by not specifying the time at

which it is to be named. The language used by Euclid himself is as

follows (book z., prop. 1), and is free &om the ambiguity in question :

" Two unequal magnitudes being given, if from the greater be taken
away its half, and from what is left its half, and if this be done con-

tinually, a magnitude will at last be found which is less than the lesser

of the two given magnitudes."

INDELIBROME. [Ixdigo.]

INDENTURE. [Deed.]
INDEPENDENTS, or CONGREGATIONALISTS, the name of a

sect, class, or denomination of English Protestant Dissenters, one of

the three who \mited form the Three Denominations, the other two
being the Presbyterians and the Baptists.

When the principle of resistance to the power which maintained at

least an outward and specious 4miformity of Christian practice and
opinion had received encouragement and was successful, it was not to

be expected that nations who recognised that principle would agree

among themselves respecting what should be done in their new con-
dition of religious freedom. In England the politicians of the time soon
succeeded in establishing a national church with pastors and bishops,

and the church has been maintained in that form and order from tiie

time of the Reformation, with the slight exception of the period of the
Commonwealth. But there were many people in England who ob-

jected to several things which made a part of the constitution of that

church ; and as their objections consisted very much in the desire of

what they considered a greater degree of purity in its forms, they were
called in derision Puritans and Precisians, in which allusion was also

included to the greater strictness with which they obser^'ed their

religjous duties, auid their supposed peculiar preciseness in respect at

onoe to an exactness of conformity to scripture precedent and to the
obligations of a severe morality.

T^bese persons were not all of one mind within themselves. Many
uniting with these distinguishing characteristics the principle that,

there being no scriptural authority for the Episcopal order, the govern-
ment of the church or the superintendence of its ministers ought to be
vested not in an individual, but in synods and presbyteries; these
formed the Presbyterians. There were others who would have no
union or government of the church, who regarded each congregation of
faithful men as being in itself a church, and when properly constituted
with deacons and a pastor forming a body which was independent of
every other, and competent to its own direction and government with-
out any interference from presbyteries, bishops, or from the state
itself ; this is the pure principle of English Independency.

Robert Bro\vn, a clergyman of the reign of Elizabeth, is generally
reputed to be the first person in England who publicly avowed this
opinion, and acted upon it by the establishment of various such separate
churches, which however had no enduring existence. There is some
question whether he retained his opinions to the last : but it is certain
that after he had given no small trouble to the authorities in the
church, he was presented to the living of Achurch in Northampton-
shire. He closed a long and very troxibled life in the jail at Northamp-
ton, or very soon after he had left it, in 1630. [Brown, Robert, in
Bioo. Div.J

Other persons, and some of them of celebrity in the history of the
Puritans, adopted the opinion, but were restrained from acting upon it

by the laws then in force for maintaining the Church of England as
then established. But when Episcopacy was abolished and Monarchy
had been overcome, there was a Lirge party of the-se Independents
which suddenly presented itself, who had a great share in the struggle
then being maSe, and who were the means of preventing the
establishment of a Presbyterian church in England, which it was the
object of by far the larger portion of the Puritan body taking part in
the contest to form. Cromwell belonged to the Independents. Dr.
John Owen, dean of Christ Church, who was also for a time vice-

chancellor of the University of . Oxford, is considered as the chief
ornament of this denomination at the time (the Commonwealth) when
it first became considerable. [Owen, Dr. John, in Bioo. Div.]
What the issue might have been of the struggle between the prin-

ciple of Independency and the principle of Presbyteriauism cannot now
be told, the king being soon restored, and with hira the Episcopal
church. In 1662 the Act of Uniformity was passed, the object of
it being to exclude from the ministerial office in the Church of
England divines of either of those opinions. The act required a
direct acknowledgment of the principle of Episcopacy. The effect of
it was, that about 1900 ministera retired from the places they held in
the church. Some make them 2000. These are the ministera whom
Dissenters mcin when they speak of " the illustrious two thousand,"
'" the ejected ministers," or " the Bartholomew worthies." During the
reign of Charles II. every effort was made to jirevent these persons
continuing to exercise their ministry. But it was all in vain. They, or
at least the greater part of them, persisted in preaching, notwithstanding
the certain penalties of imprisonment and fine. However, the Revolu-
tion of 1688 freed them from these penalties ; one of the first acts of
the new government being to grant toleration to them, that is, to allow
them to open meeting-houses, or chapels, and to conduct the services

tmder the protection of the law.

The Independents were inconsiderable 'at that time as compared
with the Presbyterians. Both however (and the Baptists also) built
chapels for themselves and formed themselves into congregations,
called the Presbyterian congregations and the Independent congrega-
tions; and each denomination had its own board or fund.
The ' Act of Toleration ' was passed in 1689, and for the seventy

years succeeding that date the Independent denomination dwindled (as

mdeeddid the whole body of Dissenters), and it was in a very low con-
dition when the state of things arose which we liave now to describe.

About the middle of the 18th century there was an extraordinary
revival of religious zeal under the influence created especially by the
Wesleys and Whitefield. The Dissenters, like the Church, had adopted
pretty generally the principle that to inculcate the moral duties, to
present the jiatemal government of Ood as a source of consolation and of
hope, to hold out the prospect of future accountableness and of eternal
life, to show the evidence on which we receive Jesus Christ as the minis-
ter and messenger of his heavenly Father, were the principal subjects
on which it was the duty of Christian ministers to insist. This it was
easy to represent as an abandonment of the distinctive truths, as they
are sometimes regarded, of Christianity ; and many jxirsons, under the
preaching above alluded to, were disposed so to regard it, and to seek
a ministry by whom these distinctive truths would be made more
prominent. Most of these persons joined themselves to the Wesleyaji
Methodists, or to the Whitefieldian Methodists (since better known as

the Countess of Huntingdon's Connexion) ; but there were many who
declined to unite themselves with any of these bodies, and formed
themselves into separate churches upon the Independent principle.

These new societies incorporating with tliemselves the small remains
of the old Independents of England,—who, in some instauces had,
throughout the period by some called the jwriod of Religious In-

difference, adhered to the original opinions of the Puritan body at

large, which were Calvinistic, and had continued to make those opinions

prominent in the public services,—or joining themselves to such
decayed and decaying churches, gradually increased in numbers and
influence, and constitute at the present day the kirge body of Dis-

senters called Independents or Congregationalists.

From the accession of George I., in 1714, when the London dissent-

ing ministers of the three denominations (Presbyterian, Independent,

and Baptist) presented an address to the king [Williams, Daniel,
D.D., in Bioo. Div.], the three bodies have been accustomed to act

together, by their appointed deputies, in reference to great public

questions. Most of the old Presbyterian denomination in England
having in the course of time adopted Unitarian sentiments, their repre-

sentatives at length withdrew from the board. The distinctive

api>ellation of " The Three Denominations " is however still kept up, the
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jhtr ct Uw ratiring PrMbytoriana being occupied by repraaentatiTea

of tboM Pntbyteriaiu in RngJMiH who hold tlis Tiews of the Preeby-

tarian churcliaa of Scotland.

The Congragationaliau have numeroua chapela in LoD<lon and in

arioua parte of theoountrjr. They hare alio aeveral institutions for

the edneation of their ministera. They atiU maintain the principle of

Independency ; are in general strongly oppoeed to a national establish-

ment, whether Episcopal or Preabyterian ; and in doctrine var^, from
the hi|^ CalTiniam of the SaToy Confession, which exhibits the

doctrines held by the Independents of the time of the Commonwealth,
to the most moderate form of orthodoxy.

Tlie number of Independent ministera is about the ^ same as the

number of fhsp<>ls The following is a list of the colleges and acade-

mies which are exclusively confined to the education of ministers for

the Ooagragatioaalist denomination. Some of them have valuable

•adowments ; othera depend upon annual subscriptions for their

mpoort:

—

Western college, Plymouth, founded about 1762 ; number of stu-

dents, 21.

Rotherham ooUege, Masborouf^, Yorkshire, founded in 17S6 ; num-
ber of students, 17.

Brecon college, fotmded in 1760 ; number of students, 25.

Cheshunt college, founded in 1768 ; number of students, 25.

Airedale college, near Bradford, Yorkshire, founded in 1784; number
of students, 20.

Hadmey seminary, Middlesex, founded in 1786; number of stu-

daits,13.
Lancashire college, founded in 1806 ; number of students, 20.

Spring Hill college, Moretey, Birmingham ; foimded in 1838 ; number
of students, 21.

New ooUege, St. John's-wood, London, founded in 1850, by the

union of the Coward, Homerton, and Highbury colleges ; number of

todents, 55.

Connected with the Independent body there are also the Board of

Congregational Ministers of London and the vicinity; the Congre-

gations! Board of Education, which maintains at Homerton a Normal
school for the training of day school teachers ; the Congregational

Library in Bloomfield Street, London; and other institutions of an
educstional character. The Congregational Union of England and
Wales, and the Congregational Union of Scotland, are voluntary asso-

dattona of ministers and members of the Independent churches, which
hold assemblies or conferences yearly, or half yearly, as circumstances

may require, for mutual consultation ; but not claiming any ecclesi-

astical authority over their members or churches. The managers and
miiiriimwrirf of the London Missionary Society chiefly belong to the

Indopendent denomination.

There are also a Theological Hall of Congregational Churches at

Edinburgh, founded in 1811 ; with 13 students; and a Presbyterian

ooUege at Caermarthen, founded in 1719 ; with 23 students.

The foregoing statistics are taken from the ' Congregational Year
Book,' for 1860 ; which also states that there are 1600 churches of

this connexion in England, 636 in Wales, 147 in Scotland and the

Channel Islands, and 208 in the colonies. The ministera and missiou-

ries throughout the British empire are estimated at 2734. In the

United States there are said to be 2369 Congregationalist chureheit/

and 2408 ministers.

INDETERMINATE, a word which is mostly applied in mathe-
matics, not to the character of a magnitude, but of a problem. A
question is said to be indeterminate when it admits of an infinite

number of solutions : if the number of solutions, few or many, be
finite, the problem is sometimes, but rarely, called indeterminate. The
word indeterminate is also applied to the co-efficients of an aasiuned

form of expansion, and the investigation by which they are then found
is called the " method of indeterminate co-efflcients." But when thus
used the word means nothing more than unknown, and the co-

efleients are unknown or undetermined quantities. In the French
mathematioal writings, the word intUltrmini should sometimes be
tnaslated by indeterminate, sometimes by arbitrary, and sometimes
bjr undetermined or unknown.
INDE.X OP REFRACTION. [Light ; Refbactio!!.]
INDKX KXI'UNKNT. [Bikohial Theoreh ; Poweb.]
INDIA, ARCHITECTURE OF. The architecture of India does

not oxteod- back to a venr remote period. Not only are there no
•rshitaetnral remains of the aboriginal races of Hindustan, but none
are known to exist which can be assigned to the Aryan occupants. The
•arliast known buildings are of Buddhist origin, and are now con-
•iderad by the best authorities to belong to the 8rd oeotury B.C. When
Bnddhism wss replaced by Brshmanism as the dominant form of
ntigioo, architecture underwent a oonsidsrable change; and it was
pin greatly modified by the Mohammedan invasion : but the original

Buddhistia type or chancter was never wholly lost. Minor varieties

•Dd local modifications might easily be pointed out, but it will suffice

for a broad view of the architecture of India to regard it as Buddhistic,
Brahmanio, and Mohammedan.

In looking at the architecture of India most inqoiren have been
struck with its obvious affinity to that of ^ypt; ud perhaps a oom-
porioon of some of the reeembUnces and dintinctions existing between
Egyptian and Indixm architecture, will facilitate our explanation of the

Utter. In the artide on Egyptian Architecture we referred rather to
points of difference and contrast between that style and the Qreeian,
than to anything of positive similitude, they being separated from each
other b9[an exceedingly wide interval as to all that regards feeling end
taste. The Egyptian and Indian styles, on the contrary, seem to come
in contaot with each other, agreeing most in those points wherein they
most difiisr from Grecian and from modem taste. If there existed no
other resembUnce between the architcctiuv of the two regions, there
would be a decidedly strong one in their hypogna, or subterraneous
cavem-structures hewn out of solid rock, works therefore more pro-

perly of exstruction than of construction, and to which, no doubt,
ought to be ascribed the chief peculiarities of the styles originating in

them, namely, extraordinary massivenees of bulk and proportionx

coupled with no lees aingiuar capriciousness of form. Where the
forms are produced by cutting away instead of putting together and
building up, they may be shaped quite arbitrarily, moulded according
to fancy alone, because they still belong to one naturally coherent

mass : whereas were the same forms worked out of separate pieces of

material, not only would they frequently be at variance with security

and stability, but they would occasion an enormous waste both of

material and labour ; the difference between the process of exstruction

and that of construction being, that in the former the solids are only
left after the operation of taking away, while in the latter they are

produced by what is built up. This, in our opinion, goes br towards
accounting for the various capricious, not to say unmeaning shapes we
meet with in many of the columns of the cavern temples of Indu; and
these- again, account for the similar taste which was manifested in later

works of construction, a taste so remote from our own that the two
can hardly be said to have any sympathies in common.
But in looking at even these rock-caves in detail, we find marked

distinctions as well as broad resemblances. Thus while the shafts of

the supporting columns have in the Egyptian examples no pedestals,

and scarcely anything amounting to a distinct base,—and however
much the column itself may be ornamented, the capital is plainly

distinguishable from the other parts,—in the Indian cave-temples the

columns often appear composed of fragments capriciously put together,

it being nearly impossible to determine where their pedestkls terminate

and their shafts commence, or how much of these latter belong to the

capitals. Another circumstance to l>e noticed, as in this instance con-

stituting a striking point of difference from the practice of the

Egyptians, is, that the columns are placed so far apart, and so

straggUngly, as to resemble only occasional props, instead of a con-

tinued colonnade. In this respect however there appears to have been
no fixed system, for in other examples the columns are placed so

close together that parts of their capitals almost touch. Again the
Indian cave-temples present a marked difference from those of the
Egyptians in making in many of them an approximation to a regular

vaulted ceiling, while the Eg^-ptian edifices are all covered with flat

horizontal ceilings. On the other hand, the affinity between the

architectural taste of the two people is strongly marked by the preva-

lent use we observe, in the edifices of both, of colossal statues placed

against piers or walls, sometimes quite attached to or sculptured on
them ; and which may therefore be considered quite as much to

constitute part of the general embellishment, as to be specific objects

of worship. In both too we find frequent use of Caryatid figures, or

such as serve as columns ; and either entire figures or the upper parts

of them, both hiuuan and animal, enter abundantly into the com-
position of Indian columns and capitals : in this latter respect, how-
ever, as in some others, the architecture of India has more resemblance

to that of Assyria than even to that of Egypt A strong simiUuity also

observable in the general dinxwition of the sacred buildings of the

Indians and Egyptiana is, that the former, like the Litter, have
generally an open or unroofed court before them (sometimes formed
by clearing away the rock itself), leading to a vestibule, nave, and
sanctuary, progressively diminishing in size. Neither is it uncommon
in the excavated temples to meet with a series of small chambers along

their sides, increasing their otherwise strong similarity of plan to those

of Egypt. The profusion of inscriptions and symbolic sculptures on
the walls affords also another characteristic iwint of resemblance.

Again in looking at constructive works, or edifices erected above
ground, we can hardly avoid being struck by the prevalence of pyra-

midal masses and forms, as exhibited v\ psgodas, or towers, however
great may be the difference in all except the general forms. One
broad distinction however is, that, however highly enriched many
Egyptian buildings may be, the mode of decoration employed in them
is not of a kind to interrupt the simplicity of the outline, it being

almost entirely $uperficial, that is, merely enriching surfaces, as a

pattern wrought upon them would do ; whereas the Hindus aeem
frequently to have affected the extreme both of massiveness and
lightness in the same design, attaching very slender and merely orna-

mental pilkrs to enormous piers, which are the real supports.

Buddhitt ArdiiUclure.—Of constructed Buddhist temples proper there

are unfortunately no examples left. Topes or relique-houses, some of

them of Urge size, are indeed frequent : but the only true Buddhist
temples remaining in IndU are those excavated out of the solid rock.

These subterraneous edifices, combining often, like our own mediieval

catbedraU and monastic establishments, a temple with an establish-

ment for the attendant ecclesiastics, occur in surprising numbers, and.
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considering their age and tlie fact of their having belonged to a per-

secuted faith, they are in a remarkable state of preservation. They
occur, not only singly, but in groups of from ten to a hundred distinct

excavations, and there are in all perhaps not less than fifty of these

groups in various parts of India : nine-tenths of those now known being

found, according to Mr. Ferguason, within the limits of the Bombay
presidency. The oldest are considered to be those of Behar and
Cuttack ; among the most remarkable are those on the Island of

Elephanta near Bombay, at Kennareh, in that of Salsette; those at

EUora near Dowletabad ; at Perwatam on the Kistna ; those near the

pass of Ajanti, and those at Carli, about 30 miles north-west of Poonah.

Many of these excavations are of great extent, being composed of a

series of apartments and recesses cut out of the rock. Merely as

monuments of human labour and perseverance the works of this class

would be astonishing, but it is their stupendousneas combined with

magnificence, barbaric and frequently monstrous, that imparts to them
a character almost sublime. As if to imitate nature in her most
minute aa well as her grandest productions, while colossal statues and
sculptures display themselves within these cavern-temples and on their

walls, elaborate emljellishments of detail are frequently given to the

columns, which, as we have said, appear composed of fragments capri-

ciously put together ; what is sometimes described as a pedestal

supporting the column, might with as much propriety be termed its

lower portion, although square or polygonal, while the rest of the shaft

is circular.

The rock-temple of Carli, one of thojargest and most complete, and
one of the oldest of these excavations, wUl serve to give a notion of

their general form and character : we borrow our account of it from

Mr. Fergusson, who has personally examined and described it, and
indeed idl the rock-temples of India ; and whose exact as well as exten-

sive knowledge of European as well as Asiatic architecture, renders his

descriptions of especial value. In plan it is much like an early Christian

church or basilica, " consisting of a nave and side aisles, and terminating

in an apse round which the' aisle is carried. The general dimensions of

the interior are 126 feet, from the entrance to the back wall, by
45 feet 7 inches in width, from wall to wall. The side aisles, however,

are very much narrower than in Christian churches, the central one
' being 25 feet 7 inches, so that the others are only 10 feet wide, inclu-

ding the thickness of the pillars. As a scale for comparison, it may be

mentioned that its arrangements and dimensions are very similar to

those of the choir of Norwich cathedral, or of the Abbey-aux-Hommes
at Caen, omitting the outer aisles in the latter buildings. The thick-

neas of the piers at Norwich and Caen nearly corresponds with the

breadth of the aisles in the Indian temple. In height, however, Carli

is very inferior, being only 42 or perhaps 45 feet from the floor to the

apex, as nearly as can be ascertaine<l.
" Fifteen pillars on each side separate the nave from the aisles ; each

of these has a tall base, an octagonal shaft, and richly ornamented
capital, on which kneel two elephuitii, each bearing two figures, gene-

rally a man and a woman, but sometimes two females, all very much
better executed than such ornaments usually are. The seven pillars

behind the altar are plain octagonal piers, without either base or

capital, and the four under the entrance gallery differ considerably

from those at the sides. These sculptures on the capitals supply the

place usually occupied by frieze and coraice iu Grecian architecture

;

and in other examples plain painted surfaces occupy the same space.

Above this springs the roof, semicircular in general section but some-
what stilted at the sides, so as to make its height gi'eater than the

semi-diameter. It is ornamented even at this day by a aeries of

wooden ribs, probably coeval with the excavation, which prove beyond
the shadow of a doubt that the roof is not a copy of a masonry arch,

but of some sort of timber construction which we cannot now very
well understand." i

The shrine of the deity, a plain cupola on a circular drum, stands
" immediately under the semi-dome of the apse, and nearly where the

altar stands in Christian churches." At the opposite end under a

gallery is the entrance, consisting of a central door, and one on each

side leading into the aisles. Above the gallery the hall is entirely

open, the opening looking like a great window with a horse-shoe arch

;

and through this window the whole of the light enters. A porch out-

side is seven feet wider than the body of the temple. It is closed in

front by two thick octagonal pillars which support a plain mass of

rock, but which Mr. Fergusson thinks w^as formerly ornamented by a
wooden gallery, and surmounted by a dwarf colonnade or attic, and
crowned with a cornice or some other ornament. In front of the porch

stands the Ut or lion-pillar (which appears always to have stood in

front of the sacred buildings), which bears four seated lions, instead of

the usual solitary animaL Of the effect of the exterior it is now diffi-

cult to form .an adequate conception, but, says Mr. Fergusson, " the
proportions of such parts as remain are so good, and the effect of the
whole so pleasing, that there can be little hesitation in ascribing to

such a design a tolerably high rank among architectural compositions.

Of the interior we can judge perfectly, and it certainly is as solemn
and grand aa any interior can well be, .ind the mode of lighting the

most perfect—one undivided volume of light coming through a single

opening overhead at a very favourable angle, and falling directly on
the altar or principal object in the building, leaving the rest in com-
parative obscurity. The effect is considerably heightened by the

closely set and thick columns that divide the three aisles from one
another, as they suffice to prevent the boundary walls from ever being
seen, and, as there are no openings in the walls, the view between the

pillars u practically imlimited."

The better known rock temple of Elephanta, or Goripura (the

Mountain city), as it is called by the natives, is of later date and larger

dimensions. It is magnificently situated, being excavated about half

way up the side of a mountain, and in the midst of scenery of more
thiui ordinary grandeur. The entrance, which is hewn out of a stone

resembling porphyry, is by n spacious front, which is supported by

Kuiraucc to the Temple at £lepliaut«.

two maanve pillars (one of which has fallen), and two pilasters, forming
three openings, under a thick and steep rock overhung by brushwood
and wild shrubs. " The whole excavation consists of three principal
parts : the great temple itself, which is in the centre, and two smaller
chapels, one on each side of the ^eat temple. These two chapels do
not come forward into a straight line with the front of the chief temple,
are not perceived on approaching the temple, and are considerably in
recess, being approached by two narrow passes in the hill, one on each
side of the grand entrance, l)ut at some distance from it. After ad-
vancing to some distance up these confined passes, we find each of

them conductTtoTanother front of the grand excavation, exactly like

the principal front which is first seen; all the three fronts being

hollowed out of the solid rock, and each consisting of two huge pillars

with two pilasters. The two side fronts are precisely opposite to each

other on the east and west, the grand entrance facing the north. The
two wings of the temple are at the upper end of these passages, and
are close by the grand excavation, but have no covered pasuige to

connect them with it." (Erskine.)

" From the northern entrance to the extremity of this cave is about

130 feet, and from the east to the west side 133 feet. Twenty-six
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pQkn, of wttiek 8 an brok«D, cod 16 pUaaten, support the roof.

frdlhw Uw floor nor the roof ii in the Mine pUne, •odoomequenUy
th* height Tariee, being in eome pirta 174 '*'^> i" othera 15 feet

Two rom of piUan run penile] to one another from the northern

iatranee, and at tight angle* to it, to the extremity of the care ; and
the ptlaitera, one of which we hare deaoribed aa standing on each aide

of the two front pillars, are followed by other pilasteri anid pillar* also,

fonaingion each side of the two rnwii nlready de.4cri)>cNl. :inothcr n^n-

runniiw parallel to them tap to the aouthem extremity of the cave.

The piHam on the east and west front, which have been dsMribed aa like

those on the north aide, are also continued aorum the temple from east

to wast, lliua the range* of pillars form a number of parallel line*

intetseoting one another at right angle*, the pillar* of the central parts

being considered aa common to the two aets of inteneoting line*. The
piUara vary both in thoir size and deoorations, though the difference ia

nit sufficient to strike the eye at first. Eaoh oolomn standK upon a

square pedestal and is fluted, but instead of being cylindrical is

nadually enlarged towards the middle. The capitals exhibit that
bulbous form which is one of the most distinctive characteristics
of Indian architecture. Above the tops of the columns a kind
of ridge has been cut to reeemble a beam about 12 inches square,
and this is richly carved. Along the aides of the temple are out
between 40 and 60 colossal figures, varying in height from 12 to IS
faet ; nooe of them are entirely detached from the wall. Some of
these figures have on their heads a kind of helmet ; oUiers wear crowns
with rich devioss ; and othera, again, are without any other covering
than curled or flowing hair. Some of them have four and others six

hands, holding sceptres, shields, qrmbols of justice, ensigns of religion,

weapona of war, and trophiaa of peace. On the south side, facing the
main entrance, is sn enormous Dust with three faces ; of whic£ the
central faoe measures S feet in length ; the width from the ear to the
middle of the nose is 8 feet 4 inches ; the breadth of the whole 6gure
is near 20 feet To the left of this bust, amid a group of imcouth
figures, is one (a female figure with four arms) to which Niebuhr has
given the name of Amaaon, from the fact of its being without the
right breast. At the west side of the temple is a recess, 20 feet square,
having in the centre an altar, upon which are placed symbols of the
worriun ooo* practised here. The entrance to this receas is guarded
by ei^t naked figures, each ISi feet high, sculptured in a manner
whidt shows that the people by whom they were executed must have
nade oaosiderable progress in the statuary's art The cave is not at
present used ss a temple, nor has it any establishment of priests con-
nected with it, although it is frequently visited by devotees for the
pinpoae of offering pnyen and oblations.

llM roof of the temple at Elephant* is flat; in othera it is
koOowed oat so ss to rssemble more or less a ngolar vaulting. Of
this last-mentioned Und is the temple of Kennar£, or Canarah, in
Salsetto, which is exactly on the same plan as that at Carli, and the
principal object or idol is alike in both, oonsisting, as Moor describes
It, " of a vast hemisphere of stone resting on a round pedestal of
greater diameter having its oonvexitv surrounded by a sort of canopy
or ambraUa of neouliar oonstniction. The ground-plan of an arched
temple of Boddha at EUora ia exactlv simiUr, but thsre is here a figure
of Boddha liiroself in front of the nUndrieal pedestal and characteristic
umbrella ornament just mentioned. The temple at Salsette Mr. Fer-
gusBOQ U inclined to reckon among the latest of the Buddhist edifices
of this olsss, regarding it aa a oopy of the temple at Carli, and aa Ute
ia daU aa the »th or 10th oentury of the Christian eia.
The Boddhist rock-cut monssteries are much lass rich in doUil than

11m tentplsa. They consist of a central hall, around which are nume-
roos plain oells for the priesU of various grades. There were plaoes for
private devotion

; the public worship and more imposing ceremonies
wwm performed in the temples. The oldest of these caves occur at
Behar, in the Bengal preaidenoy, but they are quite unomampntod.
At Cuttaek is one known ss the Tiger Csve, from the exterior being
carved into the form of a tiger's haad, the entrance bdng through the

animal's open mouth. Another in the same neighbourhood is dis-

tinguished by being two stories in height, and having a verandah

carved along the whole extent of its front Dr. Impey has published a

fxill account of a series of Buddhistic caves at Koolvee, in Central India,

which are " cut literally round the circumference " of a hill, and are in

all about fifty in number. Among them are six dagobas (or relic-

chambers), connected with each of which is a ihala, or hall of assembly,

and a larger cell for a superior priest Two only of the caves are

supported by pillars, and these are each 32 feet by 24 feet " One of

these caves is subordinate to a dagoba, which stands in a court-yard in

front of it, flanked by an erect colossal figure of Budh, in the attitude

of expounding ; and the other to a seated image of Budh, which is in a

cell opposite the porch flanked on either side by diminutive dagobas in

relief." The figures are of rude execution, and much defaced and
weatherworn. The inferior cells ore all nmall in size and quite simple

in plan.

"The walls of the larger chambers of some of these rock-monasteries

are profusely decorated with paintings of religious and historical sub-

jects, executed in fresco or distemper, portraits of Buddha and Budd-
hist saints covering the pillars, and the roob being at the same time

painted with scrolls and other architectural designs. In many places

these paintings have been destroyed by the effects of damp, or by the

hand of man, out at the Ajunta and elsewhere they " remain nearly com-

plete, and as fresh as the day they wen painted. A competent artist,

Capt. Uill, of the Compimy'a Service, has been employed for some
years in copying these." Their publication would doubtiess, as Mr.

Fergusson remarks, throw light not only on the " manners and customs

of India more than a thousand years ago, but illustrate also to a
considerable extent the form and ordinance of the buildings they

adorn." Dr. Impey (' Journal of the Royal Asiatic Society,' Bombay
Branch. July, 18S6,) deacribes a series of historical and mythological

paintings on the famous caves of Bdgh in Rath, on the Nerbudda,

which still extend above 220 feet in length. The paintings are in a

double row, one set above the other, the figures bein^ about the natural

height The designs are very varied, and display no little skill. " The
surface extent of the work thus elaborately depicted must have been

at least 8000 feet" They appear to be not later in date than the 6th

century, A.D.

The other Buddhist religious edifices have been all classed under the

general term Tope*. They consist of detached pillars and towers, and

of buildings, usiudly circular in form but always surmoimted with a

dome. The pillars are the oldest All that remain in India proper are

monoliths, but there appears to be little doubt that built pillars did

formerly exist ; and Mr. Fergusson, who adduces two such pillars as

still standing among the topes of Cabid, thinks that their destruction

is " sufficiently accounted for by the eaae with which they could be

thrown down and their materials removed, when they had lost the

sanctity by which alone they had been protected." Of these monoliths,

or 14ts, the oldest known were erected- by Asoka about 250 B.C., and

bote inscribed on them the Buddhist creed. Three of them are still
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standing near the river in Tirhut, and are each surmounted by a seated

lion. One which has been removed and set up on a pedestal at

Allahabad, ia 47 feet high, and the shaft is 3 feet in diameter at the

base, diminishing to 2 feet 2 inches at the summit. It is noteworthy
that " the necking immediately below the capital represents, with con-

siderable purity, the honeysuckle ornament of the Assyrians."

(Fergusaon). They were most probably always erected in front of

temples and sanctuaries, where some are still found.

The topes properly so called are spacious circular domical buildings,

erected as reliquaries of Buddha or some of the more eminent
Buddhist saints. They occur in groups near the Indus and the Ganges,
at Behar and Tirhut, around Bhilsa in Central India, and in Afighan-
istan. These topes will be found fullydescribedinthe valuable works of

Mr. Fergusson, and in the elaborate treatise of Major Alexander
Cunningham, ' The Bhilsa Topes ; or Buddhist Monuments of India,'

8vo. 1854. The oldest of these topes are little more than tumuli ; later

the hemispherical cupola was supported on a cylindrical basement ; and
eventually they assumed the ch-iracter of a tower surmounted with a
cupola. In size they vary from a few feet up to 150 or 200 feet in

diameter. The great Sanchi Tope, near Bhilsa, the finest and most
perfect in India, will serve as an example of this class of buildings.

It is situated on the western si^e of a lofty hill, and is inclosed

within a great court-yard which averages 150 yards in length, and is

100 yards broad. " The great tope itself is a solid dome of stone and
brick, 106 feet in diameter and 42 feet in height, springing from a
plinth of 14 feet, with a projection of 64 feet from the base of the
building, and a slope of 24 feet. The plinth or basement formed a
terrace for the jierambulation of worshippers of the enshrined relic

;

for on the right pillar of the North Gateway there is a representation

of a tope, and of two worshippers walking round it with garlands in

their hands. The terrace was reached by a double flight of steps to

the south, connected by a landing ten feet square. The apex of the
dome was flattened into a terrace 34 feet in diameter, surrounded by a

stone railing of that style so peculiar to Buddha monuments, that I

will venture to call it the Buddhist Railing." This terrace formed
the basis of the lee or capital (a square box-like ornament probably
intended to serve as a relique-case or a symbol of one) with which
these structures were always crowned. "The total height of the
building, including the cupolas," continues Major Cunningham, "must
have heea upwards of 100 feet. The base of the tope is surrounded
by a znaarire colonnade, 144 J feet in diameter from east to west, and
161 ( from north to south." The entrance is by four gateways, each
formed by two square pilbrs, 1 8 feet high, covered with carvings, and
crowned with elephant capitals. These support three elaborately
carved lintels slightly curved upwards in the centre, and terminating
in Ionic scrolls and surmounted with emblems : in all the gatew.iys

are 334 'set high. On all sides are ruined temples, fallen columns,
and broken sculptures ; while 30 or 40 i<maller topes combine to form
the group of wlucb the great tope is the centre.

With respect to the character and arrangement of the topes, it will

be enough to quote what Major Cunningham says of those of Bhojpur :

" The topes occupy four distinct stages or platforms of the hill. The
largest topes, six in number, occupy the uppermoH stage, and were, I

bebeve, dedicated to Buddha ; that is, either to the celestial Buddha,
Adindth, or to the relics of the mortal Buddha, Sdh/a. This view is

borne out by the facts that the largest tope contained no deposit

;

and that the second and third sized Topes yielded crystal boxes, one of

which, shaped like a tope, contained only a minute portion of human
bone smaller than a pea ! The second rate topes, sixteen in number,
stand on the second stage. According to my view, these topes con-

tain the ashes of those who had reached the rank of Bo<lhisatwa. We
discovered relics in five of these topes, but there were no inscriptions

of any historical value. The third stage of the hill is occupied by
seven small topes, all of which I suppose to have been built over the
remains of the third grade of Pratyeka Buddhas. Of the eight topes
which stand on the lowest stage of the hill, one is m ich larger than
any of those on the third stage. These topes were, I believe, built

over the ashes of the lowest grade of the Buddha »)mmunity, the
Sriwaka Buddhas."

Very splendid examples of Buddhist temples, topes, an i dagobas occur,

at Anuradhapoora, the ancient capital, and in several >ther places in

the island of Ceylon. These, from their having escapee the destructive

hand of adverse religious bodies, serve to elucidate ii any interesting

points in the history of Buddhist architecture which the remaining
monuments of the peninsula leave in obscurity. Our si>ace will not,

howerer, allow us to notice them here : they will be found described

ia the works of Mr. Fergusson and Sir Emerson Tennent In Burmah
also occur numerous costly Buddhist edifices, some of them on a scale

of great magnitude, as the great pagoda of Pegu—a comparatively
modem structure—the diameter of whose base is 395 feet, while its

height is 331 feet above the artificial terrace on which it stands. At
Java again are several vast Buddhist temples, as that of Boro Buddor,
which is a square nine-storied many-pinnacled pyramid, the base nf

which is 400 feet across. In style, however, these last are far more
barbaric than the older buildings of Hindustan.

Based on the Buddhist style, but much more highly ornamented, are

the temples erected by the Jainas, the great sect wMch sprang up at

the dedme of the Buddhists. [Jai:7as.] Some of these temples are

distinguished alike by chasteness, symmetry, and beauty of design, and
by rich and exquisite finishing. That at Ajmeer, in Rajpootana, is

remarkable for the elegance and sleudemess of its columns, so very
different in their character from those in the excavated works, and
which seem therefore to indicate a totally different jjeriod of art. They
are about forty in number, and partake somewhat of a candelabrum
shape, although no two are exactly alike. The celUng is highly
enriched with square panels or coffers, containing others in the form of

lozenges, enriched with foliage and sculpture, in style not very much
unhke the cinquecento of the Italians. This temple ia surrounded by a
superb screen of Saracenic architecture, assigned by Tod to the first

dynasty of the Ghorian Sultans. The same writer dwells upon the
analogy observable between the details of the columns in this temple
and the ornaments of Gothic buildings ; and it would hardly be
fanciful to designate Jaina architecture the Decorated Buddhist style.

Some of the oldest and finest examples of the style are found about
Mount Abu in Gujerat, but they occur over a wide space, though often

altered, like the temple at Ajmeer, by Mohammediui additions. The
temples appear always to include a sanctuary, lighted only from the
door, and terminated upwards by a pyramidal spire-like roof. In this

chamber is placed a seated figure of the saint to whom the temple is

dedicated ; and attached to it is a spacious portico, which is sometimes
surmounted by a cupola. These porches are often extremely rich in
ornamentation : that of the temple of Vimalah Sah at Abu (described

and figured by Mr. Fergusson) has 48 elaborately carved coliuuns
;
yet

the exterior of the temple is perfectly plain. The Jainas were the
first to erect hollow cupolas in India, those in the Buddhist topes being
all solid. The cupolas of the Jaina temples are formed by placing the
stones so as gradually to project one beyond the other, the apex being
closed by a circular key-stone. The principle therefore is that of a
horizontal or vertical instead of a radiating pressure, and the edges of

all these projections being rounded ofl', the spectator sees, on looking
up, a vault composed of gradually diminishing circles or annular
courses of masonry. Brackets and struts are occasionally employed
with great skill to assist in bearing the superstructures. According to

Mr. Fergusson, some of these Jaina cupolas are " the most e.\quisite

specimens of elaborate roofing that can anywhere be seen." Usually
the octagonal cupolas are carried on eight thick pillars ; but the
base is always made square by the addition of four other pillars at

the angles; while in smaller buildings two more are added on each face,

malring twenty in all. " .Sometimes, hbwever, the same system of

aggregation is carried on till the number reaches fifty-six, which is the
largest number I ever saw surrounding one dome ; but any number of

these domes may surround one temple, or central dome, and the
number of pillars consequently be multiplied ad injinitum." (Fergusson.)

The variety, picturesqueness, and splendour of efiect, and the rich

play of light and shade, thus produced, however impure the style of

architecture may be in itself, can readily be imagined. Many of the
most superb of the Jaina temples have been converted into Mohammedan
mosques.
The Jainas appear to have also wrought out cave-temples ; among

others the Subba caves of EUora have been attributed to them ; but
there is nothing in their works of this class sxilficiently distinctive to
call for a particular description.

Following their Buddhist predecessors, the Jainas showed a great
partiality for erecting towers ; and their towers, though less sub-
stantial, were little less rich than their temples. Few of them however
are left now. Two of them still stand within the fort of Chittore.
The older and smaller is of the 10th century, a.d. ; the larger is of
the 15th. This last is 30 feet wide at the base; 120 feet high;
and is formed in nine stories, the whole being covered with archi-

tectural and sculptural ornament. The body, or shaft, of the tower
is smaller than the base, but it swells out again towards the summit,
which is surmounted with a small dome, and which was probably
crowned with a tee. It is fully described ind figured in Mr. Fergusson's
' Illustrations <}f Indian Architecture,' and ' Handbook of Architecture.'

This cla^ of dagoba is the immediate prototype of the Chinese nine-
storied pagoda.

Brahman Architecture is best studied in the temples of Southern
India. In Northern India the style is a good deal varied and less pure.
What may be considered as the normal type of a Brahman temple con-
sists of the rimana, a tower square in plan and pyramidal in form,
built over the sanctuary or cell in which is the image or emblem of

the god ; a mantapa, or porch, placed before the principal entrance to

the sanctuary; gopiiras, or pyramidal gate towers, which serve as

entrances to the enclosures in which the vimanas are placed ; and a
chouUrie, or spacious pillared hall.

The Vimana, or inner temple, has a perpendicular base of granite or

stone, which is always decorated with pilasters, niches, and other
architectural ornaments. From this rises in distinct stages the
pyramidal roof, visually constructed of brick and covered with stucco,

and crowned with a small dome-like termination, evidently borrowed
from the older Buddhist builders. The most splendid example of one
of these buildings is the great temple at Tanjore, from the annexed
representation of which their general character may be understood.

The base of this temple is 82 feet each way, and the pyramidal roof

rises in 14 stories to a height of about 200 feet.

The porch, or Mantapa, is in plan usually similar to the temple itself.
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• door on each of the four Mm, ad • pyramitUl roof, but much
than the roof of the temple, unaupportixl by pilUn, and without

ijore.

a crowning oraameot. I „ - "^ th< <loor of the cella, the mantl^)a

eflectoally excludes the light of day from the sacred chamber, which
omnquently is lifted only by lamps.

The Goputas, or gate-pyramids, which give entrance to the rect-

angular court which encloses the temple, are luually proportioned in

iae and number to the length of wall which eurrounda the court.

Some of these nteways are much larger than tho templea to which
thsj are appended, and the entire surfoce of many of them is coveru<l

with ornament. One at Combaconum is 12 stories high. In form
they are similar to the vimanas, except that they are not so deep as

they are wide, and they are always pierced with a doorway occupying
from a foaith to a seventh of the whole width.
" By far the most extraordinary buildinga connected with these fanes

re the pillared ' colonnades or Choultries, which occupy the spaces

between the rarious enclosures of the temples. They are of all shapes
and siisM, from the little pavilion supported on four pillars up to the
msgnifloent ball numbermg a thousand. Their uses too are most
various ; in ancient times they served as porches to temples ; some-
times as halls of ceremony, where the dancing girls attached to tiie

efiiinanr danoe and sing ; sometimes they are cloisters, surrounding
the whole area of the temple ; at others swinging porches, where the
gods sojoy at stated seasons that intellectual amusement But by far

their most important application is when used ss nuptial halls, in which
the mystic union of the male and female divinities is celebrated once a

year. Tl^ose dedicated to these festivals sometimes attain an extent of

1000 ooliwins, and are called in consequence halls of 1000 columns,
thoo^ they do not in all instanoss make up this complement." (Fer-

gnsKm.) The pillars are in most instances composed of granite, and
iwvied with sculpture from the base to the capital, every pillar being
nnally unlike the others in the details, though similar in general
^racter and dimenaiona. The elTect of many of these halls ts very
impressive.

As an example of the style of southern Hindustan we may refer to
the small but very elcsant temple at Bareilly, as a structure of moat
complicate and sxquiaite workmanship. Although placed within an
area about 2fiO yards square, the body of the temple, or sanctuary
(sitiMfra), over which rises a pvramidal tUr, or roof, is only 21 fset

square, but the addition of the domed vestibule (tntmdti/) and the pro-
jecting portico oomposed of four superb columns makes the whole
44 feet by 21. Th* c«iUn|» ars elaborately worked, and that of the

portico oonsista of a sin^ block. Facing this temple is another
splendid edifice, called the S^ngirn^iaori, or Nuptial Hall, a square of
atwut 40 feet, with a double range of pillars on each aide forming open
colonnadea. Its nir is the frustum of a pyramid, each stone of which
is elegantly carved, and gradually deoreaaing in aice to the i-uUiu

After the introduction of the Saracenic architecture by the Moham-
medan invaders, the Hindu architects adopted in their secular buildings
many of the features of the new styla Some of the palaces con-
structed under this foreign influence are extremely picturesque, as
the palace of Madura, commenced in the early part of the 17th
century. But the decline of Hindu architecture was thenceforth rapid ;

innovations of all kinds were introduced, and the native barbaric

magnificence, originality, and piquancy were lost, without being re-

placed by western purity, simphcity, or taste.

The Mohammedans at first, it is evident, were led to imitate miioh
both of the general forms and the det-dls of the ecdoaiastioal archi-

tecture of the people they hail conquered. But they brought with
them the principle of the arch, and with it a different and more daring
style of construction. They never wholly abandoned the forms they
had adopted from the Hindus ; but they so modified and applied them
that ultimately their style became rather a variety of the true Saracenic
or Moorish style than of either of the styles of India. Hodges, who
has carefully studied the original buildmgs, indeed refers us to the
mosque at Cbunar Uur, on the Oonges, as a proof of the " perfect
similarity of the architecture of India brought thither from Persia by
the descendants of Timur, and that brought into Europe by the Moors
of Spain." " All the minuter ornaments," he says, " are the same, the
lozenge square filled with roses, the ornaments in the qiandrels of the
arches, the little ])anelUngB and their mouldings ; so that a person
would almcMt bo led to think that artists had arrived from the same
school, at the same time, to erect wimilAr buildings in India and in
Europe." This is, however, too strongly put, and is contradicted by
the details of his own plates. There are, in truth, many features in
the Mohammedan architecture of India which stamp it as distinct

from the Moorish style of Europe. [Sabace-nic Architecture.1
Among these are its numerous bulbous domes, which are frequently
applied even to minarets, and the projecting galleries given to these
latter, to which may be added the use of very projecting balcopiea,
supported on massive cantilevers or consoles. One of the most splendid
ex.-uuple8 «f this later style is the celebrated Taje Mahal, near Agra,
erected by Shah Jehan as a mausoleum for his wife in the 17th century.
" It stands," says Bishop Heber, " in a square area of about 40 English
acres, enclosed by an embattled wall Mith octagonal towers at the angles,
surmounted by open pavilions, and four very noble gateways of red
granite, the principal one of which is inlaid with white marble, and has
four high marble minarets. The space within is planted with trees and
divided into green alleys leading to the |irinci|>al building, which is a
sort of solid pyramid surrounded entirely with cloisters, galleries, and
domes, diminishing gradually till it ends in a square platform of white
marble, surrounded by a most elaborate Uttioe-work of the same material,
in the centre of which is a small altar-tomb, also of white marble,
carved with astonishing delicacy and beauty." The cost of this tomb
is said to have been 7£0,00M. An equally celebrated but inferior work
of this class is the mausoleum of Hyder Ali at Seringapatam.
Next to the tombs, pertiaps, as characteristic of Mohammedan archi-

tecture in India, are the mosques, some of which are of considerable

magnitude and magnificence. In the gaten-ays, which are made a
striking feature, the Moorish arch inclosed within a square-headed
panel is applied with excellent effect. In the mosques themselves
there is often a grc.it multiplicity of hemispherical or bulbous domes.
The mosque at M.indu, the great mosque at Delhi, and the pearl

mosque of Shah Jehan at Agra, are very beautiful examples of

Mohammedan temples. Some of the minarets are highly enriched and
of unusual dimenaions ; that of Kootub is 48 feet at the Inse and 242
feet high, though it has lost its capital—being only exceeded among
Mohatmnedon buildings by the minaret of the mosque of Hsfwmn in

Cairo.

Still more splendid are, or were, the palaces, which are in soms
Instances of prodigious extent, finished in a style of unbounded luxu-
riance, full of fanciful and admirably-executed ornamental details, and
unquestionably picturesque in appearance. Among the most superb
are those of Agra, Allahabad, Luoknow, and Delhi.

INDIAN FIRE. A brilliant white signal-light, produced by burn-
ing a mixture of 7 ports of sulphur, 2 of realgar [Ahsenic], and 24 of
nitre.

INDIAN INK. riSK.]

INDIAN KUBBER. fCAOCTcnocc]
INDIAN YELLOW. [Colourino Matters.]
INDIANS. [NORTB A^UERIOAN I>DIANg.l
INDICAN. [iKDioo.]
INDICATOR. The word i'n(/i>a(or is used, generically, in meclianical

engineering, to designate any cuntrivunce by means of which it is

possible to calculate the force exerted by the intervention of a machine

;

but it has of late years been almost exclusively applied to the instru-

ments by which the pressure of steam in the cylinder of a steam-engine
is registered throughout the whole of its duty, or by which the amount
of vacuum or exhaustion attained by the use of the air-pump and con-



840 INDICTION. IKDIGO. 850

denser, is recorded. The indications of the pressure of steam in the

boiler are marked by the pressure gauge ; the indications of the useful

amount of power transmitted to the first motion-wheel are recorded by
the dynamometer ; whilst the meaning of the generic term is limited

to the sense above given. Different constructors have introduced

varieties in the form and working details of their indicators ; but they

all are identical in principle. They are all self-registering, and show
(by means of a curve traced on a slip of paper by a pencil attached to

the part of fhe indicator inunediately connected with the steam in the

interior of the cylinder, or with the vacuum), the difference between the

pressure of the atmosphere around the cylinder, and the pressure within

the cylinder, at every part of the up and down stroke of the piston, for

that end of the cylinder to which the indicator is attached. In order

to effect this object, a small cylinder is connected with the larger one in

which a steam and air tight piston works, and the rod of this piston

passes into another small cylinder, in the interior of which is placed a

spiral spring, which in its turn presses upon the rod of the indicator

piston in such a manner as to keep the latter in the centre of its

cylinder, when the pressure of the atmosphere and of the vapour in

the cylinder of the engine balance one another. In proportion as the

relative pressure increases on either side of the cylinder of the in-

dicator, it will be found that the piston will rise or fall ; for spiral

springs (as Hessra. Hann and Qener observe), are extended and com-
pressed through equal spaces by equal and opposite pressures. There
is a stud passing from the top of the piston-rod through a slot in the

spring cylinder, and an index pointer tiiows on a scale attached to the

side of the slot the pressure acting upon the piston. The description

and use of this instrument are well explained in Hann and Oener's

book, above quoted, entitled ' The Steam Engine,' 1854, &c. &c.

INDICTION; CYCLE OF INDICTION. [Pebiods of Revo-
lution.]

INDICTMENT is a written accusation of one or more persons of a

crime or misdemeanour presented by a grand, jury. The sheriff

returns to every session of the peace and every commission of oyer and
terminer and jail delivery at least twenty-four freeholders of the

county, twelve of whom, at least, and not more than twenty-three, are

Bwom upon the grand jiuy. They are instructed in the articles of

their inquiry by the judge, and then withdraw to sit and receive bills

of accusation, which are presented to them in the name of the crown,
but at the suit of any private person. The decision of the grand jury
is not in the nature of a verdict as to the guilt of the accused, but
merely th6 expression of their opinion that from the case made by the
prosecutor the matter is fit to be presented to the common jury. In
conducting the inquiry the evidence in support of the accusation only
is heard. If the grand jury think the accusation groundless, they
indorse on the bill " not a true bill," or " not found ;

" if the contrary,
" a true bill

;

" and in finding a true bill twelve at least of the grand
jury must concur, because no subject can be put to answer an
accusation except such as is credited by such a number of his fellow-

citizens. Anciently the words " ignoramus " and " billa vera " were
used. When a bill is found to be a true bill, the trial of the accused
takes place in the usual form ; when the bill is " ignored," the accused
is discharged, but a new bUl may be preferred against him before the
same or another grand jury. Sometimes, when the bill is ignored on
account of some slip or error, the judge will direct the accused to be
kept in custody, in order to prevent him from escaping from justice.

INDIGESTION. [Dtbpepsu.]
INDIGO. This well known colouring matter is a product of the

regetable kingdom, being derived from the cellular tissue of the leaves

of certain plants. For the names and habitats of these plants, see
InsiooFERA, in Nat. Hist. Div.

Indigo was well known to the ancients. Bands of cloth, evidently
dyed with this material, are met with in the wrappings of Egj-ptian
mummies; and Dioacorides and Pliny mention it as an Indian product
under the names of nfiiKov and indicum. It began to be employed in

Europe about the middle of the 16th century, but owing to the oppo-
sition of the cultivators of the native woad, its importation into Eng-
land was prohibited ; and it was not till the time of Charles II. that
these prejudices were overcome. At the present time there are sent
into this country from 60,000 to 7%0I)0 cwts. of indigo per annum.
The cultivation of the indigo plants is extensively carried on in

various parts of India and America. In the spring the seeds are sown,
at the rate of about a dozen pounds per acre ; the plants grow rapidly,
commencing to bloesom in three months time, when they are cropped
antf again allowed to grow till they are sufficiently mature to admit of
another cutting. Occasionally a third and even a fourth cropping is

matle, but each of these contains successively less and less of the
matter that yields the colouring principle.

The indigo plants present no appearance when growing that would
lead an observer to suppose they contained any matter capable of pro-
dodng colour ; nor is it yet satisfactorily determined in what form the
indigo pre-exists in the vegetable tissues. From the recent experi-
menta of Schunk (' Manchester Memoirs,' 1865, vol. xii., p. 177), it

would aeem that a principle, termed by him Indican, of yellow colour,
and having the composition (Cj.H^NO,, ?), occurs naturally in the
pUnts, and that it is from the decomposition of this body, under cir-

cnmstanoes immediately to be described, that the indigo is produced.
The manufacture of indigo in the East Indies is conducted some-
ARTB AXU SCI. DIV. VOU IV.

what after the following plan. The recently cut plants are placed in
large stone cisterns, called fermenting vate, or steepers, and covered
with water; fermentation soon commences, large quantities of gas rise

in bubbles to the surface, and the whole mass becomes covered with a
copper-coloured scum. After about fifteen hours fermentation ceases,

and the liquor is then run off into another vat placed on a lower level.

Here it is brought well into contact with the air by beating with
wooden paddles for about an hour and a half. During the beating the
contents of the vessel darken in colour, and the indigo separates out in

flocks; these are allowed to subside, heated to boiling to effect the
removal of certain impurities, then collected on woollen strainers, and
finally pressed, dried, and the mass cut up into blocks for sale. At
some places the plants are, after cutting, spread out to dry in the sun,
it being supposed that a better quality of indigo is thus obtained.

Indigo is usually met with in commerce under the form of cubical

masses or cakes, which are brittle and of characteristic colour, a colour

that ranges from a deep blue containing a little purple, to a dark purple

containing a little blue. When burnished it acquires a beautiful,

glossy, copper tint. It is generally thought that its specific gravity

should be less than that of water, though the method of preparation

and adulteration with foreign matters often cause it to weigh more
than an equal bulk of that liquid. Many methods for estimating the

absolute amount of colouring matter

—

indvjQtin— in a specimen of

indigo have been proposed, but they all require experience in chemical
manipulation for their accurate performance : they will be found de-

scribed in the various analytical text-books.

The great value of indigo as a dyeing material, and the enormous
extent to which it is used, have procured for it a large share of the

attention of scientific chemists. The result is that its application as a

pigment has been greatly extended, and many important and inter-

esting derivatives obtaine<l from it. The following list will exhibit at

a glance the relations which the chief of the.se derivatives bear to each

other. Starting with pure indigo itself (indigotin), which poay be
looked upon as a positive radical, and which we may represent by the

symbol {ln= indi/l), we have :

—

Indigo-blae .

White indigo

Salphindigotic acid

.

Isatia

Isatic acid

Isathyd . .

Indin . .

Hydrlndin .

Jndigo-hlue or indigotin (CijHsNO,), may be obtained in a very
beautiful form by mixing commercial indigo with about half its weight
of plaster of paris and sufficient water to make a thick cream ; this is

evenly spread over an iron plate so as to form a stratum about one-

eighth of an inch in depth, and set aside to dry. A spirit or gas flame

is then applied to the imder surface of the plate when the indigo sub-

limes out from the mixture and condenses in brilliant little purplish-

brown crystals, on that part of the plaster immediately over the source

of heat. By gradually moving the lamp the indigo is sublimed in

successive portions that readily admit of being removed by a spatula

from the hard cement below. Indigo-blue thus produced is very
beautiful, but not pure. To obtain it in the latter state, it is necessary

to dissolve it in a dilute alkaline solution, and as indigo itself is not

soluble in such a menstruum, it is brought into intimate contact with
some substance th.at is capable of furnishing hydrogen to it, hydride of

blue indigo being thus formed which is quite soluble. One of the best

methods of accomplishing this is the following. Four parts of indigo

in powder, four parts of grape sugar, and ten parts of a saturated solu-

tion of caustic soda, are placed in a flask of such a size that it will

hold about twenty times the volume of the mixture. The vessel is

now filled up with boiUng alcohol, well stoppered, briskly agitated, and
set aside. 'I'he liquid soon becomes clear, and is then poured out into

shallow vessels and exposed to the air, when it rapidly absorbs oxygen
and deposits crystals ; these when washed, first with alcohol and then

with hot water, form perfectly pure indigo blue.

Indigo-blue is a neutral body, tasteless and inodorous. It is insoluble

in water, alcohol, ether, oils, dilute acids, or alkalies. It fuses and
subhmes in purple-coloured vapours at about 550° Fahr. ; at a higher

temperature it is decomposed, hydrocyanato and carbonate of ammonia,
aniline, and an euipyreumatic oil being^mong the the volatile products,

while much carbonaceous residue remains.

Wliilt-lndigo, Indigogen, or (improperly) Reduced Indigo (C,,H„NO,
^CjnHjNOj.H) is a combination of hydrogen with indigo blue, and
may be prepared by several processes : all of which, however, depend
upon the deoxidising effect they have upon water, the hydrogen of that

compound being thus furnished to the indigo. Grape sugar is such a

deoxidising or hydrogenieing agent, and if to the dilute alkaline solu-

tion (already referred to in the description of tbe method for obtaining

pure indigo blue) there be added acetic acid, dirty white flocks of

indigogen are precipitated. White indigo is insoluble in water, slightly

soluble in alcohol and in ether, and when exposed to the air rapidly

absorbs oxygen, foiming water and indigo-blue.

3i

C..H.NO. = In

C,.H.NO. = In.H

C,,HjN0„S,04 = In, SjOg

Ci.HsNO. = InO,

C,.H,NO. = no, InO,

Ci.H.NO. = InO,H

C3,H,„N,0. = In,

C,.H„N,0. = InjU
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Tb« inlubility of white indigo in dilute klkaline aolutjoo, and the

inaolubility of blue indigo in a aimiUr menitruum, nn facte of grmt

lntanat and importance, aa on thsm depend the uw of indigo in the

Mti of dfciiv and oalioo-printing. The deoxidiiing agente, other than

gnpe augar, that are uaad for making the rtdiHtd indigo raU, are

protoaulphato of iron, protochloride of tin, orpiment, and decaying

Tegetable matter ; lime aometimea replacing the alkali. For detail* of

the nrepantioa id aoma of tbeae hatha or rate, aee CAUOO-Pannrna
and DTlora.

BxllAiitdiyolu aeid, or S^I|J>i»4^g^lc aeiJ (In,S,0.=C„^ NO.,S,0^

One equiralent of hydrogen in this compound is replaceable by an

equiralent of metal,' forming aalte called lulfihindiflotattM or tiJph-

imdiilaie$. Sulphindigotic acid ia formed by diaeolving commercial

indigo in aix time* iU weight of fuming or Nordhaiuvn aulphuric acid.

The product i* known aa !<aJtomy blue, and ia extensively used in cloth

dyeing ; it containa another arid named kypetHlphiHdigotie acid, and

the greater part of the reaidue from its preparation consiste of tulpho-

fmrpwrie or udphapkrHirie aeid (2C„H,N0„S,0,). By the decompo-

ition of these aulphuric derivatives of indigo thSre arc produced

mJpionndie, nUpkntarie, lulpAo/Hlric, and tulphorujic add* : they huve

been but little studied.

Imtim (C,,H,NO,), a subataooe obtained from indigo by the addition

of two equivalenU of oxygen.

C.jH.XO, + O, = C,,n,NO.

Indigo-blue. Itatio.

In order to prepare it, powdered indigo is to be mixed in water with

equal parte of sxilphuric acid and bichromate of potash, the last being

dtaaolved in 20 or SO parte of water. The indigo dissolves, and at first

without the extrication of any gaseous matter, but towiuds the end

with the disengagement of carbonic acid gas, and the formation of a

deep yellowish brown liquid, from which the isatin separates by evapo-

mtion, in "crj-stels ; these ai-e purified by repeated crystallisations in

water, and one and the last in alcohol. Nitric acid may be used in the

place of chromic for oxidising the indigo, but if too concentrated,

indigotic acid ( nitrosalicylie acid) resulte.

The properties of isatin are :—It cryBtaUises in prisms, which are of

a yellowish red or deep aurora-red colour, possessing much splendour

when deposited from an alcoholic solution ; they are slightly soluble in

cold water, but dissolve readily in boiling water and in alcohol ; these

Bolutioos discolour the skin, and impart a dist^greeable odour to it.

The crystela are decomposed by heat, leaving a charcoal which it is

difficult to incinerate ; the caustic alkalis convert it into isatic acicL

Fused with solid hydrate of potash it is decomposed, aniline being

produced according to the following equation :

—

C,,HjXO. + 4(KOnO) :> C,,n,N + 4{KO,C0,) + H,

bstin. Aniline.

Chhrau a»d Bronune derivatiet$ of Isatin.—One or two atoms of

hydrogen in isatin may be replaced by one or two atoms of chlorine or

bromine, and the following compounds formed :

—

CUoriiatla

Dichbriutin

BromlsatlB

mbtoBdHtin ^•Br/

These compounds greatly resemble isatin, both in appearance and in

all their resctiooa. The chlorine derivatives are produced by the

action of chlorine upon indigo, and separated by crystallisation from

alcohol, cblorisatin being leas soluble in that liquid than dichlorisatin.

The-tiromine derivatives are obtained in a simitar manner from iiidigu,

using bromine instead uf chlorine.

Intieacid (C,.H,NO.= HO,C,.H,NO.). laatin dissolves in potash

with a deep pur]>le colour, which becomes bright yellow by heat The
solution yields by evsporation a crystalline salt of potash, which is

soluble in alcohol, and crystallises in small, bard, colourlesa prisms.

viien a solution of this iiUt is mixc<l with one of acetete of lead, a

white precipitete is obtained, which, difriiii«<l in water and deoompoaed
by hydroaulpbiuic acid, yields a colourless acid liquid, and this by
sfionUoeotu cTspnration funiishe* a white and scareely crystalUno

powder, which is hy<lrat«d isatic acid.

The prupertia* of isatic acid are a* follow :—It is perfectly insoluble

in cold water ; but when heated in water, it is deoompoaed into isatin

and water, the mixture Iwcumiiig of s reddish yellow coluiir : the

soluble iaatate* act in tlio aaine manner with the mineral acids ; whrn
they ore aiMed tn it cold, n>> decom|M>*ition is apparent; but as soon

a* hfvt is applied, the mixture becomes yellow, and depoaite crystals

pf isatin.

Iiutate of potash ^ve* a white precipitete with barytio salte, soluble

in boiling water ; with the aalte of ailrer it gives a white precipitete.

which dissolves when heated in the mixture, a certain portion of the

silver salt being reduced to the metallic stete ; the boiling solution of

isateto of silver dcposite crystals which are partly in lamina; and partly

granuLv. The general formula of these uotafet ia (C,«H,MKO,a
MO.C„H,NOJ.

OMonM and JirosinM derivaiira of Jtatie Add.—These

CUcriaalkadd

DieUorintk aeid

BromlsaUe add

Dibromtsatis acid

C,,H,C1S0,

, C,,B(CI,NO,

C,.H.Br NO.

, C,,H,Br,NO,

They are respectively produced by the action of potash upon ohlori-

satin, dichlorisatin, bromisatin, and dibromisatin, the potaah aalt of

tlie acids being thus formed, and this, by double decomposition with
the soluble salte of other bases, furnishes the several metallic derivatives

of these acids.

Ammoniaeal Derivaliva of Itatin.—Ammonia acte upon isatin, giving

rise to bodies that differ from each, according as the circumstancea differ

under which they ore brought into contact. They all contain the ele-

mente of isatin, plus ammonia (XH,) and minus water (HO). Their
relationa to each other are best shown by formulating them upon the
ammonia type, or upon tlic hydrated oxide of ammonium type, as

follows, ill which blue iniligo— th-it is, the radical indyl (C,,HjXO,)—
is represented by the signs (Inin or In,).

In
Imeaatin . . . C,,B,N,0, c N { In

H

Imasatin

luunlc oeld

Isamide .

Isatimlde .

• C„H„N,0.= ^'S}

Each of the chlorine and bromine derivatives of isatin gives rise to a
similar class of bodies, in each of which, of course, isatin is replaced by
the chlor or brom derivative.

Imaatin is obtained in colourless prisms on passing a current of dry
ammoniaeal gas through a solution of isatm in absolute alcohol.

Im/uatin is produced when a solution of isatin in ammonia ia main-
tained for a diort time at the boiling point It crystallises in lamellar

grains. Itamie, called also imatalic and mbaidinie add, ciystallisea

out in beautiful pUtes from an alcoholic solution of isamate of ammo-
nia, to which hydrochloric acid has been added. Isamate of ammonia
resulte from the metamorphosis of isatate of ammonia when a aolution

of the latter salt ia evaporated to the consistence of a syrup. Bromine
energetically attacks isamic acid, producing a yellow body termed
indelibrome. Itamide, or amatatin, is formed when isamate of ammo-
nia is strongly dried. Imtimide is a crystalline yellow powder formed
during the preparation of imesatin, but is more soluble in the iUcoholic

ammonia, and therefore oystallises out subsequently to the imesatin.

There appear, also, to be produced at the same time, iiUUime
(C,,H,,N,0,o), containing three atoms of isatin, plus one of ammonia,
minus two of water ; and amitatin (C.,H,.If„0,,), represented by six

atoms of isatin, plus five of ammonia, minus six of water.

I$athpd (C\„H„NO.= C„H,NO., H).—This body may be viewed aa

the hydride of isatin, bearing the sune relation to that body that white
indigo does to blue. It is best prepared by placing isatin in a flask

with zinc and dilute sulphuric acid. It is a gi-ayish crystalline powder,
insoluble in water .ind H|iarinKly so in olcuhol ur other. On passing a
current of sulphurettol hydrogen through the alcoholic solution, biinU-

phymlliyd (C,„H,NO,S,) is formed, a body in which two atoms of

sulphur replace two of the oxygen in isathyd. On ocUIiiig solution of

]xitash drop by drop to an alcoholic solution of bisulphisathyd, one
atom of sulphur is substituted by one of oxygen, and tidphimlhyd is

produced. By the action of hydridisiug agents upon the chlorine

and bromine derivatives, corresponding Mor and brom iaaOiydt are

obtained.

liatatu (C.„H„N,0,) is a white powder, formed when bisulphisathyd

is boiled with bisiilphite of ammonia. It contains the elemente of two
molecules of isathyd, leaa two atoms of oxygen.
hdin is prepared by the action of potaui on sulphisathyd, the alkali

being subsequently removed by hydrochloric acid. It is pulverulent,

of a very fine deep rosered colour, insoluble in water, and slightly

soluble in alcohol and ether. When heated, it begins to swell as soon
aa it melu. It yields a subetence which crj-stallises in needles, and
much charcoal remains. Boiling nitric acid decomposes it, altering ite

colour slightly, red vapours are formed, and tiiirindiH (C„H,' NO,)N,0,)
is pro<luced. If the ebullition be continued, the new priMluct is also

dccnniposed, ami disiip[H.-an<. Sulphuric acid dissolves inclin, assuming
a red colour, and water prcoipitetes it from solution unalteretl ; bromine
colours it \'iolet. Ammonia has no action on indin, but potash attacks
it under certain ciminiHtiiiecH. It is polymeric with blue indigo, and
its jtr^ibalde composition In (C,,H,oN.(-),).
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Indinic Acid is formed in combination with potash, yielding black

crystals, by the continued action of the alkali upon indin ; the iiidinate

of potash is readily decomposed by water, and still more easily by
acids ; alcohol dissolves a little of it, but by long washing decomposes

it. In the air it becomes of a Ught rose colour. Its composition

appears to be (C„H,KN,0,).
.Cklorinc and Bromine Derivative of Indin are produced by the

action of heat on the corresponding derivatives of isathyd.

Hydrindin (C„H,jN,0, + 2Aq.) appears to contain the elements of

indin plus hydrogen. It occurs i^i small white prismatic crystals, and
is prepared by acting upon indin with an alcoholic solution of potash.

The re-action also gives rise to JUivindin, a body forming pale yellow

acicular crystals.

INDIGU-BLUE. [Indigo.]

INDIGO-WHITE. [Lvdigo.]
INDIGOGENE. [Indigo.]

INDIGOTIC ACID. [Lvdigo.]

INDIGOTIC GROUP. According to Gerhard's system of classifi-

cation of organic compounds, this group, belonging to the Benzoic
Series, consists of a nimiber of bodies derived exclusively from indigo,

under which the individual members of this group will be found
described. Indigotic compounds poaaeaa a certain relation to saUcylic,

kinonic, and phenylic compounds. Thus salicylic acid, nitrosalicylic

acid, perchlorokinonpicric acid, aod aniline, can be obtained from
indigotic compounds ; but when once thus broken up, no indigotic

body has yet been reproduced from these derivatives.

INDIGOTIN. [Indigo.]

INDIN. [Indioo.]

INDINIC ACID. [Indioo.]

INDUCEMENT. [Pleading.]
INDUCTION (iirayarrii), as deBned by Archbishop Whately, is " a

kind of argument which infers respecting a whole class what has
been ascertained respecting one or more individuals of that class."

According to Sir William Hamilton the word has been employed to

de8ig;n<ite three very different operations :—1. The objective process of
investigating particular facts, as preparatory to Induction, which he
obeenres is manifestly not a process of reasoning of any kind ; 2. A
material illation of a universal from a singular, as warranted either by
the general analogy of nature or the special presumptions afforded by
the object matter of any real science; 3. A formal illation of a
universal from the individual, as legitimated solely by the laws of
thought and abstracted from the conditions of any particular matter.
The second of these operations is the inductive method of Bacon,
which proceeds by means of rejections and conclusions, so as to arrive

at thoae axioms or general laws from which we may infer by way of

yntheais other particulars unknown to us, and perhaps placed beyond
reach of direct examination. (' Nov. Org.,' ' Aph.,' c iii., c. v.)

Aristotle's definition coincides with the tlurd, and induction " is an
inference drawn from all particulars." (' Prior Analy.,' ii., c. xxiii.)

The second and third proceues are impro|>erly confounded by most
writers on logic, and treated as one simple and purely logical operation.

But the second is not a logical process at all ; since the conclusion is

not necessarily inferrible from the premise, for the lome of the ante-
cedent does not necessarily legitimate the all of the conclusion,
notwithstanding that the procedure may be warranted by the material
problem of the science, or the fundamental principleti of the human
undemtanding. The third alone is properly an induction of logic; for

logic does not consider things, but the general forms of thought imder
which*the mind conceives them; and the logical inference is not
determined by any relation of causality between the premise and
conclusion, but by the subjective relation of reason and consequence as
involved in the thought. The inductive process is exactly the reverse
of the deductive ; for while the latter proceeds from the whole to the
part, the former ascends from the part to the whole : since it is only
under the character of a constitute! or containing whole, or as a con-
stituent and contained part, that anything can become the term of
logical argumentation. Of these two processes. Sir William Hamilton
gives the following figures :

—

Induction.

X T z are A.

X T z are whole B.

.', whole B is A.

or,

A contains x T z.

X T z contains B.

.'. A contains B.

Deduction,

Bis A.

X T z are under B.

.'. X Y z are a.

or,

A contains b.

B contains x T z.

.'. A contains x t z.

This confusion of material and logical induction led Gillies and
others to insist on the sameness of the Baconian and Ari.-itotelian
induction ; while Campbell and Dugald Stewart, who totgjly mistook
the value of all logioil ioference, yet rightly maintained Uxeir diffe-
rence.

By Aristotle, induction and deduction are viewed an in certain
respects similar in form ; but in others as diametrically opposed, the
latter being an analysis of the whole into its parts, by descending from
the more general to the more particular ; but the former descends by
a synthetical proceM from the parts to the whole. The logicians, who

misapprehended the nature of induction, reduced it to a deductive
syllogism of the third form, and thereby overthrew the validity of all

deduction itself, since the latter is only possible by means of the
former, which legitimates the proposition from which its reasoning
proceeds.

Again, the Aristotellin induction was drawn from all the particulars,

whereas the confusion which Sir W. Hamilton has pointed out gave
rise to a division of the inductive process into perfect and imperfect,
according as the enumeration of particulars is complete or incomplete.
The latter gives only a probable result, whereas the necessity of the
conclusion is e.ssential to aU logical inference, as its demonstrative
stringency depends upon the form of the illation, and not upon the
truth of the premises. It is proper to add, that no one ever knew the
distinction between the imperfect and perfect forms of the conclusion
better than Aristotle himself.

INDUCTION (Mathematics). The method of induction, in the
sense in which the werd is used in natural philosophy, is not known
in pure mathematics. There certainly are instances in which a general
proposition is proved by a collection of the demonstrations of different

cases, which may remind the investigator of the inductive process, or

the collection of the general from the particular. Such instances
however must not be taken as permanent, for it usually happens that a
general demonstration is discovered a.") soon as attention is turned to

the subject.

There is however one particular method of proceeding which is

extremely common in mathematical reasoning, and to which we
propose to give the name of luccessive inductinn. It has the character
of induction as defined by the logicians, because it is really the
collection of a general truth from a demonstration which implies the
examination of every particukir case ; but it adds to the necessary
character of induction that each case depends upon one or more of

those which precede. Substituting demonstration for observation, the
mathematical process is truly inductive. A couple of instances of the
method will enable the mathematical reader to recognise a mode of
investigation with which he is already familiar.

Example 1.—The sum of any number of successive o<ld numbers,
beginning from unity, is a square number, namely, the square of h,ilf

the even number which follows the last odd number. Let this

proposition be true in any one single instance ; that is, n being some
whole number, let 1, 3, 5, .... up to 2ft + 1 put together give (»i + 1)*.

Then the next odd number being 2»f 3, the sum of all the odd
numbers up to 2«-)-3 will be (n-t- 1)- + 2» + 3, or n'' + in + i, or
(n-l-2)'. But n-(-2 is the half of the even number next following
2n + 3 : consequently, if the proposition be true of any one set of o<ld

numbers, it is true of one more. But it is true of the first odd
number 1, for this is the sqviare of half the even number next
following. Consequently, being true of 1, it is true of 1 + 3; being
true of 1 + 3, it is true of 1 -e 3 + 5 ; being true of 1 -f 3 + 5, it is true
of 1 -t- 3 -I- 5 + 7, and so on ad infinitum.

Example 2.-—The formula x» —o* , n being a whole number, is

always algebraically divisible by x—a.

ar"- 'a-f a"-'a;—a"

=x(a!»->—o'-') -i-a—^^x—a)

In this last expression the second term o"~'(a;—a) is obviously
divisible by x—o : if then J;"-' —a" -'be divisible by a;— a, the whole
of the second side of the last equation will be divisible by x—a, and
tKerefore a* —a" will be divisible by x—a. If then any one of the
succession

x—a, a?—a', a*—o', x*—a*, &c.

be divisible by x—a, so is the next. But this is obviously true of the
first, therefore it is true of the second ; being true of the second, it is

true of the third ; and so on, ad infinitum.
There are cases in which the successive induction only brings any

term within the general rule, when two, three, or more of the terms
immediately preceding are brought within it. Thus, in the applica-
tion of this method to the deduction of the well-known consequence of

x+ —=2 cos 9, namely, a" -*-— = 2 cos. n 9,
X x«

it can only be shown that any one case of this theorem is true, by
showing that the preceding two cases are true ; thus its truth, when
n= 5 and tt=6, makes it necessarily follow when » = 7. In this case
the two first instances must be established (when n = 1 by hypothesis,
and when ?i= 2 by independent demonstration), which two establish

the third, the second and third establish the fourth, and so on.

An instance of mathematical induction occurs in many equations of
differences, in every recurring series, &c.

INDUCTION, ELECTRICAL. [Electricity, Common; Gal-
vanism; Maoneto-Electbicity.]
INDUCTION. [Benefice.]

INDULGENCE is a power claimed by the Roman Catholic church, of

granting to contrite .and confessed sinners remission of the penalty, or

part of the penalty, which they ought to suffer here or hereafter in
expiation of their sins. The indulgence does not remit the guilt,

"culpa," nor the eternal punishment awarded to the impenitent
sinner, but only the temporal penalty which the repentant sinner.
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afl«r h«Ting duW cunfaaMd his tini and received abeolution, ha* (till

to undergo, eitLrr in this world or in purntoty, sooording to the
belief of Koman Catholios. [CoHmsiox.] In the early ages of the
church repentant sinners after confession had to undergo public

poniahment, often very serere, in proportion to their offences ; such
punishments, however, were ocesaioiumy mitigated by the " indulgence

"

ol the bishope, who, in particular osaes, abridged the austerities

enjoined by the canons, or commuted them for works of charity and
Fiotu exerdsee. Such was the origin of indulgences. (Maldonat, ' De
ndiilgentiis ; Bibliothdque Sacrfe,' par les Feres Richard et Uiraud,

article ' Indulgence ;

' Lingard, ' History of England,' vol iv.)

Several of the early fathers of the church, such as St. Cyprian (' De
Lapsis ') and TertuUianus (' De Pudicitia '), complained of the abuse
of this pnctice in their time, and especially that simple priests pre-

Btmied to grant indulgences, which was the exclusive privilege of

bishops, and that bishops themselves granted them with too much
facility. The canonical or ceremonial penalties becoming in course of

time disused, together with the practice of public confession, the
indulgences which continued to be granted afterwards were understood
to remit that part of the ]<enance to be undergone in purgatory which
was equivalent to the canonical penalty which would have been
•warded by the early church. (Maldonat) " The faith of Catholics,"

ays Maimbourg (' Histoire du LuthtJraoisme,' vol. i), " has always
been that the Son of Qod has conferred on his church the power of
relieving the penitent sinner not only from the bonds of his sin by the
merite of Chnst's passion applied to him in the sacrament of confession,

but also from the punishment which he would suffer, either in this
worid or the next, as a saUsfaction to the divine justice for offences

committed after baptism. Hence St Paul, at the request of the
Corinthians, remitted to the incestuous man whom he had excom-
municated, the remnant of the penalty incurred for the crime ; hence
the bishops of the earliest ogee gave peace to apostates, and reconciled
them to the church by abridging the time of the criminal penance
through the intercession of martyrs, and in virtue of their Bufferings,

joined to those of the Saviour of the world, who rendered them
precious in the sight of God." The ' Bibliothtque SacnSo," above quoted,
contains a most elaborate article on the subject of indulgences, divided
into eight sections, namely—1. On the name and nature of indulgences.
2. On the various sorts of indulgences. 3. On their virtues and
effects. 4. On their truth and foundation. 5. On the causes of
indulgences. 6. On the subjects or persons to whom indulgences are
appUed. 7. On the conditions and dispositions required in order to
obtain the benefit of the indulgences. 8. On the abuse of indulgences.
We may observe on this last point that indulgences are granted in
some cases to thoee who give money for the building of churches and
other pious purposes ; but that the sale of or traffic in indulgences has
been severely reprobated by many councils, and that the bulls of

indtdgeooes granted by the Pope contain the clause that " if any thing
be given as the price of this indulgence, the indulgence itself becomes
null." The sale of indulgences, however, has on many occasions been
connived at b^ tlie higher authorities in the Romish church, and, as is

well known, it was the indignation excited by an act of this kind
which first aroused the anti-papal spirit in Luther, and led eventually
to the Reformation.

INDUS (the Indian), a constellation of Bayer, situated between
Sagittarius and the South Pole.

Ko. In Catslo^e
Mo. in Cataloiruc of British

Character, ofLacaille. Astocialion. Msgnltade.

1676 7096 3
1691 7228 4
17S1 7428 6
1764 7638 5

IKEQUALITY. (Astronomy.) For convenience, the average mo-
tion of a planrt or satellite, supposed to be made in a circle which has
the average distance of the body from the stm or primary for it« radius,

is the fint object of calculation when the place of the body at some
future time is to be predicted. All the alterations which are ren-

dered ne ieii ry by the unequal motion of the planet are called

>n«nn*llti<i> [Obavitatiox ; LcfAn Tueoht; Plaketajiy Tueohy,

I N'ERTIA. This word means something equivalent to the modem
English sense of inaditity, or rather of ineapabililg, and expresses that
property of matter by which it does not ohuige its own state of rest or
motion, but mquires for that purpose the action of some external
cause, to the magnitude of which the change is in proportion. Previous
to some remarks upon the use of this word, we shall give at length the
third definition of Newton's ' Principia,' from which the common
usage of it is derived. " The n'l inttta, or innate force of matter, is a
power of resisting by which every body , as much as in it lies, endeavours
to iiersevere in its present state, whether it be of rest or of moving
uniformly forward in a straight line. This force is ever proportional
to the body whose force it is ; and differs nothing from the inactivity

of the mass, but in our manner of conceiving it. A body, from the
inactivity of matter, is not without difficulty put out of its state of
rest or motion. Upon which account this ri< intila may, by a most
aigniftcant name, be called rw inertice, or force of inactivity. But •

body exerts this force only when another force, impressed upon it,

endeavours to change its condition," Ac
We could wish that the use of this word were entirely exploded,

and for the following reason. When a term is proposed to stand for

a property, mode of being, or condition of esistunoe, about which
we know nothing except that certain phenomena always occur under

certain circumstances, such a proposition may be listened to, on con-

dition that there is one distinct phenomenon or clan of phenomena,
which wants a distinctive name, and also on condition that the word
is to be used in a purely characteristic, and not in a doctrinal or

explanatory sense. Thus the word impenetrabillly [Impenetb.\dilitt],

though likely to cause misconception, as pointed out in the article

cited, is nevertheless a good word to those who know how to use it,

and a necessary word to those who desire to describe and reason on

our knowledge of matter. It conveys to the mind, by one act of

separation or abstraction, the notion of a cause fur a phenomenon
which might be conceived to exist independent of the other properties

of matter. We can imagine impenetrable space, not endowed with

mobility, colour, or any other accident of matter. But with the

word inertia as used by Newton, we do not describe any quality of

matter, but supply a term of causation for matter itself, so far as

thoAe properties are concerned which are studied in mechanics. What
is the matter of a work on pure statics or dynamics? That which
obeys certain three laws of motion, or presents phenomena which are

of a certaiir threefold description. What word, according to Newton,
should be used as a term of causation to remind us that the first

law of motion arises from something inherent in the constitution of

matter T The inertia, or vis inertia;. What for the second law ? The
inertia. What for the third law ? Still the inertia. Consequently,

this inertia is literally nothing but an expression of the incapability of

matter to obey any other laws except thoee which it really does obey

;

and the policy of admitting such a term is not merely a question of

mechanics. Need we accompany every fundamental term of every

science by another, which merely expresses that there must be some
reason why the thing signified has the collection of properties which
it is found to possess, and not any other ? We think the answer must
be in the negative, in which case the word matter itself may be sub-

stituted for inert substance, the two phrases being perfectly inter-

changeable in every work on mechanics. [Motion, Laws ok.]

If the word inertia be admitted at all sm one of distinction, it must
be to separate the object of geometr)' from that of mechanics. In the

former we consider space only, that is, bounded portions of space : in

the latter we suppose this bounded space to have inertia. But the

distinction is quite sufficiently made without the introduction of a
synonymic In geometry we consider space without reference to the

question, whether the space be vacuum or matter ; in mechanics we
consider matter.

Thus much for the use of inertia in a scientific sense : in many
popular writings we find it appUed as a sort of explanation of the
properties of matter, which ore so and so bteaiue matter has inertia.

Since this vicious application of words is not by any means confined to

the case before us, it is needless to enlarge upon it.

There is one use of the word inertia which is convenient and harm-
less, namely, as part of the phrase moment or inertia. If we
imagine a material system which admits of revolution about a fixed

axis, it is obvious that the more closely the matter of which it is

formed is collected about the axis the less resistance will be offered to

the production of rotatory motion. The law of this resistance will be
explained in the article alluded to.

*

INFAMY (from the Roman Infamia) in English law is not easily

defined. Certain offences were formerly considered of so heinous a
nature that conviction and judgment for them rendered a man
infamous and incom|>etent to be a witness. But the endurance of the

punishment, or reversal of the judgment, restored a man's competency
OS a viitnoss. The 9 Qeo, IV. c. 32, § 3, enacts, that when a man con-

victed of a felony shall have undergone the legal punishment for it,

the effect shall be the come as a pardon under the Great Seal ; and

(§ 4) no misdemeanour, except perjury or subornation of perjury, shall

render a man an incompcteut witness after he has undergone his

ptmishment. The 6 ft 7 Vict c. 85 (introduced into the House of

Lords by Lord Denman, and carried into law after great discussion)

was the Act by which many of the old abuses in our rules of evidence

were remedied, and the views of the advocates of reform were carried out.

This Act, which is entitled 'An Act for Improving the Law of Evidence,'

after remarking on the obstructions in th« way of eliciting truth in

courts of justice owing to incapacities created by the existing law, and
the desirability that those who have to decide on the facts in issue

should exercise their judgment on the credit of the witnesses, enacts

that no person offered as a witness is to be excluded on account of

inc^MMsity from crime or interest from giving evidence, either in

perKn or by deposition, on the trial of any issued joined, &c., but that

every such person may be admitted t<j give evidence on oath or affirma-

tion, notn ithstandiiig such )>erson may have been convicted of any
crime or offence. [Evidence.]

Certain offences enumerated in the 7 & 8 Geo. IV. c. 29, S 9, are in-

famous crimes, with j^ference to the provisions of that Act Though
infamy does not disqualify a man from being a witnem, it may be urged
as an argument against his credibility, for, as an American judge has said
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" It is perfectly safe and most conducive to the purposes of justice, to

trust the jury with a full knowledge of the standing of a witness into

whose character an inquiry is made. It will not thence follow that from
minor vices they will draw the conclusion in every instance that his

oath must be discredited, but only be put on their guard to scrutinise

his statements more strictly, while in cases of vile reputation in other

respects they would be warranted in disbelieving him, though he had
never been called so often to the book as to fix upon him the reputa-

tion of a har when on oath." (Hume v. Scott, 3 A. K. Marshall,

261.) As to this branch of the English law of evidence, see Taylor on
Evidence, vol. ii. §§ 132—1328; and Best on Evidence, 2nd edit.,

pp. 184—187.
The only satisfactory definition of infamy would be a permanent

legal incapacity to which a man is subjected in consequence of a con-

viction and judgment for an ofi'ence, and which is not removed by
sufTering the punishment for the offence. By 2 Geo. II. c. 24, § 6,

persons who are legally convicted of perjury or subornation of perjury,

or of taking and asking any bribe, are for ever incapacitated from
voting at the election of members of parliament ; and by 17 & 18 Vict.

c. 102, 8. 6, it is enacted that after a conviction of any person, if a
voter, in a court of law for bribery or undue influence, or after judg-

ment in a penal action for bribery, treating, or undue influence, the

revising barrister is to exptmge the offender's name from the list of

voters, to disallow it when sought to be inserted there, and (in either

of the last two events) to place it in a list to be entitled ' The List of

Persons Disqualified for Bribery, Treating, or Undue Influence.' Such
persons are therefore infamous : they labour under infamy, and have
lost part of their political rights.

The Roman term Infamia is the origin of our term infamy. Infamia
followed in some cases upon condemnation for certain offences in a

judicium publicum ; and in other cases it was a direct consequence
of an act, as soon as such act became notorious. Among the cases in

which Infamia followed upon condemnation, were, insolvency, when a

man's goods were taken possession of by his creditors in legal form
and sold ; the actio furti, and vi bonorum raptorum : actio fiduciic, pro

socio, tutelae, &c. In all these cases a judicial sentence, or something
analogotu to it, was necessary, before infamia could attach to a person.

Among the cases in which infamia followed as an immediate con-

sequence of acts which were notorious are the following : the case of a

woman caught in adultery, of a man being at the same time in the

relation of a double marriage, of prostitution in the case of a woman, or

of a man or woman gaining a living by aiding in prostitution.

Savigny, in his review of the different circumstances which led to

the penalty of infamy among the Romans, points out two elementary
principles common to them all. First, that infamy always attached to the
pmonal act of the individual declared infamous ; secondly, that it was
in consequence of his act and not owing to the nature of the penalty,

that the offender was adjudge<l to be infamous. (D. 3, 2, 22.)

The consequence of Infamia was incapacity to obtain the honours
of the state, and probably the loss of the suflrage also ; and it was
(lerpetuaL The infamia was still a citizen (civis), but he had lost his

political rights. The in&mons man was also imder some disabilities

as to his so-called private rights. He was limited by the Prsctor's

edict in his capacity to postulate (that is, take the initial measures
for asserting or defending his rights in legal form), to act as the

attorney of another in such cases, to be a witness, and to contract

marriage.

The rules of the Roman law as to Infamia are chiefly contained in

the ' Digest,' iii. tit. 1 and 2, and Code, ii tit. 12. In addition to these

texts contaijied in the Corpus Juris Civilis, the reader is referred to

the old fragmentary Roman law called the ' Tabula Heracliensis,' pub-
lished at Rome about the year 709, under the name of the Lex Julia

Municipalis, which will be found to bear upon the authorities above
referred to.

(See Savigny, /%<<<Mi» du heut. Rom. RechU,\i. § 76-83 ; Becker, i^oiwi-

huch der R6m,. Alterthumer, iL 121 ; Puchta, Institutionem, ii. 441

;

Muhlenbruch, Doctrina Pandeclarum, vol. ii. §j 189 et teq.)

INFANT, a person under the age of twenty-one, whose acts are in

many cases either void or voidable. As a general rule, an infant cannot
make any binding contract, though to this there are some exceptions :

thus an infant may bind himself to pay for his necessary meat, drink,

apparel, physic, and such other necessaries, and likewise for his good
teaching and instruction. But where an infant is living in his father's

house and under his care, he is not liable even for necessaries.

Necessaries for an infant's wife are necessaries for him. Infants are

also incapacitated from making a will.

It should also be observed, that an infant, how young soever he may
be, and even a child ii) the womb, or, as it is technically expressed, eii

rmtn M mere, may be appointed an executor ; but the statute 38 Geo.
III., e. 87, (li«iu.ilifieH an infant who is appointed title executor from
exercising the office during his minority ; and administration with the
will annexed must be granted to the infant's giurdian, or to some other
lierson, until the infant is of full age.

An infant en ventre sa mere is supposed in law, for most purposes,
to be a person in being. Thus he may take an estate, and the taking
away of his life may amount to homicide.
INFANT HEIR. [Hmb]
INFANT SCHOOLS. [Schools.]

INFANT WITNESSES. [AoE.]
INFANTICIDE. The practice of putting infants to death has'

existed from the remotest periods on record, though the motives for

the act have somewhat varied. In some at least of the states of Greece
the destruction of those who were bom weak or deformed was either

commanded or allowed. In Rome children were exposed or put to

death, not only with the view of removing those who might throughout
life have remained a burden to their friends and useless to the state,

but to prevent the too rapid increase of the population. The propaga-
tion of Christianity first checked the practice; and in a.d. 315,
Constantine the Great provided for the maintenance of the offspring of

those who were themselves destitute. Infanticide prevailed however
to a slight extent till the reign of Valentinian, who " included such
murders in the letter and spirit of the Cornelian Law." (Gibbon,
' Decline and Fall.') Among the contemporary barbarous nations, the
same motive, and the sacrifices required for their deities, induced the

same crime.

In modern times, the practice, though it is not anywhere sanctioned

or commanded by law, is yet permitted in many countries. In China
a large proportion of the female population are put to death as soon as

they are born. Among the Hindus it was practised to a very great

extent, till the Marqius of Wellesley, when appointed Governor-General
of India, used every possible exertion to put a stop to it. By the
perseverance of Major Walker and others his endeavours were suc-

cessful, though unhappily for only a short time, for Bishop Heber tells

us that " since that time things have gone on very much in the old

train, and the answer made by the chiefs to any remonstrances of the

British oflicers is, ' Pay our daughters' marriage portions, and they
shall live.' " (' Narrative of a Journey in Upper India,' and ' Hindu
Infanticide,' by E. Moor, F.R.S., 1811; iucluding Walker's 'Report.')

On the islwd of Ceylon, Heber also remarks th,at in 1821 "the mimber
of males exceeded that of females by 20,000 ; in one district there

were to every hundred men only fifty-five women, and in those parts

where the numbers were equal the population was almost exclusively

Mussulman." Here also, as in Hindustan, the difficulty and expense of

educating female children, and the small probability of their marrying
without some dowry, while a single life is deemed disgraceful, aie the

motives leading to the perpetration of the crime. Amongst the

Mohammedans the practice is not discountenanced, though the

necessity for it is greatly lessened by the Jiabit of producing abortion,

which almost universally prevails. In the numerous islands of the

Pacific, infanticide is practised to such an extent, that some of them
have at times, when pestilence has contributed its influence, been nearly

depopulated. When Cook visited Otaheite, ho found its population

to be upwards of 200,000 ; but in the early part of this century it was
reduced to between 5000 and 6000, and this principally from the

practice of murdering their offspring. Mr. ElUs (' Polynesian Re-

searches ') says that he docs " not recollect having met with a female

in the island, during the whole period of his residence there, who had
been a mother, while idolatry prevailed, who had not imbrued her

hands in the blood of her offspring." We have similar accounts from
nearly all the northern parts of America, from Hudson's Bay, Labrador,

Mexico, Ac. ; but it is most gratifying that in all, one of the first and
greatest blessings which have followed the introduction of Christianity

and civilisation has been the decrease or complete cessation of this

abominable custom.

In more civilised lands, although infanticide is regarded with the

deepest abhorrence, and is visited with the extremest severity of the

law, the expense and trouble of maintenance, and the fear of shame and
loss of reputation, are motives sufficiently powerful for the occasional

perpetration of the crime.

It is one of the most difficult questions of medical jurisprudence to

discover and establish the murder of a child lately bom. The chief

lK)ints for decision are, Ist, whether the infant, the subject of inquiry,

was bom dead or alive ; and 2nd, whether its death was the result of

violence or of natural causes.

To establish the former point it is necessary to prove first that the

infant was not bom before the end of the sixth month after con-

ception, because before that time a foetus cannot be deemed capable of

maintaining an independent existence, or to be what is called viable.

This being proved from the size and form of the child, the decision

whether it were bom alive or not must generally rest on the condition

of the lungs and heart, in which certain remarkable changes are pro-

duced as soon as respiration in the air has commenced. In the foetua

in utero and in the still-bom child the lungs are of a dark purphsh or

chocolate colour, nearly like that of the liver ; they are small, and
occupy only a small part of the cavity of the chest, in which they lie

close against the spine ; they have a firm solid consistence, like liver,

and their edges are sharply lobed. In the child which has breathed

the lungs are of a florid red or rosy hue ; they nearly fill the chest, and

are found on opening it to be almost in contact with its front wall

:

their substance is soft, spongy, and light—they crepitate or crackle

when pressed, frothy fluid may be squeezed out from an abundance of

minute cellules, and their edges and lobes, instead of being shaq), are

smoothly rounded off. If the child has breathed fully for some

minutes after birth, theae characters will generally be sufficient to

decide the point in question, but in more difficult cases the weight of

the lungs and their specific gravity require to be examined. At the
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ma time that the tir ontcn Um Imigt in mention, • much brger
Qouitity of blood it aent to them from the oaart than bul before

ouvuUted through them, and they therefor* become oonaiderebly

bwrier. Ploucquet baa on thii ground propoaed what ia called the

Static Lung Teat, vbich is applied by comparing the abaolute weight of

the lunge with that of the whole body. Bj aubaequent obaenrere it baa

been determined that the weight of the lungn of Htill-born children ia

aomewhat leaa than ^^ of that of the whole Uidy, and that of the lungB

of childno that have breathed, rather more than ^ Thia difference,

though not auiBcient to make thia teat by iUeU decudve, is yet of much
importance as an addition to other evidence, and ia especially to be

oonaidared in connection with the hydrostatic test, which ia founde<l

on the apedfio grarity of the hinga. As the air and blood enter the

lungs at the same time, their relative weight is diminished, although

their abaolute weight is incresaed ; so that a portion of the lung of a

stiU-bom child ia neavier than'a portion of the same aize from a child

which baa breathed. The former is heavier, the latter lighter than

water ; and benoe a simple test is obtained by observing whether the

lungs of the infant under ex-MninAtion will Boat or sink when thrown

into a vessel of water. When carefully employed, these two tests

cannot &il to decide whether the child has breathed or not, but there

are circumstances which may in some degree obscure the evidence to

be drawn &t>m them. First, there are tboae circumstances which may
cause the lungs of a child which has never breathed to float in wator.

A certain degree of putrefaction may do this, by the quantity of gni<

which is generated in their tissue. This however cannot take place

until the whole body of the infant is extremely putrid, for the lungs

are amongst the organs which remain longest unaltered after death.

Nor could a competent person fail to discover the difference between

lungs rendered light by putrefaction and those which had breathed
;

tiie former present large bubbles of gas on their surface, which may be

squeeied out by pressure under water, and when this b.is been done,

the portion of lung to which they were .ittached will iuinicdiately .sink.

In some very rare caaea emphysema of the lungs is produced during

birth, but tus also can at once be known by the air being contained iu

large bubbles, from which it may be pressed out. Lastly, the lungs

may have been artificially inflated after death, but in this case the

alteration of colour and volume, though produced in the same manmer
as in natural respiration, are only partial; some portions of the lungs

are spongy and ruddy, but others are solid and Uvid. All the doubt
that might arise from any of these circumstances may be removed by
cutting up the lungs into small portions and squeezing each piece

firmly under water : if natural respiration has been performed the
"""It*** portion of lung, unless torn by the continued pressure into

mere shreds, will continue to float ; but in every other case the air

may be ao completely expelled that every portion will sink. In no

caae moreover, except where natural respiration bos taken place, will

tha abaolute weight of the lungs be increased ; for in no other does

tha increased flow of blood from the heart take place.

On the other hand, there are very rare cases in which, though the

child was bom alive, the lungs will not float. They may be diseased,

or tha infant may have been too feeble to breathe completely, but in

both theae caaea the aama plan of cutting each lung into small pieces

and taating each will remove all doubt, for there will be at least some
portioiia into wliich the air baa entered aufficiently to inflate them
completely. The atatic and hydroatatic tests therefore, when carefully

employed togetliar, will prove whether the child have breathed, but
they afford no evidence as to whether it was murdered or not. For it

may have breathed during birth, and have died before it was com-
pletely bom ; or, on the other hand, it may have lived for a short

time without breathing. Theae caaea are however exceedingly rare,

and their occurrence ia ao clearly indicated by the .ipiMiarances found
on tha body, that they rarely embarrass the evidence that is given.

Tba aigna of a child having lived after birth, which ore to be found
in the heart and other parte, afford no positive information vmleaa life

haa continued for at least a day, and then the lunge alone will always
suffice for decidon. We need not here consider the evidence required

to prove whether a child bom alive waa murdered, or died from natural

oauaea, for it must be similar in all respects to that which is necessary

in eaaaa of homidde. [Homicide.]

Law rdtUing to InfanHeuU.—If the reault of the evidence be that

the child was bora alive, and that it waa deatroyed, the offence is

murder, and jmnisbable aooordinglv. [Mcroer.] If a woman be
quick with child (that is, if she haa felt the child move within her), it

is a felony if she take, or any person administer to her, or use any
means to procure abortion, and ia punishable by penal servitude for

life.

The murder of bastard children by the mother was considered as a

crime ao difBoult to be proved, that the atatute 21 James I., c. 27,

mad* tha concealment of the dtaih of a baatard child abaolute evidence

that it bad been murdered by the mother, except abe could prove, by
one witoeas at least, that it had been actually bom dead. This cruel

Uw waa mitigated by the 48 George III., c. S8; and now, by the

statute 9 Oeoige IV., c. 31, «. 14, ihe concealment of the IxMJy of n

bayard child ia declared to be a misdemeanour, and made punishable

by imprisonioant for any term not mrneeding two yean, with or without

hard labour.

Theae are the rognlationa of the Engliah law directly deaigned to

prevent infanticide. There are however institutions in this country,
as well aa many other European countries, which have b«en founded
with the view of restraining the commission of the crime, of which an
account is given in the article FoDKDUiia Hospitals : but the lustoiy

of theae eatabliahmenta ahowa that though they may have rendered
infanticide leas frequent, they have by no meana totded to preeerva

the lives of illegitimate children ; for in all of them, except the London
Foundling Hospital, which is a comparatively wealthy establishment,

their recrads show an astonishing amount of mortality, in some caaea

ns high OS eleven-thirteenths.

INFANTRY is a name given to the soldiers who serve on foot> It

is immediately derived from the Italian word/aii/f, which, though in

8trictne88 denoting a child, is in general applied to any young person.

From the latter word comea fantaceino, and thiH is the origin of /a»-
tojain, a name which waa once ao commonly applied to a foot-soldier.

During the time that the feudal polity was in ngour the numerous
dependants of the nobility served in the wars, for the most part, on
foot ; and being called duldren, because they were so oonsidered with
respect to their patron lorda, or to the towns &om whence they were
drawn, the word infantry became at length the general name for that

species of troops. Bocrauxao, who wrote in the 14th century, deai^
nates by the word fanUria the men who marched on foot in rear M
the cavalry.

Among the ancient nations of Europe the foot soldiers constituted

the chief strength of the armies. In the best days of the Grecian and
Roman states battlea were mainly won by the force and discipline of

the phalanges and legions, and the number of the in&ntry in the field

far exceeded that of the cavalry. The cavalry were then, as at present,

employed chiefly in protecting the wings of the army and in com-
pleting the victory which had been gained by the infantry. It may be
remarked also that most of the writers on tactics, from Folard down-
wards, express a decided preference in favour of the infantry.

The French historians agree that the .-uicient Franks, when they left

the forests of Germany, were accustomed tu march and fight on foot ;

and they persevered in this practice even after they bad obtained
possession of the country of the Gauls, which abounded with horses.

In this country also the greater part of the Anglo-Saxon forces oon-

sisteil of infantry, the cavalry being formed of the thanes, or rich

proprietors of the land : the infantry were divided into heavy and
light armed troops ; the former being provided with swords and apeara

and large oval shields, and the latter having only spears, clubs, or

battle-axea.

But soon after the time of Charlemagne the institutions of chivalry

began to be generally adopted in the kingdoms of Europe. These led

to frequent and splendid exhibitions of martial exercises on horseback

in presence of the sovereigns and assembled nobles ; and the interact

inspired by the achievements of the knights on those occasions waa
naturally followed by a high regard for Uiat order of men. By degreea

the cavalry, which was composed of persons possessing rank and pro-

perty, and completely armed, acquired the reputation of being the

principal arm in war ; and the foot soldiers, ill armed and disciplined,

were held in comparatively small estimation.

From the capitularies of the French kings of the second race it

appears that the foot soldiers who served in the armies of France con-

sisted of slaves and freed serb: the latter were either pe.isants or

artificers, who, for the benefit of the army, occasionally exercised their

particular trades, as shoeing horses, forming intrenchuients, &c. ; and,

in action, like the men of the inferior clam, were employed as skir-

misbers or light-armed troops. Similarly the infantry of this country,

for some time after the Conquest, consisted of the yeomanry, vaasala.

and dependants of the feudal tenants ; and occasionally foot soldiers

were engaged by the kings, under indentures, to serve in the wars.

The Engli«h troops at that time wore a plain iron helmet called a
bascinet, and a linen doublet stuiTed with wool orjcotton ; their arms
were generally jiikes, but frequently they had swoids and battle-axes.

Under the third race of kings in France the posaeasora of fleb were
not compelled to furnish infantry for the armies ; and it appears that

this duty was then imposed on the towns. The troops thus raised

were obliged to serve only in or near the towns to which they belonged

;

or, if they were marched to a considerable distance from thence, they
received pay. In the reign of Philip Augustus this militia must have
been very numerous ; for in some districts it was formed into legions,

and waa commanded by persons of distinction. At the battle of

Bovines (1214) the municipal militia formed the first line of the French
army, but it was defeated by the German infantry which was more
numerous, and even then of better quality, than that of France.

In 1448, Charles VII. instituted the militia denominated Francs
Archert, which consisted of 16,000 foot soldiers armed with bows.

But this body existed only about 40 years, when it was suppressed by
Louis XL, who formed a standing army of 10,000 French infantty, to

which were joined 6000 Swiss; and subsequently Charles Till, added
a large body of Lansquenets, or German infant)^. The reputation of

the native troops in France seems to have been then at a low ebb ; for

Brant/)me, in his ' Disooura dea Coloneln,' dvsorilies them as being

mostly the refuse of society—men with matted Imir and beards, who
fur their crimes bad had their shoulders branded and their ears cut off.

On the other hand the Swiss soldiers were inured to discipline ; they

were protected by defensive armour and formed into deep battalions,
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in which state they were able to render the shock of cavalry entirely

unavailing. Large divisions of these troops accompanied the army of

Charles VIII. into Italy, in 1494, where their good conduct and dis-

cipline greatly contributed to raise the reputation of the infantry to its

ancient standard.

The superiority of this class of troops consists in their being able to

act on ground where cavalry cannot move ; and it is obvious that the

latter must, at all times, have been nearly useless in the attack and
defence of fortified castles or towns. Even when the cavalry were held

in the highest estimation it was sometimes found convenient for the

knights to dismount and act as infantry. Froissart relates that at the
battle of Creasy the English troops were formed in three lines, con-

sisting of men-at-arms who fought on foot and were flanked by archers.

At Poitiers and Agincourt also the men-at-arms engaged in a similar

manner.
The Spanish soldiery, probably from being almost constantly en-

gaged in warfare with the Moors, had early acquired considerable

reputation ; and the gallantry of the troops on foot, in keeping the field

after the cavalry had retired, has been supposed, though this opinion

of the origin of the name is now rejected as fanciful, to have been
commemorated by the designation of infantry, which was bestowed
UfKin them, it is said, in consequence of their having been headed on
that occasion by an Infanta of Spain. The great share which the

Spanish forces had in the wars carried on both in Italy and Flanders

during the reigns of Ferdinand, Charles V., and Philip II. ; their

steady discipline, and the success which resulted from the association

of musketeers with pikemcn in their battalions, caused the infantry of

Spain to be considered, during many years, as the best in Europe. But
the rivalry in arms between the Emperor Charles V. and Francis I. of

France, and the connection of Henry VIII. of England with both, led,

in the several states of those monarcbs, to the adoption of the i: iprove-

raents which had been introduced by the Spaniards. It may be added
that the practice of keeping up standing armies composed of men
trained in the arts of war under a rigid system of discipline, together

with the universal adoption of the musket, has now brought idl the
infantry of Europe to nearly the same degree of perfection.

In 1859 the English army numbered 86,983 infantry troops, exclu-

sive of engineers and artillerjrmen, many of whom serve on foot;

besides those serving in India, under the name of the East Indian
Army.
INFECTION is the contamination of the atmosphere or other inert

substances by the deleterious or offensive qualities of malaria, the
matter of contagion, effluvia from putrid animal or vegetable sub-

stances, tc. Some of these are at once recognised by the smell, or by
chemical analysis, but the presence of others is known only by the
diseases which they produce. The same means however may be
applied in many cases for preventing the injurious effects of both
clasies.

The most important and valuable method of disinfection is ventila-

tion, and, whatever other may be added to it, this should never be
neglected. The apartment, or whatever requires to be purified, should
be exposed to a constant and free current of fresh air, till every trace

of odour is completely expelled, or as long as any emanation is going
on. The reputation of chlorine, acids, lime, charcoal, &c., as dis-

infectants, dei>ends on their property of decomposing the offensive

gases which are so often mixed in the atmosphere with the matter of

infection, but it is questionable whether they have any influence on
the infectious particles themselves. However as the emanations from
putrid substances render the body peculiarly liable to the reception of

infection, some of these means should be employed where any offensive

smell is present. Fumigations with aromatic substances, as camphor,
kc, are perfectly useless, only serving to conceal the smell, but having
no influence either on it or the infectious particles. Perfect cleanli-

ness 'is of the greatest imp<jrtance ; every portion of the room or hou«e
should be carefully and fretjuently washed with hot soap and water

;

clothes and everything removable should be immersed in hot water,

and after being well washed should be exposed for a long time to the
open air, or sprinkled with chloride of lime ; the walls and ceilings

Kbould be whitewashed, and Ijcds, bedding, 4c., cleaned and exposed in

the open air. Dr. Henry has rendered it probable by numerous ex-

]>eriment8 that the infectious qualities of substances which cannot be
conveniently washed, as trunks, packages of valuable merct^iudise, &c.,

may be sufficiently destroyed by exposing them to a diy heat of 200°

for 9ot less than an hour.

The following are some of the agents which are employed for the
purpose of destroying infectious matters of various kinds :

—

C'hiurine.—This gas has a great aftinity for hydrogen gas [Ciilokine],
and aa the latter forms so conspicuous an element in infectious com-
pounds, they are destroyed when exposed to the agency of chlorine.

Chlorine is especially applicable where infectious substances exist in
the atmosphere. It may be employed by generating it from the
decomposition of common salt with peroxide of manganese and oil of
vitriol, or by mixing red lead with dilute muriatic .icid. These pre-
parations however re<{uire caution, and the more common plan is to
use the solutions of chlorinated lime or soda. These solutions may be
applied to floors, and vessels may be rinsed out with them. They
may be diluted and linr-n rinsed out in them.

Permaii'janata of todii and jiuUuh.—These substancaa are powerful

oxidisers. Wherever animal and vegetable matters exist in a state of

decomposition, they oxidise the hydrogen and nitrogen, forming nitric

acid and water. They are sold under the name of " Condy's disinfect-

ing fluid," and are exceedingly useful where solid or liquid infectious

matters have to be dealt with. They speedily render the matter of

cesspools, drains, and sewers, perfectly innocuous. They may be also

employed for the purification of water, and by their action on organic

matters, can be employed as a test for the piu'ity of water. The dis-

infecting quality of permanganic acid depends on the presence of ozone

in this acid, which is readily given up to the organic matters \\'ith

which it comes in contact.

Chloride of zinc.—This substance has the power of arresting change
in decomposing animal and vegetable substances, and may be employed
for this purpose, but it does not act so perfectly as the foregoing

substances.

Perchlaride of iron.—^The salts of iron have all a great power of

combining with organic matters, and arresting the progress of decom-
position, and also of destroying infectious matters. It is one of the

cheapest substances that can be employed for disinfection on a large

scale, and is the compound recommended to the Metropolitan Board of

Works for deodorising the Thames.
SiUphurom acid.—This acid is formed by leaving sulphur in the

open air, and acts as a disinfectant by combining with oxygen, and
becoming converted into sulphuric acid. It cannot however be used
in rooma where persons are breathing on account of its suffocative

action.

SalU of various kinds arrest decomposition, as nitrate of potass,

chloride of sodium, sulphate of zinc, &c., but are not to be recom-

mended as disinfectants.

Coal tar, Oreatote, and Carbolic add have all a power of combining

with animal and vegetable substances and preventing their decompo-
sition. Creasote is especially recommended to prevent the smell from
cancerous sores.

INFEFTMENT, in the law of Scotland, from the same origin aa the

English term feoflinent, expresses the ceremony by which a person

succeeding to another by descent, settlement, or conveyance, is invested

in any heritable or real property. This ceremony was, until quite

recently, as pure a feudal usage as it ever had been in the days when
the almost universal inabihty to write suggested symbolical modes of

changing possession. A number of f)er8ons had to proceetl to the

ground, consisting generally of the solicitor who prepared the titles,

and his clerks, who had the following parts to act. One was the bailiif

of the superior, and a commission authorising him to act in that

capacity was r«id over. Another party acted as the procurator or

representative of the purchaser. The bailiff lifted some fragments of

earth and stone from the soil and handed them to the procurator, as

symbols by which, according to the authority given to him, he made
over possession of the lands to the new owuer. The receiver of the

symbols then placed a coin of the realm in the hands of another party,

who must have been a notary public—this being the form in which a

protest is taken in the hands of a notary in Scotland. Two other

parties acted as witnesses. The ceremony, with the authority on which
it proceeded, was narrated in a deed called an instrument of sasine, in

which the notary publicly attested the transaction. The preservation

of this cumbrous ceremony down to so late a period was owing to its

connection with the «lmirable system of registration which has kept

the commerce in real property in Scotland on so clear and secure a

position ; for the whole ceremony went for nothing unless the instru-

ment were recorded in the Register of Sasines within sixty dtiys after

the ceremony. This registration was, and in modem usage is, the

criterion of preference ; for the person whose sasine is first registered

has the absolute title, all questions as to the fairness of the transaction

being pecuniary questions to be settled apart from the title to the

lands. The cumbrous ceremony mentioned above has been rendered

unnecessary by modem legislation. Conveyances and other deeds are

now, in most cases, registered themselves : the public registration of

the deed, or of instruments setting out the nature thereof, or other-

wise analogous to the instrument of sasine, coming in place of the

infeftment and registration formerly in use.

INFINITE, INFINITY, INFINITESIMAL, INFINITESIMAL
CALCULUS. The word infinite is literally " without bounds," and

when applied in an absolute sense to magnitude means that its quantity

is utterly unlimited, so that there is no conceivable and determinable

magnitude but what is less than the infinite magnitude.

The notion of infinity is therefore at first purely negative, but it

does not long remain so : for we are forced upon what we take the

liberty of calling a definite notion of infinity, by our consideration of

time, space, and number. We cannot, if we would, annihilate our

conception of space, or confine it within cei-taiu limits ; nor can we
suppose duration to have an end. Even if we imagine our own annihi-

lation we cannot rid ourselves of the idea of something else existing,

with the permanent c(;nception of unbounded space and time. If we
try t > conceive all sentient existence at an end, we know from reasoning

that it may be wo ought to suppose also the annihilation of space and

time ; but the constitution of our minds will not permit it, and so long

as we exist to think, even about our own non-existence, the reality of

space and time will prevent our conceiving their destruction. Whether
the preceding be good or bad metaphysics is perfectly indifferent in an
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srticU on the lue of Um word infioiU) in the exact acience* : Uia ideas

azpraawd, true or ttiae, are thuae which will, in the fint iiutaocc,

pnwot themaelTea to this mind ; and those who object to one method

of expreeuon will embody the «me thought! in anoiher.

The other extreme in the scale of quantity ii the perfect abeenoe of

all magnitude, expreand in tlM word " nothing " or tlic technical term

"itfoT It ia iiiiriwnr to treat the two together in mathematical

leaaoning, ainoe all difficulties which belong to the one term belong

equally to the other. We have alao to conaider the words " infinitely

small " as well sa " infinitely great.''

There are three distinct methods of proceeding in regard to the

employment of these terms in mathematical reasoning. Firstly, we
baTe thoae who would use the words " infinite " or " nothing " in their

absolute sense, relying upon the reality of the conception which they

hare of the things signified by them. Secondly, there are others who
woold entirely faaniso the use of the words, because in their abaolute

anae they do not tepreaent assignable magnitudes. Thirdly, others

admit the use of the words, guarding them by definitions which point

out the prooeasea in the egression of tiie results of which they may be

Muployed.
'To the first it is answered that the abaolute use of oo and (the

mathematical symbols of infinite magnitude and absence of all mag-
nitude) in the same manner as symbols of definite quantity, is extremely

hMe to lead to error ; which was never entirely avoided by the advo-

cates of this system, except by abandoning their theory, and applying

in practice the msTims alluded to under the third of the preceding

heada. The absurdity of an abaolute and tmrestricted use of these

terminal symbols may be very easily shown, if it be maintained that

they are to be used precisely as other symbols. For example, it will

readily be conceded that if a times x be y. and if b times x be y, then

a and 6 must be equaL Now twice an infinite magnitude is infinite,

'and three times an infinite magnitude is infinite, therefore 2 and 3

must be asserted to be equal. The advocates of the unrestricted use

of 00 snd avoid such results by a method of selection which amounts
to keeping within the definition presently to be noticed.

To the second of the three sects above mentioned it may rc-wlily bo
conceded that they have a right to refuse any branch of matlieinatical

reasoning, so far as themselves only are concerned. But we deny that

the code of mathematical controversy contains any such axiom as that

".mathematics is the science of assignable magnitudes only," by which
to claim the submisaion of an opponent. The general rule is, that

mathematical demonstration exists wherever there is logical deduction

from universally obvious «"»•""»« with respect to magnitude. Nor
does the word " universally " here mean that such maxima must have
been obvious to every individual of the htunan race. If so there

would be no such thing as mathematical demonstration : for there

have been found instances in which |>enions have denied that the sum
of all the parts makes up the whole. It would not be very easy to lay

down a rule by which it should be determined what fraction of dissent

is fatal to an axiom, but the following appears to us to be the practice.

When any individual who has been suctxssful in advancing the mathe-
matical sciences, and whose talent and originality are widely known,
disputes what is usually received as a first principle, it is customary
for subsequent writers on the same subject to preserve his objections,

and place them before the reader. If two or three such persons unite

in an objection, the fact of there being a majority of the same class on
the other side would not save the principle attacked from being con-

idered as dubious. All differences which affect results are very soon
settled ; but those which only array one mode of attaining a certain

oondusion against another, depending as they do for the most part
npon the manner in which fundamental and indefinable terms are

undentood, are generally iieri>etuat«<l from one age to another. Now
it is a proposition which is very rarely disputed, that the science of
mathematics is conversant with more than assignable magnitude, and
that the notion of infinity, though requiring to be used with care, is

one with regard to which sound and obvious maxims of reasoning may
be laid down.
We proceed to state these principles, that is, to enunciate the method

followed by the third of the sects mentioned If we look at the man-
ner in which we derive the notion of infinity, we shall not find any one
who imagines that he absolutely grasps infinite space, time, or number,
by one single and independent conception of his mind. To space,

a|ieoe may ba added, to this again space may be added, and so on with-
out limit, until the space thus accumulated is greater than any definite

mos [IxotnirrrB] which was named at the outset of the process.
From thence comes the notion of infinite : we cannot imagine the
maleat possiUs space, because any space, however great, being dis-

anAly conceived, we can as distinctly conceive a greater. Consequently
the idiiase " space is infinite," whatever more it may imply, certainly
hmj be allowed to stsnd for an abbreviation of the preceding two
Mntaoces. And in like nuumer, if we see a conclusion—which we can
nearlv attain hj the use of a large magnitude, more nearly by the use
of a larger, and so on without limit, that is to say, as nearly as yon
plsase, if we may use a magnitude as large aa we please, but which is

nerer absolutely attained hj any magnitude however great—then such
ooDeluaion may be said, for abtneviation, to be absolutely true when
the msgnitude is infinite. It Atay appear to some ss if the conclusion,
under the preoeding circumstances, is really true when the magnitude

is infinite : this may or may not be the case, but the mathematical use
of the word infinite does not require the question to be raited. The
oonvention under which that term is introduced demands that the

preoeding conditions shall be fulfilled, and excludea the word whei ever

they are not fulfilled : those who think that the fulfilment of the con-

ditions makes that which we call a oonvention a necessary consequence,

meet on common groimd with those who would reject the ubholute

notion of infinity. "The former are allowed their own words, and their

own result, together with their own method of arriving at it ; the

latter are not required to use the word infinite, except as an abbrevia-

tion : to the mere collocation of the letters which compose that word
they can hardly object, imd the conditions of its introduction are

precise and intelligible. We sh<ill now give a few instances of the

development of propositions in which the word infinite appears.

1. When z is infinite, a is equal to B. This may be said in abbre-

viation of the following :—^^^len t is great, a is nearly equal to B ; a
may be made as nearly equal to B as you please if we may take z as

great as we please ; but no value of z, however great, will make A
absolutely equal to B.

2. A finite quantity x, divided by an infinite quantity, is nothing.

If J- be divided by a comparatively great quantity, the quotient is

small ; this quotient may be made as small as you please, if we may
take the divisor as great aa we pleaae ; but no divisor, however great,

will make the quotient absolutely equal to nothing.

3. Every circle is a regular polygon of an infinitely great number of

infinitely small sides. An inscribed polygon of a large number of

small sides nearly coincides with the circle ; a polygon may be made to

coincide with the circle as nearly as you please, if its number of sides

may be as great as we please, and their lengths as small as we please

;

but no polygon, however great ito number of sides, and however small

the sides, can absolutely coincide with the circle.

4. 'When x is infinite a and B are both infinite ; but a is infinitely

greater than B. This may be said when if x increase, a and b both
increase, so that a and n may both be made greater than any quantity

you name, provided we may make x as great as we please : provided
also that a increases faster than n, so that when you name any number,
however great, we, being allowed to make x as great as we please, can
make a contain b more than that number of times.

5. When .r=a, z is infinite. This may be said when z is great if x
be nearly equal to a, and may bo made as great as you please, if x may
be made as nearly equal to a as we please : provided that, however
near x may be to a, z has still an assignable value.

The preceding insUinces are sufficient tti show what is meant when
the terms " infinity," " infinite," or " infinitely great," appear : we now
proceed to the correlatives " nothing," " infinitely small, ' " evanescent,"

ftc. The independent use of the term " infinitely small," as laid down
by some writers, is yet more difficult than that of infinitely great. If

A be an assignable magnitude, x is said to be infinitely small when it is

so small that it is absolutely incomparable to a, so that a + x and a
may be taken aa equal. Kow, unless x be absolutely equal to nothing,

this caimot be ; so that the infinitely small quantity, as thus defined,

can have no magnitude whatever. Here we seem to rest, not in an
absurd, but in a useless conclusion : for what possible benefit can arise

from inventing a new word to stand for the nothing by whidutwo
eqtuil magnitudes differ. A little further -consideration of the term
" nothing" will here be necessary.

There is one process of arithmetic which jneHs an absolute zero,

namely, subtraction. From a take a, and nothing remains. Con-
sequently, in considering the idea of the absence of all magnitude, we
usually refer it to the result of that process by which it is directly and
unambiguously obtained. But from no other process of .arithmetic

does this idea arise, except by the same train of ideas which leads us to

the use of the word infinite. We cannot, for example, obtain the
quotient " nothing " by dividing one finite magnitude by another ; we
can make the result 8m.ill, smaller, aa small as we please, but not
absolutely nothing. When tlierefore we consider an eqiuition made by
addition and subtraction of t«niis, the absolute result may be lued
without reservation : thus, 2x + 3 = a, and '2x + S - a = 0, may be
written for each other without auy particular examination of the
symbol 0. But in any other case we can only consider as the limit

towards which we approach by an interminable suoceasion of diminu-
tions, no one of which is ever final, corresponding to the interminable
Buocesaion of augmentations by which we attain the notion of infinite.

In strict analogy therefore with our former proceeding (mutatis
mutandis, we repeat our words) if we see a conclusion—which we can
nearly attain by the use of a small magnitude, more nearly by the use
of a smaller, and so on without limit, that is to say, as nearly aa you
pleaae by the use of a magnitude as small as we pleaae, but which is

never absolutely attained by any magnitude however small; then
such conclusion may be said, for abbreviation, to be absolutely true
when the magnitude is nothing. The sentences immediately following
the first occurrence of the preceding words may now be repeated,
only changing " infinite " and " infinity " into " nothing."

But in the meanwhile the term infinitely small does not appear, and
its use seems to bo Kupen>e<led by tliat of the word " nothing." And
it is tnie that " notliing," introduced under the preceding conditions,
might supply the place of an infinitely small quantity. But since
there ia an absolute use of the tt'rm " nothing," dcrivpil from subtrac-
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tion, to which the mind clings, and of which we do not find the like

in connection with the term infinity, we shall, after acme further

explanation, use the term infinitely small instead of " nothing."

Our explanation of the term infinite wiU readily show the meaning
of the following assertion ; two infinitely great quantities may have a

finite ratio. As follows :—when A and B are great their ratio may be
nearly, say that of 10 to 7 ; when they are still greater they may be

still more nearly in that ratio, and so on ; and their increase may be so

regulated that the greater they become the more nearly is their ratio

that of 10 to 7 ; or as nearly as you please, if they may be as great as

we please. Similarly, strictly remembering the preceding conditions

for the introduction of the word " nothing," we may allow of the

introduction of the following phrase :—two nothings may have a finite

ratio. This means that a and B, both diminishing together, may
diminish in such a way that when both are small their ratio may be

nearly, say that of 5 to 3 ; when they are still smaller they may be
still more nearly in that ratio, and so on : and their diminution may be

BO regulated that the smaller they become the more nearly is the ratio

that of 5 to 3 ; or aa nearly as you please, if they may be as small as

we please.

But the idea of two nothings which have a finite ratio, however
strictly defined in accordance with the preceding conditions, shocks

even many of those who can grasp the method of using the word
" infinity." The absolute nothing of subtraction has possession of the

field, and it is not worth while to contest it for the use of a word. The
term " infinitely small " therefore supplies the place of " nothing

"

whenever the latter is introduced under the conditions correlative to

the conditions under which the use of infinitely gre.it is allowed. But
it must be remembered that if the infinitely small quantity thus intro-

ducol be added to or subtracted from a finite quantity it makes na
change in the latter

;
just as if it were the nothing of arithmetic. A

few instances of the development of prop<jsitions will now be given.

1. When A is infinitely small B is infinitely great. As A diminuibea

B increases, and B can be made as great as you please, if a may be taken

as small as we please.

2. An infinitely small arc of a curve is equal to its chord. The
smaller the arc the more nearly are the two in the ratio of 1 to 1 ; and
the ratio may be made as nearly as you please that of 1 to 1, if the arc

may be taken as small aa we please.

3. Of two infinitely small quantities, one may be infinitely smaller

than the other. When two magnitudes, a and B, diminish together,

the smaller they are made the greater may be the ratio of a to B, in

consequence of B diminishing much faster than a ; and it is possible

that A may be made to B in as great a ratio as you please, if both m.iy

bo made as small as we please. The sine and versed sine of an angle

are instances. Both diminish without limit with the angle ; but the
smaller the angle the greater the number of times which the sine

contains the versed sine ; and this to any extent whatever.

Infinitely small quantities thus used have been called infinitesimals,

and a succession of infinitely small quantities, each of which is infinitely

smaller than the preceding, is said to be a series of infinitesimals of

different orders. Such a series is x, x', x', 4c., in which, by making x
sufficiently small, any one may be made to contain the next as often

as we please. The infinitesimal calculus is a name sometimes given to

the differential calculus, when presented by means of the theory of

infinitely small quantities, in the manner originally propounded by
Leibnitz.

The preceding considerations refer to the substance of nearly all the

disputes which have arisen about the first principles of the differential

calculus [DiFFEBESTlAl, Calcui.ds] ; and the different systems noticed

in that article (with the exception of that of Lagrange [FuNCTloKS,
Theory op]), spring out of different views of the manner of presenting

the same idea.

In the article Angle we have taken notice of the circumstance that

an extension of the word " equal " to infinite spaces which coincide,

would allow of a proof of the well-known assumption of Euclid.

[Parallels.] Let us suppose two equal angles having their sides

infinitely extended. We have then two infinite spaces, of which it may
readily be proved that either may be made to coincide with the other

throughout its whole extent. And if any two angles be taken, and
infinite spaces be drawn, it may be easily shown that the infinite space

of the greater angle is greater than the infinite space of the less. The
comparison of such infinite spaces is therefore possible consistently

with perfect clearness in the meaning of the terms employed, and a
simplicity of reasoning which would convince any one who is capable of

the most ordinary thought. Had EucUd been accustomed to the
modes of thinking which involve the idea of infinite magnitude, under
any form whatsoever, it may be reasonably suspected that he would
have admitted the following axiom," Magnitudes which can be made
t<) coincide in all their parts are etjual," as applicable to infinite as well

as finite spaces. Not having done so, the adlierence to his standard
has to this day excluded the only proof of the theory of parallels

which does not assume the axiom of Euclid or an equivalent. For
demonstration see Parallkls.

There is a word which confusion of ideas is bringing into use in the
sense of infinitely small ; namely, homeopathic. The confusion is as

follows. The system of medicine called hnmfropath;/ (which means
treatmmt by ntiulwity), proceeds upon the doctrine that diseases can
BTS AKD SOI. mV, VOL. IV.

be cured by use of the medicines which would produce similar diseases

in a healthy person. But the homccopathio practitioners also hold

that excessively small doses, millionths, billionths, decUlionths, of

grains, are sufficient for cure. The general public, which more readily

apprehends the unusually small amount of the doses than the principle

on which they are given, has accordingly approx^riated the word homoeo-

pathic as a synonyme of infinitesimal. '

INFLAMMATION (from inflammo, to bum). When any part of

the body is preteniaturally hot, red, swollen, and painful, such a part

is said to be inflamed, or in a state of inflammation ; and when these

sj-mptoms prevail to a certain extent, or affect very sensible parts, that

general constitutional disturbance called fever is excited.

Inflammation may be either acute or chronic, circumscribed or dif-

fused, conmion or sijecific. The term common, or healthy inflammation,

is apphed to all those inflammations which occur in a person other-

w'ise healthy, which run a regular course, are usually of an acute

character, and terminate in one of the conditions hereafter to be

described. Specific, or unhealthy inflammation, unless produced by
the direct action of a morbid poison, as that of syplulis, variola, &c,
never takes place in a healthy individual, but is always modified by
some pre-existing peculiarity or abnormal condition of the system,

frequently hereditary, and is generally chronic. Although pain, heat,

redness, and swelUng, characterise inflammation in its most ordinary

forms, it is by no means uniformly attended with all these symptoms ;

this is a circumstance which depends on the an.atomical structure of

the part affected, and on the duration and kind of the infliimmatiou.

Terminations.—Inflammation is said to terminate in three ways :—by
resolution, suppuration, and mortification. By the first, which is the

most frequent mode of termination, is meant a gradual subsidence of

the swelling, a diminution of the heat, pain, and redness, and an abate-

ment of the fever ; the parts return to their natural size and colour,

and no pus or matter is formed. Suppuration is said to have taken

place when the inflammation goes on to the formation of pus ; the

swelling then becomes more prominent, of a shining red colour, and

soft in the centre ; if now no artificial opening be made, the matter

obtains exit through one or more orifices produced by the absorption

of the walls of the cavity in which it is contained, and the abscess, in

popuUu- language, is said to h.ive burst. Mortification is the least fre-

quent but most severe mode in which inflammation can terminate, and

usually is productive of great constitutional disturbance ; when it is

the result of a high degree of inflammation, the attendant pain is ex-

cee<lingly severe, the bright red colour of the part becomes livid, and

vesicles form on its surface ; complete death of the part then takes place,

and the pain abates, but the pulse is small and feeble, and gre,at prostra-

tion of strength, with troublesome hiccup, are the constant attendants.

Causes.—The remote or exciting causes of inflammation are produced

either by mechanical violence or by the action of chemical or other

agents ; but it sometimes occurs spontaneously, or without any per-

ceptible cause for its production. With regard to the proximate cause,

this is a question wliicli is not so easily solved ; it has occupied the

attention of pathologists from the earliest times, and the number of

theories on this subject attest the number of those who have interested

themselves in the inquiry. The older pathologists imagined that all

inflammations were produced by a fluxion, or flow of certain humours
to a part, and the peculiar nature of the swelling was supposed to

depend upon the kind of humour ; th\is blood produced phlegmon,

bile produced erysipelas, &c. After the discovery of the circulation of

the blood by our immortal Harvey, Boerhaave appears to have been

the first who applied the discovery to the solution of this complicated

question ; he supposed that the minute blood-vessels became obstructed

by the viscidity of the blood, or where this viscidity did not previously

exist he imagined that the larger globules of the blood passed into the

small vessels and blocked them up. _ But change in the consistence of

the blood being found inadequate to explain all the phenomena of

inflammation, it was supposed that the vessels themselves contributed

chiefly to its production, and the doctrine of sixism of the extreme

arteries began to prevail. Mr. Hunter considered inflammation to be a

restorative principle by which injured or diseased parts are re{>aired,

and the act of inflammation he regarded as an increased action of the

vessels, which at first consists simiJy in an increase or distension beyond

their natural size.

The application of the microscope to the investigation of the con-

dition of an inflamed part has very materially changed the views of

pathologists with regard to the nature of inflammation. If the tissues

of an animal in a state of inflammation be examined, the following

phenomena may be observed. 1. The capillary vessels of the part are

observed to be narrowed, and the blood in consequence flows through

them more rapidly. 2. The vessels from being narrower than natural

become larger, and now the blood flows through them more slowly

but evenly. 3. Changes go on in the capilltvry vessels, and the flow of

blood is observed to be irregular, not even, as in the second stage, 4. If

the observation bo continued, the blood is seen to bo arrested altogether

in the capillaries, and these vessels appear to be distended to the utmost.

5. The last and most important phenomenon in the series is, that the

liquor sanguinis of the blood is seen to exude through the walls of the

blood-vessels, and is sometimes accompanied with the red blood

corpuscles, which pass through either the softened or ruptured walls

of the capillary vessels. The most important of these changes, and
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tb»t which perhapa conatitutes the eMentiil element of the iuflam-
I -ooei ia ttie exuiUtioo of the lyii)|>h or liquor nuiguiDii.

o{ thew pbenoujena, modem patholagiat« have adopted
1.1IWJ L.><.^/rie« with r^anl to the nature of the change* undergone by
the tianiaa io tliit (tate. Whilat »ome hare thought the blood
^obulea themaelvea were at fault, otherB have attributed the stat« to
the roDrlition of the ner\-ee of the part, an<l others again have traced
the clungB« to the (K>Dditiuu of the ca|:>illar}' vonaeln. Mi however agree,

that inB^nmation invulvF* an altered supply of blood to the inflauicd

part, and a changed oondition of the uiitritivu procecaea of the blood.

The r«sult* of thia prooeos, althoui^b suuuu' ' - '- ''lo thre-o tertui-

nationa before mentioned, may be atill furthii Thus witli

Mr. PiLi't- we luay divide theee effects into J'j ud dcMraclir(.

'I 'ffecta are effuaiona or exudationa which are auecep-
' nt dcvelopmcut, and alao of degeneration. The

'

" of the infl.aiiiQiatury prooeea are aoftening, degene-
. ulceration aud death of tiasue, or mortification. We

uiii iii'if iiifix-iy indicate the nature of these results.

ijTimim or anutniiun. According to the tiasue in which inflam-

uutiou occurs, will be tho liquid nature of the exudation. In aeroiia

iiiriubranea the exudation ia attended with ao much water or serum,
that brge acctunulationa of water take place, producing what ia called

dropsy or effuaion. A good example of effusion from inflammation ia

the action of a common blister. In all caees of eftiision of serum, a

quantity of fibrin is |>oured out which is left after the water has been
abaorbed. This 19 seen in iuflauiination of the (leritoncum, pleiu^, and
peficardiimi. The distinction between effusion from obstruction, and
albision from inflammation is, that the latter contains orgauiaable
matter, whilst the former does not.

Blood ia sometimes effused during the process of inflammation by
the nipture of the capillaries. Thia effusion must not be confounded
with luciuorrbage from accidental rupture, which produces quite a
differeut ap|)eaiaooe in the part. The Utter ia bright red, whilst the
fortiier is yellow-red or brown.

Tliu ))lastic matter exuded from the blood-veasela during inflam-

mation if called ''inflammatory lymph," or "coagulable lymph," or
"exudation." Its must characteristic general pro|>erties are, that it

ia callable of spontaneously otganising itself, and that thus organised it

may proceed by development to the construction of tissues like tho
natiuil structures of the body. It ia, however, occasionally modilied,
and, instead of producing natural structiu-es, it produces etructurcs
different from those existing in the body. Tho exudation, producing
new or heterologous formations, has been called by Williams kakophulic ;

whilst Bennett divides exudation into nmjJe, luhtrcuhut. and canceroa*.
V The timpU variety of exudation produces different results, accord-
ing to the following droumstances :

—

1. The nature of the tiaaue in which the exudation takes place.

2. The time at which an exudation is examined after its occurrence.
3. Tbe atate of the blood in which it takes place, as in small-pox,

scarlet fever, &e.

i. The amount of vascularity of the affected port.

B. The amount of local exudation.
6. Hie suddenness with which the exudation has token place.

7. The persistence of the iuflauimatory process.

8. The amotmt of fluid or water poure<l out with the iuilammatoiy
lymph.

Tlieae circumstances modify the appearances which will be presented
by an inflamed part, and will alxo modify to a less considerable extent
the local and gencial symptoms of inflammation.
On examining tho lymph or exudation under the microscope, it ia

found to consist of a liquid containing in it corpuades which are called

"exudation oeUs." Tbey are rough ou the surface, and about the
J^th to tlM HJInth of ao inch in diameter, aud at first present neither a
OMinet ceU-waU nor nucleus, but afterw.ti'i- ' 'i' ''iKit nucleus is seen
in them. From tbe lymph thus const!: d all the forms of

aeooDdary deposits which are found r< iim inflammation.
Tbeas primordial cells pass into all tbe conditions of texture which are
foand ia the tissue in which inflammation takes place, as muscle,
narvs, booe, ko.
These oeUs am exposed to vuious forms of degeneration. When what

is called suppuration comes on they form the " pus cells," and other
sells which hare been desoribed by microscopic ]wthologists. Sujipu-

FsUun is either circumscribed, dimiaed, or superficial. Tho circum-
scribed is wdl seen in the common absoeas, boil, or phlegmon. The
diffused in phlsgmonotia erysipelas and purulent infiltration, whilst
soporflcial snpptiration is obwnred in imrulent ophthalmia and inflam-

mation of mnoous stirfaoes.

The result of the tuberculous and cancerous forms of exudation is

the production of deposits known by tho namea^of cancer and tubercle.
(Ca.iceb: Tcberclc]
Tho daatructiTs effects of inflammation are seen in softening, a1>sor|>-

tion, uloarstion, and mortification more p.orticulorly. In softening there
is httls or no plaatic power in the lymph throvim out, and the tissues
attadiad loaa theb natural cghaaiTeness. This so/tcnt'n^ occurs in
inflamnutioQ of the muooua mambnjMB, of the brain and spinal oiid,
and of the booaa. Abtotjitioit &r«quantljr occurs with aoft«aing, and
this is sesn in ths eommon praoesi of the pointing of an abscess, in
which the tissues soften and are absorbed.

I'tceratioH occurs on open surfaces, and is the result of on exudation
of inflammatory lymph, m which tbe corpuscles are formed into piiri-

cella, and an absoq)ti<m of tbe inflamed tissues takes place. Siiih

ao absorption may take place entirely independent of bloodvessels, as

in cartilage, and ia nevertbeleaa called ulceration. Qrauulation is a
reparative process that occurs in ulcerated sur&oes, and consists in the
organisatiun of tbe lymph thrown out from the ulcerated surface, imd
cvuntually leads to the re|>aration of thu |>arts destruyeil by tlie

softening and absorpUvo prix:e8ses. MoHijitatioH takes place when tho
vital processes of inflamm:ttion cease in a |>art. Parts more or loaa

extensive, or the whole of an organ may display this tendency. It

may be attended w ith eflusion, or it uuij- be dry. All tho tissues are

liable to tho occurrence of this termmatiou of the inflammatory
process.

GcHirul Stmptonu-—The symptoms attendant on inflammation will

vary of course with the extent, ]x>8ition, and nature of tho local

affection. It should, however, be recollected that au extensive in-

flauinuition may come on slowly, and not {irescnt I symptoms
at all, au<l that the Kcnerol symptoms of iuUi ver maybe
present without any mflammntiou. There arc li lUiin general

symptoms of inflammation which are so frequently present that they
constitute what is called inflammatory symptomatic or sympathrtio
fever. This fever is attended with premonitory symptoms of coldm^a
and shivering, which are succeeded by a reaction. The pulse, which
is at first small aud slow, becomes quick and hard. There is thirst,

and greatly increased heat of surface. The secretions are diminisIio<l,

tho akin is dry, the bowels are confined, the urine is scanty. There is

pain fre<.|ueutly in the loins and head. There are restlessness and
anxiety, aud occasionally ileliriimi. Tho respiration is quickened.
The tongue is coated, white, and moist. These are the symptoms of
inflammatory fever of an active kind, but it is not unfrequent to
have this fever from the beginning presenting an adynamic type.

This has been named t</phoid infiammatory fever. It is accompamed
with great feebleness. The pulso sinks, tbe skin becomes moist and
cold, the features are pinched, the tongue is dry and becomes black.

Low muttering, delirium, and stupor are present. These symptoms
may be present from the first, or occur when some unhealthy change
takes place in the cliaracter of the local inflammation.

Zf(r<tc /frer is another form of inflammatory fever. It accompanies
those conditions of the inflamed part which are called suppurative.

This fever is attended with remissions. In the day tho fever ia slight,

but it recurs at night, and is attended with heated skin, and flushed

red face, " hectic spots." Tho fever is at its height at miilnight, and is

succeeded by colUquative sweats, and frequently accompamed by
diarrhoea.

2Ve<i(nu-N(.—Of course the treatment of inflanunation must vary
according to its seat, extent, and nature of the general symptoms. When
the inflammation is of the simple kind its tendency is toward.s health,

and the less interference there is the better. The great question that

has been raised on the treatment of inflammation ia the projiriuty of

blood-letting in acute forms attacking important organs. The jHttholu-

gical Tiews giveu above have greatly modified tho notion that bleeding

was the best remedy in all forms of inflammation. It does not appear
that tbe abstraction of blood exercises any important influence on the
inflammatory i>roce8s at all, and Dr. Hughes Bennett maiutaicis that its

influence on tbe system is injurious, hence he forbids bleeding for tho
8.ake of the inflaumiation. In certain inflammations, however, as of

the lungs, the circulation of the blood is greatly retarded, aud in these

coses bleeding, by lessening the volume of blood, focilitatoa the circula-

tion, and ia to be recommended. The local abstraction of blood from
an inflamed part haa alao been found to relieve tho [loin ond^consequoncea

of tho inflauMuation in a particular oi^gan, and this process is to be
recommended wIhtc the part can be got at.

Mercury, which was formerly recommended in all inflammations, is

now only very cautiously given by some practitioners, under the con-

viction that it subsequently interferes with healthy ntitritiotL When
given it is seldom pushed so far as to produce salivation. Other reme-
dies fur iutL-munation are tartarised antimony, digitilis, acouite, nitrate

of potass, chlorate of potass, saline and other purgatives. The pro-

perties of these medicines are treated of under their pro]>er hc.-ulings,

and tho treatment of inflamed conditions of the more im]>ortant organs

will lie found \mder the heads of these diseases, or of the diseases of

imrticular organs, OS Pleukitib; Pebitomtis; Ukaiit, Diseases of ;

kiciETg, Diseases ov ; Skin, Dusaseb or, &c.

(Hunter, On Inflammation ; J. Hughes Bennett, Prineipl*! and Prao-
lice of MecUeme ; Watson, Lectunt on the Practice of Phytic ; Aitken,

The Scicnct and Practice of Medidae; Weill, Pathvlo</ical Histoloi/y ;

Sin: /--'-• on Pathnlngy ; Paget, Lccturct on Suryical Pathology.)

r N. [IJIFKBACTIO.V.J
l.N 1 \.'>\. A|K)int of contrary flexure [Fle.xobb, CoxTllABv]

is sometiuK's called a point of inflexion.

INFLUENZA (La Ori/qK, Fr.). Influenza is tbe name given by
tho Indians to an epidemic catarrh, which lias spread more extensively

than any other c]>idemic; and this universality of its attacks, together

with the greater severity of its symptoms, principally distuiguishes it

from common catarrh. It attacks all ogea and conditions of life, but is

seldom fatal except to the aged, or to those previously sufferiiig from
or having a tendency to pnlmonaiy disease. Notwithstanding the
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great frequency of this epidemic, it is remarkable how little variety

there has been in its symptoms, and the records of cases which occurred

in 1510 nearly resemble those which have been observed during its

latest visitations. The following are the symptoms which^ost gene-

rally characterise it :—The person is seized with slight chills ; weight

and pain, sometimes severe, are felt over the eyebrows ; there is an

increase of the lachrymal and nasal secretions, with loss of appetite,

prostration of strength, a weak frequent pulse, dyspnoea, hoarseness,

and cough. VTben death has taken place, the post mortem appearances

have revealed acute inflammation of the mucous membrane lining the

air-passages, or pleurisy.and pneumonia. The duration of the disease

varies from one or two days to a fortnight ; but great debility often

remains behind for many weeks, and in some epidemics relapses have

l>een frequent.

Several epidemics of in6uenza have been remarkable for affecting

the mucous membrane of the alimentary canal^ as well as that of the

organs of respiration. The cases occurring towards the subsidence of

the ^idemic are generally less severe than those at its commencement.

The history of this disease is curious. When once it has made its

appearance it pursues a regular course from one country to another,

from continent to continent, across seas and over mountains ; but this

course, although regular as regards each epidemic, yet varies somewhat
with most. In 1510 its course was in a north-westerly direction ; in

1557 due west, attacking whole populations almost on the same day

;

in 1S80 from east and south to west and north, and was complicated

with plague, but France was the only European country infected that

year with tlie latter. The epidemic of 1729 was very fatal in Londipn
;

Lowe says more persons died of it than at any one time since the

plague of 1665. In the month of September, 1729, 1000 weekly were

carried off by it in the metropolis. The epidemic of 1 808 travelled

from Routh to north. England was also severely visited in 1881, 1883,

and 1886-7, and it fig<u-es more or less in all the yearly returns of

mortality in every year since. It is worthy of note, that in all these

epidemics the lower animals have suffered. The destruction of horses

and cattle in 1336-7 was very great. Dogs, cats, and birds also suffer,

and H ia even said fish.

These epidemic >iBitation8 have taken place most frequently in the

spring and autumn, but have seldom remained at one place longer than

six weeks. In 1836 it broke out in Cape Torni in Africa at the same
time as in London ; in the one place it was mid-summer, in the other

mid-winter.

On the exciting causes of this, as of all other epidemics, we must
confess our ignorance. Some have attributed it to the sudden changes

of weather ; others to a particular morbid principle, different from but
resident in and conveyed by the air ; and others again to contagion.

The first of these hypotheses is evidently untenable, for atmospheric

changes as great and suddeu have t.iken place as some of those observed

to precede the breaking out of the ciiidumic, and yet none has appeared,

and sn epidemic has occtured without being preceded by any apparent

atmospheric peculiarity ; the sensible state of the air, too, preceding

and accompanying the same epidemic has been different in different

places. The doctrine of contagion, although it has had more advocates

than cither of the former hypotheses, does not appear to rest upon any
better foundation. It remains, then, to examine the validity of the

second hyjiothesis—namely, the exi.stence of a morbid principle resident

in and conveyed by the air. Now the very doubts on any subject

which give rise to theories for expUining the phenomena connected

with such subjects presuppose the want of any direct proofs or evidence

of a tangible shape ; and if—putting aside the idea of the epidemic we
are speaking of being caused by any deleterious or unwholesome quality

of our food—we allow the atmosphere to be the medium of conveyance
of the morbid principle, we must athnit that all endeavours hitherto

made with the view of demonstrating such principle have only afforded

negative results ; neither does it appear that there is any one spot on
the earth whence it emanates.

However great the discordance of opinion on the cause of this malady,
all physicians of eminence have agreed remarkably in their testimony
OS to the general rules and principles of practice. Notwithstanding the

inflammatory nature of this disease, bleeding is ill borne, and. can rarely

be employed with safety, much less with benefit ; and persons who
have been subjected to this operation recover more slowly than others,

and remain in a debilitated condition much longer. In severe ca.'tes,

emetics at the commencement have been found useful, either in cutting

shorty the disease or in moderating its violence. Mild aiierients adminis-

tered with caution, the exhibition of antimonial and saline medicines,

and a cool temperature, constitute the means which experience has
fonnd to be most efflcacious during the acvite stages of the disease

;

whilst 'piinine and stimulants are beneficial in the latter stages.

INFORMATION, an accus-ition or complaint exhibited against a
person for some criminal offence. It differs from an indictment princi-

pally in this, that on indictment is an accusation found by the oath of

a grand jury, whereas an information is simply the allegation of the
officer who exhibits it. Informations are of two sorts : those which
are portly at the suit of the crown and [lartly at that of a subject; and
•eoondly, such as are in the name of the sovereign only. The former
are exliibited for numerous offences inferior to felony, as wilful and
corrupt oppression by a justice of the peace, libels, conspiracies, &c.,

and are filed by the matter of the crown-office. The latter are filed

by the attorney-general at his own discretion, and are called ex officio

iriform.itions. The former kind, which are called criminal informations,

can only be file<l Ijy leave of the court of Queen's Bench,-and the appli-

cation for leave must be supported by affidavits which the party com-
plained of has an opportunity of answering. When an information of

either kind is filed, it must be trietl in the usu.-d way by a petit jury
in the county in which the offence was committed.
When it is necessary for the Court of Chancery to interfere with

the regulation or management of any charity, the attorney-general, on
the reUition of some informant (who is called the relator), files an
information in the Court of Chancery for the piu-jiose of bringing the
case before the coiu't.

Proceedings in the Exchequer for the recovery of duties or penalties
are also caUed inf<jrmations.

INFORMER. An informer is a person who lays an information or
prosecutes any person for some offence ag.iin8t the law or a penal
statute. Such a person is generally called a common informer, because
he is supposed to make a business of laying informations for the pur-
pose of obtaining his share of the penalty. Persons are induced to
t;ike the trouble of discovering offences, for which a pecuniary penalty
is inflicte<l on the offender, by the promise of the reward ; and if the
penalty is imposed for the public interest, he who makes the offender
known does the public a service. But still the business of a common
informer is looked on with dislike, and he who follows it ia generally
despised ; and perhaps the character of common informers is generally
such that they deserve all the odium they receive. They stand in a
like situation to the common hangman. This dislike of informers,
simply as such, is one of the anomalies of society, who hate their bene-
factor. The real foundation of the dislike, however, among those who
can form a just judgment of things, is, not the act of information, but
the devices, tricks, and meannesses to which a man must often resoi-^

in order to know the facts oh which his infonnation miLst be founded.
It is the same ]>rinciple which often leads us to condemn a man for
making certain statements in public, not because of the statements, but
because of the means by which he may have obtained his knowledge.
When a penalty is too heavy, or when the law that imposes it is

generally disliked by the people for any reason, good or bad, the
po|)aIar disUke finds a definite ol>ject in the informer who gives effect

to the law. The legislature that made the penal law is overlooked,
because the legislature is a number of i)ersons ; the ihformer is one,
.-md his agency is seen and felt.

In absolute governments there are spies and political infonners, who
are the tools of a government which has no nile but its own pleasure.
Some people have been dull enough to confound all informers in one
class, not seeing that there is a difference between an informer who
helps to give effect to the law, and an informer who helps a tyrannical
government to entrap ami punish persons sjispeoted of disaffection to
the government or of designs against it.

INFUSIONS are solutions of some of the principles of vegetables,
generally in water, but occasionally in other vehicles. When water is

employed it may either be hot or cold. It is customary to use warm
water, but in many instances cold is preferable. Where cold water is

used, it is necessary to continue the digestion longer than when it is

warm. The vegetable substances may either be fresh or dried : when
the former, they are to be cut to pieces ; when the latter, bruised or
very coarsely powdered, never reduced into a fine powder. The water,
being poured on the substance employed, is to be allowed to stand in a
covered vessel for a space of time varying with the nature of the article

submitted to maceration. It must be strained, and is then fit for use.
Infusions generally spoil soon, more particularly if warm water be
employed, or if the substance contain starch or other fermentable
ingredients. Sometimes alcohol is mlded, after straining, to assist in
keeping the infusion, or to increase its powers. Hard water should, if

possible, be avoided in the preparation of infusions.

Concentrated infusions, to be diluted to the ordinary strength at the
time of employing them, are now prepared on a large scale by whole-
sale chemists for the use of general practitioners, as they have not only
the advantage of keeping better, but avoid trouble and loss of time.
Other improvements have been introduced, such as making the infusions
by percolation, or, as it is termed by the French, j)«r deplaremeiit. Also,
Appent's mode of preserving vegetables has been applied [Axtisei'TICs]

;

and concentrated or preserved vegetable juices have been recommended
and adopted by Mr. Stpiiro (' Pharmaceutical Trans.,' No. iii., p. 94,
Sept., 1841) and Dr. Bentley. These have many advantages. For
infuso-decoctions, see Decoctions.
INGROSSINO. [Engbossdjo.]
INHIBITION, in the l.-iw of Scotland, is a proceeding by which a

cre<litor may prevent his debtor from alienating proiicrty either to
favoured creditors or to other persons. Nominally it affects all pro-
perty ; but it is oidy in the case of real property that, from its being
jiut on the register, it is efficacious. The debt on which inhibition
may proceed must be founded on some obligatory written document,
or established by the decree of a court. The process may bo rcciilled

if improperly awarded. It conveys no specific security to the person
who holds it, but it gives him a right to impugn every act which the

,

debtor does to his prejudice after the inhibition. If the inhibition be

I

followed by proceedings to attach the estate at the instance of other

I
creditors, the inhibitor has a preference over them if the debts have
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ioeurrad mibaBqaently to the inhibition, but not otherwiae.

The mixed rigbta thui ooouioaed «re often prodvictiTe of very intricate

quMtione.
INJITNCTIOX m Sfttitf. An injunction ii a writ, inuin^ by the

Older and under the nel of a court of equity, to reetmin parties from

nooeeding in other court*, from negociatin^ notea or bills of exchange

to pnrent the miling of a ship, the alienation of a specific chattel, to

frereDt mate by felfii^ timber or palling down buildings, the iufringe-

toent of patents or copyright, to reprea nuisances, and to put an end

to vexatious litigation. It is impossible here to enumerate the variety

of cases in which a plointifl: in et^uity is entitled to the relief afforded

by the writ of injunction.

An injunction may be obtained ex parte, and beliind the back of the

defendant (as the phrase ia), immediately after filing a bill, upon

motieo auppcrtad by affidavit; or it may be moved for after the

dafaodant naa answered the {daintiff's bill, and on the merits of the

eaaa as appearing from the d^endant's answer ; and if an injuuotion

has been obtained rx parte, the defendant may immediately move to

diiMlve it on affidavits, even before he puts in his answer.

An ex parte injunction, that ia to say, without notice, cannot be

moved for after the defendant has appeared.

INJUNCTION at Lam. By the Patent Law Amendment Act, 1852,

power was given to any court in which an action for infringement of

patent shoiUd be i>eiiding to direct an injunction if it should see fit.

By the Conunon Law Procedure Act, 1854, courts of common law

may grant an injunction, when claimed upon the writ of summons, in

cases of breach of contract, or other injury, where the party injured is

entitled to maintain and has brought an action. Such injunction is by

way of supplement to the common judgment, and ia against the

repetition or continuance of such breach of contract, or other injury,

or the committal of any breach of contract or injury of a like kind,

arising out of the same contract, or relating to the same property or

right.

This common law injunction has seldom been applied for, or obtained

;

and a bill has recently been introduced into the House of Lords by

Lord Chancellor Campbell, for, inter alia, enabling courts of law to

grant upon motion exclusive protection against probable violation of

uigal, aa distingiuahed from »iviit.ible, rights. The Roman interdiction

was in many respects similar to the injunction. [Intkbdict.]

INJURY, INJURIES. Blackstone, after treating of Rights, pro-

ceeds in his third book to " consider the wrongR that ore forbidden and
ludiOMCid by the laws of England." He then divides wrongs into two
sorts or qpecies—private wrongs and public wrongs. To private wrongs

be also gives Uie name of civil injuries, as being " the infringement or

violation of the private or civil rights belonging to individuiUn con-

sidered as individuals." Public wrongs are " a breach and Wolation of

public rights and duties," and " are distinguished by the harsher appel-

ution of crimes and misdemeanours."

The true nature of injuria is, however, contained by implication in

another expression in Blackstone :
" The contemplation of what ix jut

is neoeasarily prior to what may be termed injuria." For ns jn» is law,

o w/aria is aomuthing that ia not jua, or is forbidden by jus. An
injury, then, in the English law, ia some illegal act ; but the word is

cummunly used to express an illegal act done to a man or his propert}',

for which he may by legal process get compensation. The Englisli

legal maxim that a man cannot recover damages or compensation when
(here is a damnum abique injuria, contains m it the true meaning of

injuria or injury. The act must be an illegal act in order to entitle a

man to compensation. If a man's acts damage the property of another,

without bemg such acts as are forbidden, tiie person who is damaged
eao get no compensation. For instance, a man may set up a grocer's

hop next door to another shop, and get all his neighbour's custom,

which is a grievous damHum, but no injuria. It la true that the nature

of the damage may in some cases help to determine whether it ia a

legal injury or not ; but the true question always must be whether
the act complained of is either at common law or by statute an injuria,

an unlawful act.

The Boman word injuria, aa alrqady observed, slgnifles generally

nythlng which is done contrary to law (quod non jure factum est, hoc

•at oontoa jus). In its narrow sense, injuria was limited to unlawful

•ota that affected a man's person, not his property, at least not directly.

It comprehended peraonal violcnice, sucn as beating a man, and using

abusive words to him, and libelling him. Injuria might be dune to a

man either in his own person or in the person of those who were in

Us power, aa his children and sUvea, or in his hand (manu), as his

wife. The mode of proceeding was by the actio i^jwriarum. (Oaius,

Ui. 220-22e.)
The nature of Roman injuria, in ita limited aense, is, therefore, it

appears, different from that of injury in English law,ss proixrly tmder-

itood ; for injuriui in Kiigliah law, or civil injuries, or private wrongs,

• Blackstone calls them, comprehend all the wron^i that are treated of

in Us third book—that ls,all wrongs except crimes and misdemeanours.
The Roman tt^juria belongs both to the head of law ciiminal and non-
criminaL In soma caaea damagea were got ; in othen, the offender

was punished in hi* penon : in some cases he might be punished by a

pecuniary penalty and in his penon also.

INK, for the vaiious purposes to which it is applied, is composed of

Vary dlMimllsr ii^ndienta. It may be treated of under tba beads

of WriHHy Ink, Inditm Ink, Primtenf Ink, MarkiMg Ink, and
SytiuaAette Ink.

Writing Ink.—The \tTiting ink of the ancients waa essentially dif-

ferent froril that which U now employed. Ita basis was finely-divided

charocal, mixed with some mucilaginous or adhesive fluid ; it waa
much less destructible than modem vrriting ink, and more resembled
printers' ink, both in the nature of ita colouring ingredient and
ite indestructil>ility.

Writing ink ia now a chemical compoun<l, and not a mere mechanical
mixture. Ita baaia is proto-gallato and proto-tannate of iron, which
by oxidisement becomes |>er-gallate and per-tonnato ; and it is owing
to the oxygen of the air effecting this change gradually that recent
writing ia of a comparatively light colour, and that it subsequently
becomes block. Many processes have been given for preparing writing

ink. The common ingredients are galla and sulphate of iron ; in fact,

while printers' ink may be considered as a black paint, writing ink may
be re^iided as a black dye. The following, which is recommended l>y

Hr. Brands, givea, he says, an exoellent ink, and it possesses the merit
of greater simplicity tlum most others :—Aleppo galls, bruised, 6 oza.

;

sulphate of iron, 4 ozs.
; gum arable, i ota. ; water, 6 pints. Boil the

galls in the water, then add the other ingredienta, and keep the whole
in a well-stopped bottle, occasionally «h«ting jt. In two months strain

and pour off the ink into glass bottles, which must be well corked. To
prevent mould, add one grain of corrosive aublimate, or throe drops of
creasote, to each pint of ink. Mr. Brande observes, that, " In tnalring

good writing ink the great object ia to regulate the proportion of sulphate
of iron to the galls. If it be in excess, although the ink may at first

appear black, it becomes subeequently brown and yellow. Hence some
time should elapse before ink is used after the ingredients are put
together, in order to be tested from time to time, and the combinations
perfectly r^pulated." Gum U added to retain the colouring matter in

suspension, to prevent too great fluidity in the writing, and to protect
the vegetable matter from decomposition. Logwood and other vege-
table aatriugenta have been tried, but do not yield a permanent ink.

When writing has through age become ydlow and indistinct, it is

because the vegetable matter has decayed, and mere rust, or peroxide
of iron. Is left. By carefully applying infusion of galla, the writing
may be rendered blacker and more legible. This method was suooeaa-

fully adopted in deciphering the MS. of Gains, a work on Roman law
which attracted great attention among learned men in Germany about
forty yeara ago, and which for a long time resiated all attempts to

decipher it. Modem writing ink, tmlike the ancient, ia readily

destroyed by chlorine, acids, and alkalies. Indee<1, if paper has been
made from inferior rags, bleached by excess of chlorine, the ink, how-
ever good, will be ultimately discoloured. Sulphate of copper is occa-

sionally added to ink, and some authorities direct it to bo prepared
with the addition of vinegar ; but these substancea are rather mjurioua
than otherwise.

Blue HTiting ink is now much used; made sometimes from indigo,

and sometimea from Prussian blue as a basis.

Indian Ink.—The cakes of ithls ink are made of lamp-black and
size or animal glue, with the addition of perfumes or other aubstances
not essential to its quality oa au ink. It ia used in China with a brush,
both for writing and for painting upon paper of Chinese manu£iature.
It ia used in Europe for designs in black and white, in which it possesses
the advantage of affording various depths of shade, according to the
degree of dDution with water. The common lamp-black of the shops
is not sufficiently fine for the purpose ; it reijuires to bo made with
l)eculiar care.

Prinlert' Ink is of two kinds : for letter-press printing and for copper-
plate printing. Printers' ink ia prepared by boiling linseed or nut
oil in on iron pot ; and if it doe* not take fire of itself, it ia kindled, and
suffered to bum for about half an hour ; the flame ia then extinguished
by closely covering the veaael ; and the oil ia by this operation found to
have acquire<l the necessary diying quality, after being again boiled.

It la then mixed with a proper quantity of lamp-block, when bhick ink
ia rcquirctl ; if red ink be required, the colouring matter employed iH

vermilion, for finer works. Coi)|>cr-pUte printer's ink is made with
oil which is less boiled, and the charcoal used ia stated to be Frankfort
black, made from vine twigs.

Marking Ink is employed for marking linen ; it is a solution of
nitrate of silver, written with a pen upon the fabric to be marked, after
the latter has been moistened with an alkaline solution, as potash or
soda. By this process oxide of silver is precipitated upon and combines
with the cloth so as to be scarcely removeable by any re-agent which
does not also destroy its texture.

Sympatlutic Ink* are such as are invisible until heat ia applied, and
then, by the chemical change induced, the n-riting becomes visible.

The most remarkable of theao is that prepared from cobalt, colled
HoUot's symjnthetic ink, which is a chloride of the metal When the
written i>aper is held to the fire so as to evaporate the water, the letters
become green.

The subject of ink has lately undeigone much disciunion, arising out
of a paper read by Mr. Underwood before the Society of Arte. In
1H57 the firm of which he is a member was applied to by the Govern-
ment for an ink that would yield many copies of any written document,
by mean* of some kind of copying machine. It was determined that
the ink and the paper should have certain chemical relations, such
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aa that of throwing down a precipitate. The best mode was found to

be, to steep the paper in a neutral chromate of potash, and to use a

solution of extract of logwood as ink. By preparing three different

strengths of solution, it was found possible to obtain from two to

twenty copies of any document. A copying-ink has also been prepared,

applicable both to printing and «Titing

—

a, desideratum in many com-
mercial establishments. The printing is first effected ; and the ink so

printed is rendered partially soluble by moisture when the copying

by the press is to be dona Of course the colour and depth of the ink

can never be otherwise than faint, by any use of the copying-press.

The modem ink-makers candidly admit that the ancients excelled

them, in the blackness and durability of their ink. In Durham
Cathedral there is a copy of the Bible, written by the Venerable Bede,

in which the ink is still beautifullj bUck. Indeed there are numerous
MSS. in existence, written from the 5th to the 13th centuries, of which
the same may be said. Dr. Lewis, about a century ago, expressed an
opinion that the ancient ink consisted of fine charcoal suspended in

some mucilaginous fluid ; and in this opinion Mr. Astle afterwards

supported him. Sir Charles Blagden, some yeai-s later, applied

chemical tests to many old ^vritings, which afforded proof that the

ink was not a mere mechanical mixture, but a true chemical com-
pound. That there were different quaUties of ink, then as now, is

certain. A parchment document is in existence, written in 1099,

containing many certificates written at different reUgious houses in

England ; and these, though written nearly at one time, exhibit all

shades from faded brown to deep black. Mr. Undenvootl thinks that

some of the old ink was merely a carbon pigment, but that other kinds

were veritable ilym of iron and acids, with a good deal of carbon

added.

In reference to printing ink, it may be remarked that the ink of the

first Uock books is found usually to be bad ; whereas that of the first

mmtabU type books is much better—so much so, indeed, as to excel

the general kinds of modem ink In depth, brilliancy, and richness of

black. Printing ink is, indeed, a compound of very peculiar character

;

for, in order to be really good, it should possess these four qualities

—

to distribute freely and work with sharp, defined outUnes on the type

;

to have a greater affinity for the surface of paper than for that of ty{>e,

in order to transfer readily ; to dry much more quickly on paper than

on type or an inking-roUer ; and to be proof against the effects of

time and chemical re-agents. We may here state that the bank-note

ink, made by Mr. Wtnstone, is prepared from coal-tar naphtha ; this

naphtha being burned in close chambeni, the smoke or soot is collected,

and exposed in a retort to a heat sufficient to drive off all volatile

matter ; the soot is then ground up with a peculiar varnish, producing

a printing ink of intense blackness, which prints off with great fineness

of outline, and dries so as to be fit to handle almost immediately.

The miscellaneoua kinds of ink, under the names of japan, inritibU,

kariiciUtural, Uthoffraphie, autographic, &c., need not be described ; they

are mostly mere varieties of those already noticed ; while one of the

number ia described under Lithography. Ink pomler, sometimes

useful in travelling, is generally made by mixing the ingredients dry,

and '"Iding boiling water in certain proportions when required for use.

Leonardi's alizarine or tolid ink, introduced in 1858, at Dresden, is

made of Aleppo galls, Dutch madder, sulphate and acetate of iron,

and sulphate of indigo, combined into the form of small round cakes
;

a portion of one of these cakes is dissolved in water when required

for use.

INLAYING, is the art of inserting pieces of one substance in

cavities cut in the surface of another, as a means of ornament. The
substances may be various kintUi of metal, or various kinds of wood, or

pearl, ivoty, tortoiseshell, 4c. ; and the product may either be regarded

as a work of art, or as an ornamental article of furniture. It is in the

latter sense that inlaying is chiefly regarded. Two kinds which ha<l

much celebrity in their day, but are perhaps less practised at present,

are bu/U and reimer work. These were named from two ibenitls, or

cabinet-makers : Buhl, or Boule, an Italian who settled in Paris in the

reign of Louis XIV. ; and Reisner, a German who settled in the same
city soon afterwards. Buhl mostly used a brass inlay on a tortoiseshell

ground ; Reisner a dark wood inlay on a tulip-wood ground ; but it is

obvious that the varieties admit of almost interminable change. Where
the substances are not too hard to be easily cut, the devices are pro-

duced by counterpart sawing ; that is, two thin plates are laid one

on another, and a very fine saw is worked through both of them, in

Imea marked out by a pencil device. If we suppose that two veneers

or thin layers of wood, one black and one white, were thus treated,

there might be two pieces of inlaying produced—the one a black inlay

on a white ground, and the other a white inlay on a black ground ; for

one veneer wovdd exactly fit the holes cut in the other. The saws for

this work are mounted in bow or arched handles ; they are very narrow

and thin, and are worked in short quick movements. In Buhl work,

the patterns generally consist of continuous lines, of which the honey-

suckle is a familiar example ; this does nut require the actual separa-

tion into small pieces, and thereby marks one point of difference

between mlai/int/ and motaic. The veneers are temporarily glued

together, or rather to a sheet of paper plxtced between them ; the

design is drawn on one surface, the material is held loosely in a vice

by the left hand, a small hole is made with an awl in a piu^ of the

design not varjr conspicuous, the saw-blade uulooaened from its handle

is thrust through this hole, the saw-handle is then fixed, and the work-
man proceeds with his sawing—dexterously turning the saw and the
material about so as to make the tortuous cut coiTespond with the
lines of the design. Sometimes three or four veneers are cut in this
way, affording means for greatly varying the colours of the inlay.

The ornamental stone-work called pietra dura bears more resem-
blance to inlaying than to mosaic ; for the holes are not cut through
the ground, but only to a certain depth, in slabs of black marble ; and
small bits of other colouretl marble are inserted to this limited depth.
The inlaying of knife and fork handles with studs of gold and silver,

is similarly effected by drilling holes to a certivin depth, and inserting
fragments of gold or silver wire. The inlaying of papier-mach^ with
pieces of mother-of-iiearl, or other iridescent substances, is not strictly

i'n-laying in the sense here employed : for the decorative substance,
cut into the forms of leaves, flowers, or other devices, is laid on the
papier-machd, and a general level produced by many thicknesses of
varnish—in the way described under Papiek Mach£.
The delicate fine-art workmanship of mosaic, produced by the juxta,-

position of numerous small pieces of enamel, is described under
Mosaic ; while the application of wood in ornamental devices to floor-

ing, is treated under Mahquetry and Parquetry.
In the Jury Reports of the Great Exhibition it is said, in reference

to the gold and silver work in the Indian collection :
—" Herein the

least possible amount of metal is so treated by delicate hand-labour,
by exquisite pierced work, enamelling, and inlays, combined \vith such
a thorough consideration of the treatment of surface by buhl-work, &c.,

as to give the greatest amount of skilled workmanship with the smallest
quantity of material The Eastern nations largely practise the
art of inlaying both in metal and in other materials ; their weapons of
war are decorated with inhud work."
INN. The responsibility of innkeepers for the safe custody of the

goods and chattels of their guests is one out of the numerous classes of
cases that arise upon the law of bailments, and is placetl by Sir W.
Jones, in his Treatise, under the second subdivision Locatio Operis, of
the general head Locatum. The law makes the innkeeper responsible
for the safety of the goods of persons coming to his house, in the
language of the ancient writ, causd ho«pitandi ; but he may be released
from his liability either by inattention on the part of the guest to such
reasonable rules as the innkeeper may think proper to lay down for
the protection of the property of his guests,—by any act of negli-

gence on the part of the guest himself,—or by his making use of the
house not, as it is before said, causd hotpilaiuli. Thus, if an innkeeper
requires his guest to put his goods under lock and key, and the guest
leaves them in a passage, whereby they are lost; or the goods are
stolen by the guest's own servant ; or the guest uses his room in the
inn as a show-room, into which a number of people are allowed to have
access, and not as a lodging-room, the responsibility of the innkeeper
ceases. The general interest seems to require that the law should be
made still more strict as against innkeepers, as the good faith and
responsibility of the innkeeper form the only security of the traveller.

The Roman law on this subject is contained in the Digest iv., tit. 9.

(Smith's Leading Cases, ' Calye's Case;' Treatise on the Law of Bail-
ments, by Sir W. Jones.)

INNS OF COURT AND OF CHANCERY. The establishment of
these bouses of law is usually considered to be one of the effects of
Magna Charta, which, by fixing the Court of Common Pleas at West-
minster, brought together a number of persons who (as Spelman says)
addicted themselves wholly to the study of the laws of the land, and
no longer considering it as a mere subordinate science, soon raised
those laws to that pitch of perfection which they suddenly attained
under the auspices of King Edward I. They purchased at various
times certain houses between the city of London and the palace of
Westminster, for the combined advantage of ready access to the latter

and of obtaining provisions from the former. " For their liberties and
privileges " (observes Mr. Agard, in an ess.ay written in the end of the
17th century), " I never read of any granted to them or their houses :

for having the kw in their hands, I doubt not but they could plead for

themselves, and say, as a judge said (and that rightly), that it is not
convenient that a judge should seek his lodging when he cometh to
serve his prince and his country."

In Fortescue's time there were four inns of court and ten inns of

chancery, the former being frequented by the sons of the nobility and
wealthy gentry, and the latter by mercliants and others who had not
the means of paying the greater expenses (amoimting to about " twenty
marks " per annum) of the inns of court. On working days, most of

these students, he says, apply themselves to the study of law ; and on
the holy days to the study of Holy Scripture. But it appears that
they did not entirely neglect lighter pursuits, for, says the same
learned author, they learn to sing and to exercise themselves in all kind
of harmony, and they also practise dancing and other noblemen's
pastimes. He says they did everything in peace and amity, and
although the only punishment that could be inflicted (as the cose is

now) was expulsion, they dreaded that more than other criminal

offenders fear imprisonment and prisons.

The inns of court, formerly called " hostels," or in French, " hdtel,"

are Lincoln's Iim, the Inner Temple, the Middle Temple, and Gray's

Inn.

LincMs Inn appears to have t^ken its present name from Henry
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Imey, aarl at Liaoola, whoM boon OMr Holboni Iia4 been for aome
time inhabited bj tadeoU of Uw. It baa a cbnpel built by Inigo

Jonea, the interior of wbieb ia vtrj atriking, and a noble hall iinii

Ubmj, erected in \H6, from the deaign of Mr. Hardwioke, and recently

eniamented hj an elaborate and exoellent froMW by Mr. Watta. The
Ufanry oontaina a rei7 large and well aeleotad eoUectum of boolu.anda

graat many Tery valuable M8S., amoogat othan thoae of Sir Matthew
Bale. A atudeotahip, worth alwut 1001. a year, to be held for eight

Tean,waa founded by ChriKU>|ihor Tancrcd, Esq., for foumtudontit, to

be educated in the atJudy of the Uw at Liucolu'a Inn. They are elected

bj tha tniateea for tha time being of the Tancred Charitiea. The
garden moat have been much enrtailed ainoo the reigna of Henry VII.

and Henry VIII., when, aooording to Mr. Lane, special enaotmenta

were made to prevent the atudenta from hunting the nbbita in it

7%* tnmtr Tattle.—Tlu* inn, aa well as the MiddU Temple, owea ita

nana to tha Kqigfata Templan, who eatabUahed themielvea here about

1185. After their diaaolution the Temple came into the handa of

" diven iMiifeiKin of the oommcm law that came from Thavyea Inn in

Holbame." In the reign of Henry VIII. the members of the Temple
bad diriiled into two societies known by the namea of the Inner and
Mid<Ue Temple, c»ch having a hall and a libtwy.

The church is common to both aooietiea. It was founded by the

Templars, upon the model of that of the Holy Sepulchre at JeniMalem,

and ooosiBta of a round tower at the weatvm entrance, and three aisles

mnning east and west, and two orosa aisles. In the tower are tombs
of eloren of the Knigbta Templara, but with the exception of one,

G«alfar de Magnoville, afterwarda eari of Essex, it ia not known whom
the afigiea l eia eaeut.

Gm^t /n» IS on the north side of Holbom. It takes ita name from

the Lords Gray of Wilton.

Each inn of court ii governed by ita own benchers, or "ancients," as

they were formerly called, who fill up the vacancies in their own body,

usually selecting queen's counsel, and thus practically vesting the

appointment in the Lord Chancellor. At Lincoln's Inn the governing

body is called the council, at the Temple the parliament. Their

power ia undefined, and sometimes aasimied to be unlimited. In the

two "Temples and Gray's Inn, the benchers appropriate to a liu-ge pro-

portion of their number, chambers, which they may either occupy or

let ; so tliat iu thia way Urge sums are often received by the fortunate

seniors of the body. See farther, Barbisteb.
Besides these four inns of court, there ore eight inuH of chancery,

which are now only used as chambers, and are principally inhabited

by aolicitors and attorneys. These are Fitrnirati Inn, I'havie'a Inn,

CliffonCt Inn, ClrmeHt't Inn, A'or Inn, Lijon't Inn, Staple Inn, and
Bmardt Inn. Several of the inns of chancery have a hall, in some uf

which dinners are provided and terms kept, but they are now merely
private societies.

INOCULATION is the insertion of a morbid fluid formed in the

body of one person into that of another. It has however been more
particularly applied to the practice of producing Rmnll-f>ox by removing

a small quantity of the flmd formed in the pustular eruption on the

kin of one penon and inserting it beneath that of another. The
Utter (if he have not already suffered from the disease) will, after the

Upae of from aeven to ten days, be affected with it ; but its severity,

when thtu engendered, is in a large majority of cases greatly mitigated,

BO that the proportion of those who die after inocuUtion is not greater

than one in five hundred ; while of those who receive tha snuLU-pox

casually one periahes in every six.

The practice of iiiocuUUng for the amall-poz was introduced into

this country by Lady Slary Wortley Montagu, about the year 1721,
bar eon having thus received the disease during her residence in

Constantinople. It had lung been practised in Turkey and other

Eastern natiuns, and its utility was well known before its introduction

into England, both in the south of Wsles and in the HighUnds.
Mungo Pork also found that it waa habitually practised by the negroes

OB the Guinea Coast. It was very slowly adopted in this country, and
it was not until it had been practised on six criminals (whose lil^erty

was promiaed to them if they recovered, aa they fortunately did) that

it was generally received. It was then ahnost universally had recourse

to, till the introduction of vaccination; but since that time it hsa
most deservedly fallen into disuse. Indeed whatever were the merits
of inoculation in lessening the severity of the small-pox in the person
inocnUtad, it waa probably on the whole productive of more harm
than benefit, by introducing the disease (aa it certainly often did) into

a district previously free from its contagion ; and thua, while it mvcd
the life of one person, it lM«amo the cause of the death of many who
eanght small-pox (roiu him. It U now very rardy practised, and
tha exposius m pnblic ways or places of penons having the small-pox
ii punishable. [VAOnvATiun.]

Of the other eruptive fevers, measles and scarlntina are com-
municable by inoooUtion, though with soma dilticiilty and without the
advantage en randaring the disease at all mikler; but chicken-pox
aaaaot be thua tnuiamitted, and it ia at present doubtful whether the
axanthamatous typhus fever can. Other caaes in which diseases are
produced by inocuUtion are treated of in separate artklaa, aa HtdBo-
FHOIIU.AO.
INOCULATION U an operation performe<l on numerous species of

Exogenous pUnts, and, like grafting [QUArrmo], hM for ita end the

vital rnilon of one spedaa or variety widi another. ThU object may
be eff'ucte<l by either of the two opecationa in the caae of many species;

but particular ciroumataDcas sometimea render inocuUtion the more
premier method, as in the eases of the apricot and peach, which expand
their leaves early iu the spring, long before growth has commenced in

the plum stock, on which they are generally worked. The grafts of
such eoriy vegetating trees are generally foimd to be exhausteil before

the stocks can contHbuto a sufficient quantity of freah organised matter
fur completing tLe union. It is therefore found most aavaatageous to

bud or inoculate them in the summer, when both soiaa and stock
are in a state of equal vegetation.

Buds, like grafts, may romain alive for some time after having been
inserted on their stock, and may even effect a sort of adhesiun to it

;

but it ia only when the alburnum of the two parts, in a nascent ktate,

come in contact, that a permanently vital union is accomplished.
Unless tlus be previously underst^xxl, the best instructions with regard
to the performance of the operation nil! be liable to misapplication.

All buds have their origin in the medullary sheath, and are situated
in the axils of leaves existing or that liave existed ; but when a bud"
has developed itself beyond the external bark, it begins to produce
and send down Uyera uf liber, and its connection with the medullary
sheath is at that time deatroyed. If the bud so detached be placed in
favourable circiuiiiitancea on the alburnum of another allied speciaa, ii

will derive moisture from the cauibium, and continue to vegetate till

the granulations uf cellular matter resulting from the effort of the
stock to cover with fresh matter the part wounded by the intnxluction
of the bud, meet with the alburnum eUborated by the inserted bud

;

the similar substances then coalesce, and the unlun may be termed com-
plete. It may be here observed that the opening made for the reception
of the bud should not be made too large, for the smaller the portion of

bark raised the sooner will it become covered with fresh matter, and
meet with that which is forming at the base of the bud.
The season for perfonniug the operation is, generally speaking, from

the b^inning of July to the middle of August, the particular time
varying according to the season. The best criterion is the state of the
buds and the degree of cohesion between the bark and alburnum of

the stock. If the buds on the yuung shoots have become so fur per-

fectly formed outside as to bear separation from the branch, and if the
bark of the stock can be freely raised, and exhibit an abundance of
cambium in a fluid state, the operation may be proceeded with. If, on
the contrary, the bark adheres rigidly to the alburnum, or u tet, aa it

is technically expressed, there is little chance of success.

In the selection of buds it is necessary to distinguish those that are
fonued for blossom-buds and those that would produce shoots in the
following season. For example, in the case of peach-trees trained
.igninst walls, no buds with only a single leaf at their base should be
taken, for such, if the tree is in a bearing state, will only produce a
blossom, oven if it should remain on the tree ; and when transferred it

will either perish in winter or die after an imjwrfect development.
On vigorous young trees In the open ground that are not in a blossom-
ing state single irood-biuh may bo readily found, ,ind they ore preferable
to all others. When a bud on a wall has two leaves at its base it will
produce from thence one in>o<f-sAoo( and a blossom-bud; in fact,

although only one bud is apparent, yet tliere exist two ; since every
leaf boa in its axil either a bud or the rudiments of one. Thus a shoot
having buds with three leaves at their bases developes itaelf in the
following spring, iu the form of two blossom-buds and a wood-bud in
the centre.

The operation of budding, or inoculation, is performed in various
ways ; but the best .-md most geaeral is that called shieldbucKling or
T budding, from the resemblance of the two cuts made in the bark at
the stock to the two principal liars of the Koman letter T. In a smooth
part of the stock a horizontal cut is ULide through the rind down to
the alburnum ; but care is taken that the incision only just reaches the
alburnum. From the middle of this another cut is made do^vnwards.
The bud is then shaved off the shout by enteriug the knife about half
an inch below it, then cutting nearly half way through the branch
immediately below where the bud is seated, and finally by slanting the
knife outwards about half an inch above the bud. A |>ortion of bark
and young wood will thus be taken along with the bud ; but the wood
must be carefully separated by being dexterously jerkod off (fomiiranft

in the direction of the woody filire, leaving only the small portion
belonging to the base of the bud. If the wood were detached by
pulling upwards, this minute formation of alburnum belonging to the
bud would likewise bo removed, and with it the rcHj/, os it U culod, of
the bud, or vital speck. This will sometiinos happen, whichever way the
wood is removed, and may bo known by the appearance of a small hole
Iwlow the external convexity of the bud. When thu lu4>pens the
operation must bo repeated. The bud Xxsing thus prepared and ita bark
pared ao as to be easily introduced lielow that of the stuck, and as much
reduced as its immedUto connection with the bud will permit, the
bark of the stock is raised with the thin flat ivory handle of the bud-
ding knife by entering it at the angles formed by tlic tranxvcrKe and
perpendicular incisions above described, taking c-u-e not to disturb the
bed of cambium ; on the latter the bud, with its Hhicld-bke iwrtion of
bark, is placed, its upjier part being then cut off, so as to coincide with
the transverse section on the bark of the stock ; the li[is of the per-

pendicular incision are closed, or at least brought down upon the shield
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of the bud ; and the whole ia bound down with a strip of pliable

matting, the point of the bud only being missed by the bandage.

The latter must be untied and slightly re-tied when the swelling of

the stock indicates the necessity of the operation.

INOSIC ACID (C„,H,N,0,„HO !). This acid is a constituent of the

juice of meat. It is best prejwred from the flesh of the common fowl.

Fresh lean of fowl is to be finely chopped and digested in its own
weight of water ; the filtered liquid heated nearly but not quite to the

boiling ix>int, to coagulate albumen ; baryta water added to separate

phosphoric acid, and the filtrate then evaporated till of the consistence

of thick syrup : it ia now diluted with alcohol till it becomes milky,

and set aside. After a time crystals appear, which are inosate of potash,

and of baryta, if excess of the latter base has been used. The crystals

are redjasolved in warm water, and chloride of bariiun added. On the

cooling of the solution, inosate of baryta crystallises out, and requires

only another cryst^dlisation to be obtained perfectly pure. This salt

has the composition (BaO, C,„H,N„0,, + 6Aq).
Inoeic acid may be isolated from the baryta salt by the cautious

addition of sulphuric acid. Its dilute solution in water haa a very acid

reaction, and ad agreeable taste, resembling juice of meat. It may be
concentrated, by a heat not exceeding 110° Fahr., to the consistence of

syrup, but cannot be made to ctystalUae. It is insoluble in alcohol or

ether. The name inosic acid \i'as given to this body by Liebig, its

source being thereby iniUcated {Is, Ms, muscle),

INOSITE (C,,H„0,, + 4H0) is a peculiar species of sugar, discovered
by Scherer in the juices obtained from the flesh of animalii. It crystal-

lises in large crystals, which have a sweet taste, but which are not sus-

ceptible of vinous fermentation. It yields, however, both lactic and
butyric acida when exposed to the action of casein. It differs from
glucose in its not giving the usual reaction with the salts of copper and
potash, and in poaseesing two atoms more water in its composition.
The following is the characteristic reaction for inosite : the solution

suspected to contain this body is cvaporatetl to drjTiess on platinum
foil with nitric acid, then the residue is moistened vnth ammonia and
a little chloride of calcium added, finally on evaporating again to

dryness the residue becomes of a beautiful rose colour. Neither starch

nor any of the sugars produce this reaction, which is so delicate

aa to admit of the detection of less than the j^th part of a grain of
inosite.

INQUEST. [CoRONEn.]
INQUISITION, THE, of which the more correct title is the Holy

Office (Sanctum Qficium), ia the name of an ecclesiastical tribunal
established in the ISth century by popes Honorius III., Gregory IX.,
and Innocent IV., to try heretics, blasphemers, apostates, relapsed
Jews or Mohammedans, witches and wizards, polygamists, and other
persons charged with infractions of the canona of the Church. The
judges of this court were called inquisitors, whence the tribunal itself

has been commonly styled the " Holy Inquisition." The name of
inquisitors, or inquirers after heretics, appears as early as the reign of
Theododua I., who, by hia constitution against the Maniclucans and
other heretics, a.d. 382, after adjudging the punishment of de.ith for
several aggravated cases of heresy, directa that " Inquiaitores and con-
quirendos et eruendos hereticos " be apiwinted by the prefect of the
Pnctorium. (' Codex Theodoeiamu,' Qothofatidi, xvL, tit. 5, lex 9.)

This ia the first law under the Christian emperors by which the punish-
ment of death is awarded for heresy. Constantino had only sentenced
the Ariana to banishment, though he threatened to punish with death
those who should retaui and make use of the books of Ariua. The
subsequent law of Honorius, a.d. 398, expels from the towns the
" Clerici " or priests of the Montaniats and Eunomians, and if they
persist in bringing people together, it banishes them for life. It further
orders their books to be burnt, and condemns all jiersons who are
found to conceal them to be beheaded. (' Cod. Theod.' xvL, tit. 5. 1.

84.) Two more constitutions or lawa of Honoriua (51 and 56 of the
same book and title in the Theodoaian Code) threaten with proscription
and death those who publicly profess certain heresies. These are the
oldest lawa on record which make heresy a capital crime ; but it ought
to be observed, that there ia no law in the whole Theodosian Code
which subjects heretics in general to the pain of death, that punishment
being reaerved for the leaders, those who collected as.'iemblagea of
people, made proselytes, and preached or spread certain heterodox
doctrines specified and condemned by the laws. The trial and punish-
ment in all such cases were left to the civil magistrate.

Freyious to the time of Theodosius I. there had been persecutions
of Ariana by the Orthodox, and vice vend, carried on through the
violence of individu.als ; but there waa no specific law making heresy a
capital offence. Towards the heathens the case waa different. Con-
tantius (a.d. 853) had forbidden heathen sacrifices under pain of death.
Theodosius I. confirme<l that law, and Theodosius II., after remitting
the capital penalty (a.d. 423), put it in force again in 426. (Gotho-
fredos, ' Dc Statu I'aganorum.') Most of the earlier fathers, TertuUian,
Cyprian, Lactantius, Hilarius, Ambrose, and Gregory Nazianzcnus, .and
even Athanasius, openly disclaim violence as a means of enforcing unity
and o)>edience to the Church. Chrysostom and Augustine however
think that heretics ought to Ije prevented from holding assemblies, and
ought to be confined or banished, but not put to death. But it ought
to be remembered that the heretics of those times, the Arians and
Donatiata in porticuUr, constituted political factions which rebelled

against the authority of the state, miu\lered their antagonists, demo-
lished their houses, and committed all sorts of violence, as may be seen
by the letters of Augustine.
The first person on record who waa juridically condemned and put

to death for heresy is Priscillianus, the leader of a sect in Spain, in the
latter part of the 4th century. Two Spanish bishops, one of whom was
called Idacius, accused I'riscilliauua, with two other priests or bishops,
before a councU held at Bordeaux, a.d. 3S5. Priscillianus appealed to
the emperor Maximus, who had assumegl the imperial purple in GaiU,
and who was then residing at Treves, whither Priscillianus and his

friends were taken, being followed by their prosecutor Idacius. Martin,
bishop of Tours, interceded in their behalf ; but after hia departure
from Treves, Maximus entrusted Evodius, the prefect of the Pricto-

rium, with the trial of the accused, and upon his report Maximus con-
demned them to be beheaded. This novelty was generally censured,
and Ambrose and Martin of Tours strongly reprobated the part which
Idacius had acted, and which they characterised as unbecoming the
episcopal character. The consequence was, that Idacius was excom-
municated, and died in exile.

Justinian, in the first book of his Code, in which he treats of the
Cathohc faith, and defines its creed according to the first four general
councils, of Nicaja, Constantinople, Kphesus, and Calchedon, forbids
public disputations upon dogmas, and enacts several penalties against
heretics, Jews, and apostates. In the ISlst Novel, the same emperor
says :

" We receive the doctrines of the foiu- Holy Synods as the Divine
Scriptures, and their Canons we observe as laws." Thus the orthodox
creed, as expounded in the four councils, became the law of the empiie,
an empire which waa then administered despotically, and dissent from
that creed was an offence against the law. From this principle the
whole penal cotle ; against heretics was derived. But for several

centuries after, cases of heresy were tried and penalties awarded by the
ordinary courts, as the bishops had not then any tempoi-al jurisdiction.

In course of time however councils interfered, and after condemning
particular tenets as heretical, specified in some instances the punish-
ments to be inflicted upon heretics, Jews, and apostates. [Jews.] It

became the practice for the bishops to examine the accused, and decide

whether there were sufficient grounds for the charge of heresy against

them ; if the charge was proved, they were to admonish them, and
convince them of their errors, after which, if the accused remained
obdurate, the bishop handed them over to the secular court. " Heretic!

perseverantes in errore reUnqu.intur Curiic secularis judicio." (Council
of Tarracona, a.d. 1242.) And the law of Las Partidaa, which is still

the fimdamental code of Spain, promulgated in 1253, says :
" Heretics

may be accused by any one of the peoi)le before the respective bishop
or Ilia vicar, who must examine and interrogate them ui)on the various

articles of the faith, and if they find tliat they err in them or in any
other thing which the church of Home commands to be believed and
observed, ho must endeavour to convert them and make them forsake

their errors by^means of good arguments and mild words. And when
the penitents have acknowledged their belief, they are to be reconciled

to the church and be forgiven. But if it so happens that they will not
forsake their errors, the bishop must convict them as heretics, and
then hand them over to the secular or lay judges." The lay judges
however were not mere executors of the episcopal verdict : they
examined the jiroceedings, and having convinced themselves of their

regiUarity, they awarded the penalty. By a clause of the same law of

Las Partidaa, " the property of those who are condemned as heretics,

or who die in the heretical belief, belongs to their children or other

descendants." The principle of confiscation is^here not recognised.

This was in the kingdom of Castile ; but in Aragon, France, and Italy,

a different process was introduced by means of the Inquisition.

In the Council of the Lateran, convoked at Rome in 1215, by
Innocent III., new and severe enactments were made against heretics,

but the cognisance of matters of heresy was left to the ordinaries or

bishops. But some years before this time, Innocent himself, of his

own authority, had sent a commission consisting of two legates, who
were Cistercian monks, accomiKtnied by subordinate priests and oflicers,

to the south of France, in order to extirpate the heresy of the
Albigenses. These legates acted independently of the local bishops

;

they held their own court, before which they summoned, by the

authority of the pope, individuals accused of heresy, and condemned,
and inflicted penalties, and even capital punishments. Dominic de
Guzman, the founder of the order of Dominic;ms, was one of the

most zealous agenta of this commission, the members of which wore
called Inquisitors. This however was only a temporary and local

commission.

In 1208, Peter do Castehiau, one of the legates, who had become
obnoxious for his severity, was murdered near Toulouse, and Innocent

was BO exasperated, that he preached a crusade .against the Albigenses,

which, after a long stniggle, ended in their extennination. [Albi-

genses.] Honorius III., the successor of Innocent, issued new
jirovisions against heretics, which were enforced by the cuiperor

Frederic II. in three constitutions, or laws, dated Pavia, 1224, by
which he cmdemued impenitent heretics to death, and those who
repented to i>erpetual imprisonment. In the year 1228 a severe penal

law against heretics was enacted in the city of Milan by Cardinal

Godfrey of St. Mark, papal legate, with the consent of the archbishop

and the people ; it waa to the effect that " no heretic should
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be allowed to remain in Uie aUte of Milan; tliat any penon

mUit lay hands on a iMratk and bring bim before Uie niagia-

tiaUe; that tboae who were eoBTkited aa henttea br the Eodeu-

aalieal Court should be exeented by the prater within ten daya,

their hooaea pulled down, and their proper^ ooolbaatcd to the cuui-

munitT.'' (Calehi, * Historia Patri»; b. xiii. ; Corio, ' Storia di Milano/

part it, p. 7S J Verri, ' Storia di Milano,' ch. U.\ No leaa than flftocn

aeoti of heretiea, with atrai^ names, are enumerated by these histo-

rians as haring been discovered within the sUte of Milan. The arch-

bohop of Mihui at the time was Enrico da Settala, who exerted himself

grtiiUy in rooting out the heretics, and having probably exceeded all

boanda, he waa at last banished by the council of the republic, for

which the oonnoil and the podesti were excommunicated by the pope.

In the inscription on the tomb of this arclibishup, it was stated that

" being app<wited in.itiisitor, he destroyed tUe heretics." It was about

the year 12S3 that Tope Oresoiy IX. Uid down the rules ond defined

the jurisdictioD uf the inquisitors courts, which be sent ^to various

countries, under the name of Inquisitorial Missions. He appointed as

diief inquiaitor in Lombardy, Pietro da Verona, a Domimcan monk,

who was strenuously seconded by the then podeeti of MUan, Oldrado

da Treaseno, who consigned to the dames numerous heretics. The

likeness of this podesttf was, not many yean since, and probably i»

still, seeq aculjittu^ in relief in the facade of the boll of the mimicipal

council at Milan, with an in»cription recording, among other things,

that he had burnt the heretics as in duty bound :
" Catharos, tit

lU-buit, uxit." The chronicler Kiamma says, that he was the flist who
put heretiea to death in Milan. Bv degrees inquisitors were sent by

the popes to most Italian cities and states, where, with the consent of

the local authorities, they estaMiahed their tribunal, and had their

olBoen, notaries, informers, and other agents. Dominican monks were

generally emidoyed as inquisitors, as the principal object «f the insti-

tutiim of thor order waa to defend the orthodox faith by arguing and

pre-ithing against heresy, on which account they are styled " Frotrcs

rraxUcotoree," or brother preachcm. The inquisitor Pietro do Verona,

in the course of nineteen years, burnt a great number of heretics

throughout Lombardy, bailed or frightened away a still greater

number, and confiscated their property. A certain Coufoloniere of

Alliate, being warned that he was on Fra Pietro'a list, conspired with

several of his friends, who lay in wait for the inquisitor, and on the

6tli of April, 1252, as he was returning from Como to Milan, in com-

pany with another Dominican, they killed him near Barlassina, and

wounded his coqpanion, who died a few days aftor. The inquisitor

was ahortly after canonixed by Pope Innocent IV., tmder the title of

St. Peter Martyr. In 1277, another Dominican, brother Pagano da

Lecco, was killed in Uie same manner in ValtelUna.

The chroniclers of the various cities of Lombardy record the acts of

the inquisitors, and the number of heretics and witehes whom they

put to death at particular times. The chronicle of Muralto states that

brother Antonio da Casale, inquisitor of Como, in 1416, sent three

hundred heretics to the stake in one single year. Tartorotti states

that in the year T48fi forty-one witches were burned at Como. Barto-

lomeo Spina, ' De Strigibus,' ch. 13, states tJiat in the diocese of Como
the number of those who were tried annually by the Inquisition ox-

oooilnd one thouaand; tliat the inquisitor employed eight, ten, and

even mors vioan, and that almost every year about one hundred

iMTsons were burned. (' Lettere del Conto Q^battista Oiovio all' Abate

JScttincUi,' letter vL)

The Inquisition was introduced into Rome as well as other ports of

Italy by Gregory IX., and entrusted to the Dominicans, but it was a

long time before it was eatabliahed as a distinct and permanent court.

Inquisitors were appointed by the pope un particuLir occasions, who
viated the various provinces and towns, proclaiming to all persons the

obligatioo they were under of informing against those whom they knew
or nupeoted of being heretics, under pain of excouimtmication. At
the same time they also made it known that all persons guilty of

heresy who came of themselves before the inquisitor within a certain

toad period, and accused themselves and professed repentance, should

raesive absolution and be only subject to a OMumical penance. Theee

pananees were public, humiliating, and very severe, aa may be seen by

a letter of St. Dominic concerning a heretic whom he liad converted,

by the acts of the council of Bdners, in 1233, and of the council of

'Tarracona in 1242. After the expiration of the period of grace, the

inquisitor proceeded ez-q/Mo against those who were denounced, the

name of tne informer being kept secret : he examined witnesses

privately in presence of a notary and two priests, and having taken

down the endanoe in writing, I{e read it over to the witoeasea,

who were aakad whether they confirmed what had been read.

U there appeared to be sufficient' grounds for proceeding against the

•scuscd, the inquisitor ordered his arrest by the munioi|ial officers, and
he was taken to Uie convent of the Dominicans, if there was one in the

town, or to the jirinon of the ewileaiMHwil court. He was then interro-

gated by the inquisitor, ,-uid liis answers might be used afterwards as

evideooe against liim. If the accused denied the charge of heresy, he
waa supplied vrith a copy of the instruction and depositions, but with-

out the names ol the accuser and witnesses, and with the omission of

such rimimstsiiMi as might discover them. The accused linving made
his answer or dsfsDoe, which was taken down in writing, if hu denied

the oliarBss, the inquiaitor, together with the bishop of the diocese or

his delegate, if they thought proper, ordered him to be put to the tor-

ture in order to obtain Us confession. The torture minit be repeated

three times, but it was afterwarda ordered to be ap|)!ied only once

;

this regulaUon, however, waa ofton evaded by suspending the torments
and then resuming them, and considering the wholo as one torture.

If in the end there were not suHiciont grounds for the con>iction of

the prisoner, he was declared to be " suspected of heresy," was obliged

to make a public abjuration of all heresies, and was subject to certain

penalties, according to the nature of the case. If the acoused was cim-

victed of heresy, but professed his repentance, he w^as condcinnod to

prison for lifu—a i>enalty which, however, might be mitigated by the

mquisitor. But if he was a niaptetl,—that is to say, had been tried

before, and found guilty or only strongly suspected,—there was no
mercy for him : he was " relaxatua

;
" that is to say, given over to the

lay msgistrato, who, according to the civil and canon laws, waa bound
to put him to death upon the sentence of the inquisitor which declared

liim a heretic. The only favour shown to the relajiscd hereUo who
confessed and abjured uis guilt was, to be strangled before he was
burnt. If the convicted hereUc was not revised, but impenitent, •
respite of the sentence waa granted in order to effect his conversion,

and if he at last abjured his Ufe was spared, and he was sentenced to

peri>etual imprisonment. If he persisted in his impenitence, he waa
publicly burned alive. Such were the princi|>al characteristics of the

old or delegated Inquisition .is it existed from the 13th century to the

latter part of the Ifith, and the regulations of which ore found in the
' Directorium Inquisitorum ' of Fnar Nicholas Eymeric, a native of

Catalonia, and a Dominican monk of the 1 4th century, who held the
office of chief inquisitor in Arogon for 42 years.

The Inquisition had nearly fallen into disuse in the kingdom of

Aragon in the 15th century, in consequence of the total extinction of

the heretical sects in the south of France, whose spreading on the other

side of the Pyrenees had occasioned the introduction of the inquisi-

tional courts into Catalonia and Aragou. In the kingdoms of Castile

and Loon, and of Portugal, the Inquisition had not yet token perma-
nent root. But towards the end of the 15th century the Holy Office

was introduced into Spain under o new and more appalling form, and
became consolidated and permanent, and more absolute and independent

than in any other country of Europe. This is what is designated by
Llorente and other writers by the name of the ' Modem or Spanish
Inquisition.'

Alfonso de Hodeja, prior of the Dominican convent of Seville, and
Friar Philip de Barberis, inq\iisitor of the kingdom of Sicily, which
was then subject to the crown of Aragon, suggested to Ferdinand and
Isabella, in 1 477, the establishment of the Inquisition in Spain for the
purpose of punishing those Christians who secretly relapsed to the
Jewish bith. The converte, or children of converts, from Judaism,
were looked upon with dislike aad mistrust by the old Christians ; and
many of them were at the same't^tlke among the wealthiest merohonte
and monied men of Spain, and as suclr hod numerous debtors. Reports
were spread of their secret meetings with those who had remained
Jews, of their profaning the images of Jesus Christ, and even crucifying

Christian children. Ferdinand easily listened to the suggestion ; but
Isabella, a princess of mild character, hesitated for some time, and
without her consent nothing could l>e circcted in the dominions of the
crown of Castile. Means were at last found 'to alarm her conscience ;

she was told that the interests of religion required her acquiescence, and
accordingly she solicited, by means of her ambassador at Rome, a papal

bull, authorising the establishment of the Inqiusition in the kingdom of

Castile. The bull, despatehed from Rome in November, 1478, authorised

Ferdinand and Isabella to appoint two or three bishops or other digni-

taries of the Church, aged at least forty yearH,<)l' irrepraocliable character,

graduates in theology and the canon law, who were to be comuiissioned

to seek after and discover, throughout the dominions of the Spanish
sovereigns, all apostates, heretics, and their abettors, with full power
to proceed against them according to law and custom. Isabella, how-
ever, suspended the execution of the bull for two years, desiring at the
same time that measures of persuasion should be adopted to warn the
relapsed converts of their error and of their danger. A catechism was
composed expressly for them, and several pamphlets against Judaism
were issued. In 1 480 the Cortes of Castile assembled at Toledo, and
passed several restrictive measures against the Jews, with the view of

checlung their intercourse with the Christians. Nothing, however, was
said in that asRombly about the Inqidsition. At last, in September,
1480, Ferdinand and Isabella, who were then staying at Medina del

Osmpo, appointed two Dominicans as inquisitors, with an assessor and
a fiscal aittomey ; and on the 9th of October a royal order was
despatched to the governors of provinces to furnish the new inqui-

sitors and their reUnue with everything necessary for their journey to
Seville ; and at the same time their privileges were declared, which
were the same as those granted by the Emperor Frederic II. t<> the
inquisitors in Italy in the 13th century. The inquisitors established

their c.iurt in the Dominican convent of St. Paul of Seville, whence,
on the 2n<l of January, 1481, they issued their first edict, by which
they ordered the arrest of several " new Christians," as they were
styled, who were strongly siupeoted of heresy, and the sequestration

of their jiroperty, denouncing the pain of excommunication ogainst

those who favoured or abetted them. The number of prisoners scon
became so great that, the Dominican convent not being large enough
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to contain them, the court was removed to the castle of Triana, in a
suburb of Seville, The inquisitors issued another edict, by which they
ordered every person, under pain of mortal sin and excommunication,
to inform against those who had relapsed into the Jewish faith or

irites, or who gave reason for suspecting them of being relapsed, speci-

fying numerous indications by which they might be known. Sentences

of death soon followed ; and in the course of that year (1-181) 298 new
Christians were burnt alive in the city of SevUle, 2000 in other parts

of Andalusia, and 17,000 were subjected to various penalties. The
property of those who were executed, which was considerable, was con-

fiscated. (Mariana, 'Hist, de Espa&a,' b. 24, ch. 17.) The terror

excited by these executions caused a vast number of new Christians

to emigrate ; several who were condemned as contumacious repaired
to Rome, and appealed to Pope Sixtus IV. against the in(|iiiaitors.

The pope wrote to Ferdinand and Isabella, in January, 1482, com-
plaining of the arbitrary conduct of the two inquisitors appointed by
them, revoking the authority which he had given to their majesties to

appoint other inquisitors, and reserving that right to himself, which he
exercised by a brief in the following February. Among these new
appointments was thiit of the afterwards famous Torquemada. Queen
Isabella now wrote to the fKipe, requesting him to give a permanent
and fixed form to the new tribunal, and to make its judgment definite

without appeal to Kome, complaining at the same time that she was
accused of doing all that she had done in favour of the Catholic faith

for the sake- of the confiscations which follow the condemnations. The
pope laid the proposal of Isabella before a committee of Spanish cardi-

nals and bishops who were then at Rome, and among whom was
Rodrigo de Borja, afterwards Pope Alexander VI. By their advice,

Sixtus IV. despatched a brief to Isabella, appointing Manrique, arch-

bishop of Seville, to be apostolic judge of appeal for all Spain, with
power to decide on all appeals from the judgments of the Inquisition.

By several other briefs, directed to the various archbishops of Spain,

the pope gave them the power and regulated the manner of appoint-

ing the ordinary intjuisitors in the various dioceses. Notwithstuiding
these measures, appeals from Spain 'continued to be received at

Rome; and the pope again wrote, in August of the same year, to

the Archbishop of Seville, ordering the proceedings against several

individuals to be quashed, and recommending mildness and moderation.

This recommendation however had na effect. Soon after, the pope
appointed Thomas de Tor(|uemada, prior of the Dominican convent of
Segovia, to the new dignity of inquisitor-general of the kingdom of

Castile ; apd by another brief, dated 1 7th October, 1 483, he made him
likewise inqiusitor-general of the kingdom of Aragon, with full juris-

diction over all other inquisitors in Spain and its dependencies. His
powers were confirmed by Innocent VIII., in February, 1486. Tor-

quemada chose for his assessors and councillors two jurists, J. Outierrez

and Tristan de Medina : he created four subordinate courts, at Seville,

Cordoba, Jaen, and Villa Real ; the last was soon after transferred to

Toledo. The Dominican monks, who had been appointed inquisitors

by the pope in February, 1482, at first refused to submit to the autho-

rity of Torquemada, but they finally yielded. Ferdinand at the same
time appointed a royal council of the supreme Inquisition, " Consejo
de la Suprema Inquisicion,' of which the grand-inquisitor was president

of right and for life, and a bishop and two doctors-at-law were cotm-
cillors. The councillors had a deliberative vote in all matters of civil

law, but the president alone judged in matters which concerned the
canon or ecclesiastical law.

Torquemada and his two assessors framed the organic laws of the
new tribunal, which were styled ' Instructions,' and were partly based
on the older ' Directorium Inquisitorum ' of Eymeric. Being sanc-

tioned by a junta of the inquisitors of the four courts wliich he had
established and of the royal councillors, the instructions, consisting of

28 articles, were promulgated at Seville, the 29th October, 1484.
They are given at length by Llorente, in the sixth chapter of his

History. New articles were added to them in 1488 and 1498; and,
lastly, the inquisitoc-general Valdez, in 15(il, compiled a new series of

ordinances in 81 articles, which regulated ever after the practice and
proceedings of the Spanish Inquisition. They are also given by
Llorente, in the 22nd chapter of his work. They are substantially

the same as those already noticed as being in practice by the old
Inquisition, but are more minute, and rather more unfavourable to

the accused. By the old practice, for instance, the names of the wit-

nesses for the prosecution were in many cases communicated to the
accused, to whom they were of great use for his defence. Confiscation
of the'property of those who were condemned was not generally en-
forced under the old practice, and this was more particularly the case
in the kingdom of An^on, a circumstance which explains the resistance

of the Aragonese, among whom the old or delegate Inquisition had
been established for centuries, to the introduction of the new Inquisi-
tion as instituted by Torquemada.

Another important characteristic of the new Spanish Inquisition
was its compact organisation and independence of all other auworities.
The inquisitor-general was appointed for life ; he was proposed by the
king and approved by the pope. He appointed all other inquisitors
under him, as well as visitors and other agents. He had full and dis-

cretionary power by the papal bulls in all matters of heresy. The
grand-inquisitor, bemg thus placefl as a distinct power between the
king and the pope, was in reality independent of botlL Ho could
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refuse to submit to those papal decretals and bulls which he did not
approve, by alleging that they infringed upon the rights of the Spanish
monarchy ; and he could Ukewise evade the king's ordinances, by
alleging the papal bulls which forbade the inquisitors to tamper with
the secular power under paiu of excommimication. Among other
proofs of this assumed irresponsibility, one of the strongest is the
famous trial of Carranza, archbishop of Toledo, in the reign of Philip

II., who had attended Charles V. at St. Yusto in his last moments,
and whom neither the briefs of the pope Pius IV., nor the remon-
strances of the prelates .issembled at the council of Trent could save

from being confined in the prisons of the Spanish Inquisition for more
than seven years, without a termination of his trial ; and when at last

pope Pius V. demanded of the Spanish inquisitor and of the king,

imder pain of excommunication, that the archbishop and the papers
of his trial should be sent to Rome, all sorta of obstacles were thrown
in the way of his departure and hLs final ac((uittal by the pope. After
the death of Pius V. new proceedings were commenced in Spain to

prove the archbishop guilty of heresy, and on the infoi-mation being
transmitted to Rome, Gregory XIII., who had succeeded Pius V., was,

though with erident reluctance, induced to declare, on the 14th April,

1576, that the archbishop of Toledo was strongly suspected of believing

sixteen propositions qualified as Lutheran, and which had been de-
duced from the context of his writings by the casuists of the Inquisition.

He was then sentenced to five years' confinement in a Dominican convent
and other canonical penances. A few days after this sentence, the arch-

bishop, who was then seventy-two years of age, was taken dangerously
ill, and before receiving the sacrament, on the 30th of April, he so-

lemnly declared in presence of several witnesses " that he had never
fallen into the errors with which he had been charged ; that his expres-

sions had been distorted into a meaning totally different from his; that
he however humbly submitted to the judgment pronounced by the
sovereign pontiff, and heartily forgave all those who had taken part
against him in the trial, and would pray for them before the throne of

Grace." On the 2nd of the following May the archbishop died in the
convent of La Minerva at Home, in which he was detained, and where
he was burie<L An inscription was placed over his tomb by order of

Gregory XIII., in which he was described as a prelate " illustrious for

his birth, his life, his doctrine, his preaching, and his charity." Llorente
gives a copious abstract of this celebrated trial in chapters 32, 33, and
34 of his ' History of the Inquisition.'

Pope Paul III., alarmed at the progress of the doctrines of the
Reformation, with the consent of Charles V. sent inquisitorial com-
missioners to the various states and provinces of Italy to try heretics

;

but they were instructed to proceed according to the usual form of the
ecclesiastical courts, the depositions and names of the witnesses were
to be communicated to the accused, and sentence of condemnation was
not accompanied by confiscation ; in short their powers were very
different from those of the Spanish Inquisition. The Siianish viceroy
of Naples, Don Pedro do Toledo, applied to the pope for an inquisito-

rial commissioner with a brief to proceed against persons suspected of

heresy, but the Neapolitans, who were acquainted with the severities

of the Spanish Inquisition, revolted, and, after much bloodshed,
Charles V. promised that no luquisition should be established in the
kingdom of Naples, and that cases of heresy should be tried, as before,
by the ordinary episcopal coui-ts. These occurrences took place in

1546-7, and the Nea{)olitans, the better to secure themselves against
the dreaded tribunal, established a court whose ofiice it was to watch
against any attempt to introduce the same under any shape—a kind of
inquisition against the Inquisition. This court, which continued to
exist till the French invasion of 1 799, was styled " Tribunale contro
quello del Saut Uffizio," and was composed of deputies, chiefly noble-
men chosen by the different Seggi into which the Neapolitan nobility
was classed. To the Neapolitan character, mercurial and communica-
tive, the secret and mysterious proceedings of the Inquisition were
peculiarly obnoxious.

Philip II. wished to introduce the Spanish Inquisition into the duchy
of Milan, but the towns of Lombardy sent deputies to the council of
Trent to remonstrate against it, and the Milanese and other Italian

bishops wrote to the pope and to Cardinal Borromeo, representing that
the Inquisition of Spain acted in the dark, in an arbitrary manner,
aud with strange and fearful forms of proceeding, that it took away the
jurisdiction from the bishops, that it showed itself more a rival than a
subject to the papal sec, that it had repeatedly refused to send a copy
of its trials to Home, and that if it were introduce<I into Italy, the
Itahan prelates, having its terrors before their eyes, would become
estranged from the holy sec. The pope, being easily persuaded by
these reasons, interposed with King Philip, saying that if required he
would, after consulting with the bishops of Lombardy, himself send
inquisitorial commissioners from Home, who should proceed not accord-
ing to the Spanish form, but according to the canon law, and without
prejudice to the episcopal authority. Thus the Spanish Inquisition

was not intrwluced into Milan or into any other Italian state, with
the exception of Sicily, which was an old dependency of the crown of

Aragon.
The court of the Inquisition, as it was established in the 16th

century, in Tuscany, Venice, Milan, Parma, and other Italian states,

consisted of one inquisitor, sent from Rome, with Assessors approved by
the sovereign of the respective states, who appointed deputies or oom-

8t.
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I to atUnd the Uuk uid raport to hin. Tb* mitenwf of

Mm oourt were Mibjoct to Um aaatian of th* Umponl •OTwagu.
Tbo npublic of Venio* ahowed iiieU the most jwloua of it* love-

rei^ riglita io tiu» putieiUkr. A Mriet of itatutM were iwued at

Tarioiu timaa by the aanate to mgulato the prooeedings of the inqui-

itora, whioh bm givan by Paolo Satpi, in hi* ' History of the Venetian
Inquisition,' aad by Limbordi, b. L, ob. 17. By a oonoordat with
Pop* Juliua UL, ISSl, it waa dactaed that three aanaton were to

aWaod all the prooeedinga and judgmenta of the Inquiattion in the

city of V«nia*k and «ltK/^tgb thay took no part in the trial, they had
Um right to auipend the aisoution of the sentence and report to the
aanat^ la the provincial towns lay magistrates wwe wpointed to

parlonn the same duty iu the reqpeotiTe courts oi the Inquisition.

The InquisitioB oould not molest Jews or other unbelievers, or Oreeks
living 4iiidsr the protection of the rapublic. It could not take cog-

niianriH of caaaa of blasphemy or polygamy—which belonged to tlya

asoular juriadiotian—nor of witohcraft, nor of minor infractions of

disniplina, snob aa eating or selling of meat on Fridays, &c. Numerous
other checks are provided by the same statutes. In short, although
the Venetian senate waa obliged by prudential reasons to admit the
Inquisition within its territories, it took care to render it as inoSensive

aa possible. The famous tribunal of the state Inquisition, was entirely

a political institution of the Venetian aristocracy, and must not be
confounded with the eeclesiastieal Inquisition.

In Tuscany the Erand-^ukea Medici had provided that deputies
appointed by themsdves should attend the trials of the inquisitorial

court, and ahould report to them, and that no sentence should be
ei^ctttod without their sanction. But in the year 1566, Pope Pius
v., aiealoas promoter of the Inquisition, demanded of the Qrand-
doke Coamo I. the person of Pietro Cameseochi, a man of some rank
and learning, and well aSaotad to his sovereign, but who had publicly

adopted sev^al tenets of the Protestant Reformers. Cosmo gave him
up to the officers of Rome, but at the same time wrote earnestly to the
pope to save hiuL Pius was inclined to spare his life, if Cameaecchi
had shown sigus of repentance, but he boldly persisted in his opinions,

and in August, 15t!7, he was convicted by the Roman Inquisition of

thirty-four heretical teneta, and condemned to death. The grandduke
again wrote in his behalf, and the popo 8us|>ended the execution for

tm days, promising to spare his life on condition that Camesecchi
should abjure his tenets, and he sent him a friar to exhort kim to do
so. But Cameaecchi remained firm : he argued with the monk, and
wanted to gain him over to his own opinions. He was publicly

beheaded at Borne, and afterwards burnt. In the following century
Galileo was summoned from Florence to Rome, where, however, he
waa treated with ooilsideiable lenity, and after a verbal abjiuation and
a few mnntJis' oonfinement, he wss allowe<l to return to Florence.

The azoootioDa in Tuscany in oonaeqtiance of sentences of the Inqui-

aiticHi were oompaiatively few. The tribunal continued to exist in

Tuscany till the reign of Leopold of Austria, who began by curtailing

its jurisdiction, took sway its " sbirri," or bailifis, gave the censorship
of books to a lay magistrate, and at last abolished the tribunal alto-

gether in 1787. About the same time it was suppressed at Milan by the
Emperor Joseph U. In 1769 the Duke of Parma abolished it in his

temtoriea.

Pop* Paul III. founded at Rome, by a bull dated April, 1543, the
Oongwgstinn of the Holy OSoe, consisting of six cardinals, who were
stylad " iBquisitors.general of the fkith," who had the superintendance
over all other inquisitors, and ha gave them full authority to proceed,
without the ooncurrance of the ordinaries or bishops, against all

berstaos or pessons suspected of heresy, to punish them, confiscate

thair property, to degrade and deliver to the secular cotu^ all clerical

oSmdats, to call in if required the assistance of the secular arm, to
appoint inquiaitors with suoh powers as they thought proper, to
appoint fiscal attorneys, notarise, and other ofHoials, and to hear and
decide on appeals from the judgment of other inquisitors. The pope,
bowevar, daolared that by tbia bull he did not intend to make any
•Mantioa in the privileges of the Spaniah Inquisition as then

In 1H4 Pope Piua IV. ooDfirmed and extended the powers of
the Roman Inquisition, which, however, were resisted in the king-
dom of Fianoe. In that kingdom there waa no regular tribunal of the
InqokitioB. The Cardinal da Lorraine, under Henri 11., had indeed ap-
pontad flahytsd inquiaitors who acted as extraordinary judgos in the
trials ol the HuguaooU, but their juriadiotion waa not exclusive, as the
rariiamsot also took oogniaaaaa of the crime of heresy, besides which the
king appointed spaoial oooimiadonen for the same purpose. (' Histoire
du Parlement de Paris,' ch. 21.) But the authority of the Inquisition
was totallv abolished in France aa soon as tolerance was established
br the Edit da Nantes under Henri IV., which allow«<1 the Protestants
tbaasarciseof their religion, for tolerance and the Imininition could
BO* poanbly exist togathtr; and although Louia XIV. afterwanla
iwfokad that sdiet and persecuted the Protestanta, he did it by means
of th* asonkr power, and took care not to allow the introduction into
his kingdom of an eccleaiastioal tribunal which would encroach upon
hia own aovareign authority. But he advised his grandaon Philip V.,

whom ha nbeed on th* throne of Spain, to maintain the Inquisition as

a means of aoMiiM the tranquillity of that kingdom.
Sixtns V. in 1S88, having distributed the canlinals into fifteen con-

grentioM or boards, made that which was styled " Holy Roman and
UnlvsrMl Inquiaition" to consist of twelve cardinals with several

prelataa as assessors, including the Master of the sacred palace, several

monka with the title of " oonsultors," beaidea other clergymen and
lawyers called " qualificators," whose business it was to prepare the

cases. "This is the Inquisition which still subaists at Rome, but its

jurisdiction does not extend beyond the limits of the Pki>al States, and
It is generally understood that ite powera are exercised with consider*

^le leniency and caution. Pius VIL, after his restoration, is said to

have aboliahed the use of the torturs. The Roman Inquisition watches
more particularly over tbo conduct of the clergnr, and has also the

oenJiorahip of the press and of the introduction of Ku-eign works. The
territory subject to the dominion of the pope is now the only country

in which the tribunal of the Holy Office still remains.

In Germany and iu Poland, the Inquiaition has long since oaased to

exist. In Spain it was suppressed, first by a decree of Niqioleon, dated
Cbamartin, 4 December, 1808, as encroaching upon the righto of the
sovereign, " attentoire kla souverainetd

;

" and on the 12th February, 1813,
the extraordinary Cortes of Spain assembled at Cadiz definitively sup-

pressed the Inquisition, as being incompatible with the new political

constitution of the monarchy. At the same time they restored to the
bishops the exercise of the ecdesisstical jurisdiction in cases of heresy,

Ferdinand VII., after his restoration, re-established the Inquisition by
an unlinonco of the 21st July, 1814, and appointed the bishop cdl

Almeria inquisitor-general. In this act Ferdinand stated to the peopkt

that one of his objecte iu re-establishing the Inquisition was " to

repress the mischief occasioned to the national faith by the presence of

the foreign troope which were not Catholic," including of course hia

oUies the English, who hod been the chief means of restoring him to

the throne. It continued iu Spain till the Revolution of 1820, whan
it was sgain suppressed by the Cortes. During these five years of its

re-establishment, many persons were arrested, but none appear to have
been put to death in consequence of its judgmento. When Ferdinand,

in 1823, a second time overthrew the constitution, he did not re-esta-

blish the Inquisition. In Portugal, the Inquisition, which was like-

wise abolished by the Cortes, has not been restored.

Various and often exsggerated occounto have been published of tha
number of persons put to death by the Spanish Inquisition during the

three centuries of ite existence. Llorente, who wrote with oalmnnaa
and had aocess to the archives of the tribunal, gives an approximate
estimate of the number executed under each inquisitor-general, from
which it results that the total amount in Spain is about 32,000 persons
burnt, either alive or after being strangled, 17,000 burnt in effigy, and
291,000 condemned to various terms of imprisonment, to the goUeya,
or subjected to other penalties. During the eighteen years of Torque-
moda's inquisitorship alone, about 8800 persons were burnt. This
calculation does not include the Spanish coloniea, nor the islands of

Sicily and Sardinia, which wore long subject to the Spanish Inquisition.

It is impossible to aaoertain the amouut of the victims of the Inqui-
sition in these as well as in other countries of Europe. Tbo Ust
person burnt by the sentence of the Inquisition in Spain was a woman
accused of having formed a contract with the devil. She was burnt at

Seville, on the 7th of November, 1781. The three last inquisitors-

general, from 1 783 to 1808, did not sentence any one to death.

In examining the history of the Inquisition under its various forms
two things ought to be carefully distinguished ; the principle and the
practice of that remarkable institution. The fundamental principle of

the Inquisition is, that heresy, that is to say, dissent from the toneto

of the Itoman church, is a heinous crime, and liable to both spiritual and
temporal punishment. This principle however is not peculiar to th*
Inquisition : it is that of the canon law, and it has the oounteoanos ol

the Roman law in several oonatitutions of the early Christian emperon.
In every country therefore in which the canon law has civil or tem-
poral force, the principle subsists, although it may lie dormant. A
subject of suoh a country who should openly dissent from the est^
blisned Church is liable to prosecution by the episcopal or the secular

cotvta. This ia still the case in sevnal statea of Italy, and even in

Spain and Portugal under their new constitutional govenunento, at

least until a new code shall be enacted. It must not be forgotten

that the Inquisition wss established in Spain while the Cortes of

Aragon and Castile were still in full vigour. The minister of

justice stated in the Sjianiah Cortea that laws were still in force by
which persons, dying in a state of heresy, cannot bequeath their pro-

perty. It is not therefore sufficient for the Inquisition to be aboliahad

in a country, in order to ensure liberty of oonsoienoe ; it is not even
suflcient for this purpose to establish a representative or r^uUioan
government, as long as the canon law remains in force and th« majority

of the people do not tolerate dissent. In the small demooraoies of the

forest cantons of Switzerland, which are exclusively Romsn Catholic,

no dissent from the church is allowed, and persons accused of heresy

are severely punished or obliged to emigrate.

In spudtiug of ruligiouB liberty, peo]>le ore apt to confound three

things very distinct, such as toleration, Uberty of conscience or of

opinion, and full religious Uberty. Toleration properly applies to

foreigners who profess a different faith from that established in the
country which they come to vi/iit or inhabit for a time, and who ore

tolerate<l, that is to say, allowed to remain unmolested, and in some
cases are permitted to have chapels of their own communion. This is
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nrofuae ; the liberal, penuriooa ; the (ober, drunken." Pmsiou which
Bad loog been dormant reaume their away, and caat shame mingled
with pity oTer the yean of declining age.

8. The t«rm monomania haa been propoaed by M. Eaquirol, and
adopted by most writers on mental disorders, to designate those cases

of insanity in which the mind is oocnpied by some illusion or erroneous

ooDTiction, the individual still retaining toe power of reasoning cor-

reotly on matters unoonneeted with the subject of his delusion. The
word " melancholia " has bem used in the same aonso, which has given
rise to the erroneous notion that insanity of this kind is neceasaruy of

a gloomy chancter. It is rarely that tho mind of the monomaniao is

otaerwiae perfectly sound ; there is generally combined with the delu-

ioa a monid state of the moral feelings, and in many instances a great

weakoeas of the reasoning faculty. The subject of the delusion is veiy
various. It may have reference to the condition of the individual s

own person ; thus, some hncy that they have lost their head, others
that their legs are not their o\ni, but belong to some other person,

others again that Ouy have the devil or some animal within them, tliat

UMy are dead, or that they are changed to some other form, &c.
Monomsniacs subjects of the last delusion are thus described by
Pope,-

•* Unnambered Ihrangi on every tide are tern.

Of bodies changed to variona fomu by spleen ;

Hers Uvliig tea-pots atand, one arm held out,

One beat ; the handle this, and that the spout

;

A pipkin there, tike Homer's tripod walks ;

Hne sighs a Jar, ind there a goose-pic talks."

It is probable that in many cases of delusion regarding the cuudition

of the body there is some morbid state of the nerves, causing a sensa-

tion which excites in a mind prone to insanity an idea which the reason

is unable. to correct. Another kind of delusion is that which cha-
racterises the " demonomania " of some writers. It consists in a belief

in the presence of invisible beings whom the lunatic sees, hears, and
converaes with. Religious delusions are frequently of this character :

the manian iwea and communes with the Almighty or with angels.

Such ideas, being very often combined with despondency, lead to

suicide. Others who are subjects of such delusions fancy themselves
constantly followed by some person who has the purpose of Injuring
them. A third kind of delusion refers to unreal events which the
individuals believe to have occurred, or consists in a belief in some,
absiudity which has no foundation except in the patient's imagination.

Such a monomaniao was the gentleman who thought he had been con-
fined in a castle, and corresponded with a princess by writing letters in
cherry-juice. The delusions which most frequently take possession

of the thoughts of the proud or vain madman are referrible to the
bead of those which arise from abstract ideas conceived in the mind
being mistaken for realities. An ambitious dreamer may for a moment
imagine himself a king, but it is only a lunatic who faUs soon to {ler-

oeive that he is such only in his own thoughts.

There is generally some connection to be traced between the nature
of the illusion and the former occupation of the monomaniac, or the
ideas which have chiefly engaged his mind. Thus a butcher is said to
have fancied that he had a leg of mutton hanging from his nose ; a
youth, the aon of an attorney, htncied himself suspected of a horrible

crime, and that the officers of justice were following him ; persons who
have had their thoughts much directed to religious subjects imagine
when they become insane that they have received a charge from the
Almighty ; that tbay are persecuted by the devil, Ac, Ac.

3. Oena«l derangament of the intellect presents many varieties and
degreol; but the distinguishing character Is that the faculties of the
mind generally are diaoidersd ; the patient will not speak on any sub-
jeot long without betraying the defoot of his reasoning rawer. This
will in one person merelylead to strange iirational conduct and con-
Tersotion—its necessary consequences ; in another it will be attended
with loud and violent raving (mania) ; in a third there will be singing,
and a gay chi«rful air ; while a fourth case will be characterised by a
low muttering inooheroDoe. This mneral insanity is most frequently
sttaoded with distorfaonoe of the bodily hcoltli. The symptomi of
Bsalal excitement frequently increase in violence for a lUiort time,
than gradually subside into a more quiet state, which too often termi-
naias in mental imbecilito.

4. The mixed forms ofmadnass are bv lu- the most frequent. Mural
insanity, the disturfaanoa of the morsl feelings and propensities, is

ganaraOy attaodad with soma dcsrree of weakness of the reasoning
nowan, or with some delusion. The general derangement of intellect
has combined with it on excited state of some of the feelings ; and
monomania in the pure fumi,a mental delusion witliout furtherdisorder
of intellect, is vAry rare.

C. The dontion of insanity has no certain limits ; the attack may
last but a few weeks, or it may continue many years. It is not uncom-
mon to meet in lunatic a^lums with petaona who have been insane
twenty or thirty years. When the disordered state of tho mind is thus
protracted, it usiullv terminates in loss of the intellectual faculties. The
stats of imbecility, dementia, or fatuity, which then suooeeds, has many
dagrasa. It oommenoes by the loos of memory, particularly for more
raoant events ; the mind noeivea imprsaslons and perceives them, but
tha faculty of retainii^ them seems to be lost. It is this state which
so frequently attends the advance of years, and gives warning of

approaching decay, when the mind is otherwise sane. In the latter
instance the fsculties are exerdaed in a sound manner when the atten-
tion is roused ; but frequently the words which were spoken but a few
minutes previously are forgotten, thou^ the memory fur the event* of
youth is quite distinct In a second degree of imbcciUty the power of
directing the thoughts is lost ; ideaa come and go without order and
indepenaently of the will

; questions are still heard and attempts are
made to reply to them, but before the answer is half completed the
train of thought is lost, and the mind and tongtie wander to other sub-
jects. In proportion as the mind becomes more and more weakened
the external senses also become deadened ; there is a careleasneas of all
that is going on around ; life is reduced to the state of that of bnite
animals ; the instincts alone guide the actions. The features are void
of exprenion, the coimtenanoe vacant, the eyes wandering. At last
even the instincts are lost ; the miserable creatures seem almost uncon-
scious of life ; careless of Uie calls and wants of mture, they sit or lie

motionless in one position, and frequently lose even tho use of their
limbs.

Disease in the brain may thus go on to the abolition of all the
functions by which mind is manifested, without iuterferiug with those
other functions of the botly on which mere existence depends. Insanity
cannot be regarded as a ver}- fatal disease. Of the lunatics at the asy-
lum Bicdtre in the year 1822, one patient had been there fi6 yean;
8 had been con6ued upwards of 40 yeora ; 21 more than 30 yean

;

60 upwards of 20 years; aud 107 more than 10 years. Of those in
Solpetri^ seven cases hod beeu admitted from 60 to 67 years. It is

difficult to ascertain the proportional number of recoveries from
inaimity, so different are the statements made by different writen.
While some authors have reported the cure of nearly 6 in 6 cases,
others have estimated the proportion cured as less than 5 in 10; some
have stated it to be as low as S in 16. The chance of recovery, how-
ever, varies very much according as the insanity is complicated or not
with oUier disease ; it is also influenced by the form of the disease, the
period of its course, the age, sex, and constitution of the patient Of
the diseases which occasionally com])Iicate insanity, epilepqr and para-
lysis are the most important Whether paralysis affect tbe motion of
the limbs or the speech only, the case is generally considered hopeless.
The complication with true epilepsy, not mere convulsion from tempo-
rary cerebral excitement, is nearly equally imfavourable. It appears
that the general derangement of the intellect is more curable than
monomania, more especially in men. The state of imbecihty is almost
certainly incurable. Tho periixl of the disease at which it is brought
under treatment has a very important influence on the chance of
recoverj-. Of those who enter asylums soon after the commencement
of the malady, 7 out of 8, qr even tf out of 10, recover ; while after the
third year the probable proportion of cured is not more than 1 in 30.
The mean duration of cases terminating favourably seems to be from
5 to 10 months. The age most favourable for recovery from insanity
is the period from the 2Utb to tho 30th year; few recover after the
50th. Insanity is generally more curable in women than men. There
is more hope of recovery when some secretion of the body is suspended
which may bo restored by medicine, or when a critical period, such aa
that of the appearance or cessation of the catomeuia in women, is at
baud ; at such periods as those last referred to insanity has ceased
after luiving peraisted for many yean.

During the period of convalescence there is groat liability to reUpse,
but this diminishes with the increasing length of time during which
the patient manifests no syuiptouis of imsoundness of mind. The
more complete the recovery, tho more likely it is to be permanent ; if

the judgment be strong, and the feelings neither depressed nor irritable,
relapse is much less to be fearod.

CVtaset.—Some individuals appear to bo so prone to insanity that very
slight causes arc sufficient to induce it iu them ; or it is probable
indeed that there is always some peculiarity iu the constitution pre-
disposing to it, since the apparent causes do not dillVr from those
which, acting on other persons, produce other diseaaes and not insanity.
Ue this as it may, a tendency to mental and other cerebral afflictions
is often observed to prevail in families, and to be transmitted from
parents to ofibpring. An attack of insanity not only produces such a
change in the system as to render it more prone to the disease than
before, but the condition of the body, or rather of the brain, thus
induced, ma^ be transmitted to the children. This fsct is so well
known that it is unnecessary to insist further upon it The hereditary
predisposition is said to be stronger when both parents have been
insane. A remarkable circumstance relating to the hereditary trans-
mission of insanity is that the form of the disease which affects different
individuals of a family is often tho same, and that it attacks them
about the same age. It is on opinion generally adopted that inter-
marriage in families gives rise to the pre<lispositiun to mental disorder,
as it certainly does to weakness of body and mind. Intermarriage
must tend to strengthen or mftintflin original peculiarities of consti-
tution, and therefore any predisposition to disease which may exist.

It is almost impoasible to ascertain the proportion of cises connected
with hereditary predisposition, so much is it the desire and interest of
families to concod such a circumstance.
The proportion in which the sexes are affected with insanity varies

very much in different parts of the world. In Great Britain, and
Ireland the proportions of males to females insane is stated to be as
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13 to 12. In Italy also the number of male Umatics is greater than

that of the females. But in France there are more females than males

insane, in the proportion of 14 to 11. Calculating from statistical

accounts derived from different parts of the globe, M. Esquirol found

that the proportion of men to women insane is nearly as 37 to 38.

The concurrent testimony of French and English physicians tends to

show that the number of the male sex affected with lunacy, as com-
pared with the female sex, is greater in the higher than in the lower

ranks of society.

Insanity is rare, though it sometimes occurs, before the period of

puberty. It is from the age of 1 -t to 1 7, when a great change is taking

place in the system, and when the passions begin to be more active and

more liable to excitement, that insanity becomes frequent. The
liability to the disease increases up to the age of 40 ; and although the

absolute number of persons in lunatic asylums of different ages from
40 upwards becomes less and less, yet if we take into consideration

that the number of persons living at the more advanced ages is also

much less, we shall be led to infer, not that the liability to insanity

diminishes in old age, but, on the contrary, that it rapidly increases.

An excellent paper by M. Esquirol on the statistics of insanity, in

which the number of insane persons at the different ages is compared
with the population of the same ages, shows this in a very striking

manner.
Of the causes which excite the development of insanity in individuals

predisposed to it, those which act on the mind are the most efficient.

it will most frequently be found that immediately before the attack

the patient has suffered some severe vexation or disappointment from
family troubles, pecuniary embarrassment, &c. We have seen that

insanity rarely shows itself before the age in which the mind is sus-

ceptible of strong feelings, and in which the passions are excited by
strong interests. A calciilation made by M. Pinel represented the pro-

portion of cases produced by moral causes, as compared with those due
to physical causes, to be, in a space of five years, as 464 to 219. In
one of the largest of our EngUsh asylums the proportion of cases ascer-

tained to have been excited by moral causes was, during the years

1831 to 1836 inclusive, 431 ; those ascribed to physical causes, 291.

The proportional influence of moral causes is, however, probably much
greater than is here indicated; for in 4S4 cases admitted into the

asylum to which we refer during the six years, no cause was assigned,

and of these it must be presumed that a large number were due to

moral influence. It is the slow and constant action of the depressing

passions that is most instnuuental in disordering the mental faculties ;

the violent and sudden passions much less frequently have this effect.

Of the 431 cases produced by moral causes in the asylum from which
we de(ive these facts, 289 were ascribed to trouble of mind fium
pecuniary distress or family disasters, grief, jealousy, disappointment,

Ac. Religious impressions are fre<iuently instrumental in exciting

complete derangement of the intellect in minds already sensitive and
weak ; 43 cases out of the 431 were traced to religious excitement.

The other causes acting directly on the mind, which are more or less

active in exciting insanity, are disappointed love (a not unfrequent

cause in young females), fright (also acting chiefly on females), exces-

sive study, and political excitement, which during the Hevolution and
succeeding years was a productive source of mental alienation in

France ; but cases from that cause are now comparatively rare even in

that country,.and of upwards of 1200 cases admitted during six years

into an English asylum, two only were traced to political causes.

Of the physical causes of insanity those connected with circum-

stances which affect females only afford the greatest nimiber of cases

;

62 out of the 291 cases of insanity from physical cause* were con-

nected with parturition or nursing. Insanity occurring under such
circumstances is termed puerperal mania, the frequency of which is not

easily explained. Retardation of the appearance of the menses and
their suppression are likewise occasiomil causes of insanity in females.

The fr«}uent dependence of mental disorder on uitemperance, par-

ticularly in men, is a fact demanding much attention. Drunkenness is

unfortunately a prevailing vice in England, and accordingly we find a

much larger number of insane from that cause in the pauper lunatic

asylums of this country than in those of France, where the abuse of

intoxicating liquors is less general. Next to intemperance, the causes

which act more directly on the brain itself, and give rise to inflammation

or disturbance of the circulation in it, are the most influential in pro-

ducing the predisposition to insanity, or in exciting it ; such causes

r^ blows on the head, fever, coup de soleil, &c. Epilepsy and, less

frequently, apoplexy also lead to insanity. Lastly, any influences acting

prejudicially on other parts of the body may indirectly affect the mental
organ and disorder its operation.

Closely connected with the subject of the causes of insanity, and of

equal importance, are the statistics of the disease. If we could ascer-

tain all the important circun:uitances which accompany its greater or

leas prevalence in different countries, we might hope to be able to

comliAt in some measure the evil, by adopting preventive measures. A
general result, which appears to rest on correct information, is, that

inaanity is extremely rare in uncivilised nations, as among the natives

of Africa and America. This cannot arise solely from passion less

frequently disturbing their moral feeling and affections, though this is

nndoubtedly an influential circumstance. There seems to be an
absence of the predisposition to many diseases among the uncivilised

races. A less highly developed and less active condition of the brain

may render it leas prone to disease.

In Turkey, Spain, and Italy, insanity is comparatively less prevalent,

if we may judge from the imperfect reports obtained from those

countries, than in the more northern European nations and the United
States of America. The proportion of lunatics to the population in

England and France is, according to the calculations of Sir A. Halliday

and M. Esquirol, about 1 to 1000. In Prussia the proportion, as

stated by M. Jacobi, is about the same. But in Wales the proportion

of insane to the population was estimated by Sir A. Halliday to be as

high as 1 to 800, and in Scotland 1 to 574. In Norway too, a country
somewhat similar in its physical character and in the condition of its

inhabitants to Scotland, the estimate of the proportion of lunatics

given by Dr. Hoist is 1 to 551. A great and surprising difference is

found to exist in the proportional number of insane in manufacturing
and agricultural districts of England ; the number being greater in the
agricultural counties. This is an analogous fact to the prevalence of

the disease in Wales and Scotland. There is ceilainly less call for the
exertion of the intellectual faculties in the agricultural than in the
manufacturing counties, and in Wales than in England ; an expLana-

tion of the facts must therefore be sought in other circumstances. In
the statistical calculations are included not merely the insane, but the
idiotic from birth, and the excess in the number of unsoimd in miud in

Wales, Scotland, and Norway, as compared with France and England, is

due to the greater number of idiots, of which we can find some explana-
tion in the hardshi)>s to which the poor of those mountainous and
partly barren countries are exposed ; idiotcy being a disease dependent
on imperfect formation of the brain, and generally attended with other
marks of an ill-developed organisation. The greater liability of the
agricultural (wpulation of England to insanity is less easily accounted for.

The much greater degree in which insanity presses on the lower than
on the higher classes of society, is another important consideration.

One cause of this is undoubtedly the much less check which is put
upon the spreading of the disease by marrkge with individuals whose
families have the predisposition in the lower than iu the higher classes.

Another may be the deprivations to which parents, and particularly

pregnant females, are exposed. A third is the prevalence of intemperance
among the poor. The opinion has prevailed in France as well as in

England, that insanity is on the increase, but the data on which this

supposition is founded cannot be implicitly trusted, for the greater
number and better management of lunatic asylums at the present day
cause many more persons to be conveyed to them, and thus placed
within the reach of statistical research ; while formerly mauy lunatics
were allowed to wander about as beggars; many from shame7 or fear
of the horrors of the asylum, were concealed in private families ; and
some, from ignorance, were punished as criminals.

The principal means of checking insanity, which the facts above
detailed seem to suggest, are, 1, the prevention of the mairiage of
individuals predisposed by inheritance to the disease ; 2, the improve-
ment of the physical condition of the poor ; 3, the encouragement of
intellectual cultivation and amusements among the lower classes, as a
means of checking intemperance and sensual indulgence generally ; 4, a
better education of the moral feelings in all classes of society, so as to
discipline the passions and enable the miud to resist their disturbing
influence.

Before entering on the consideration of the mode of-detecting insanity,
it will be necessary to inquire into the probable nature of the disease.
We will first stite the facta on which is founded the opinion that it is
dependent on some disease in the brain. It is not requisite to offer
any proof that the brain is, in the healthy state, the seat of the mental
operations, the organ or instrument by which the mental principle,
whatever it be, acts. Admitting this, we may natui-ally supjxjse that
the cause which disturbs the functions of the mind has its seat in the
same oi^jan. Then again, although in many cases no change of structiu-e
can be found in the brain after death (which cannot surprise *s if we
remember the deUcacy of the organ, and the slight change that would
be sufficient to disorder its action), yet it is certain that morbid
appearances are found much more frequently in the brain than in any
other part of the body of the insane after death. The commencement
of the disease is generally accompanied by pain and other symptoms of
inflammation or vascular fulness of the head. In some cases we per-
ceive a distinct connection between marked disease of the brain and
insanity, as where the latter affection supervenes on epilepsy or
apoplexy. The physical causes too are in many instances such as act
directly on the brain ; we allude to blows on the head, inflammation of
the brain, coup de soleil, &o. Even the moral causes of insanity afford
an argument in favoiu- of the cerebral pathology of the disease • for
the Inordinate action of the brain which must attend the long con-
tinuance and great violence of a particular passion would be likely to
excite diseased structure of the organ. The diseased states of other
viscera, those of the abdomen for example, can only be regarded as
consequences of the insanity, or as accidental complications, or if they
stivnd at all in the relation of causes, as acting only through the medium
of the brain.

It being thus premised that the brain is the seat of the disease, can
we recognise any particiUar character in the disordered reasoning and
feelings of the insane which will afford- us a means of defining it, and
enable us to distinguish it from other disturbed states of the mind and
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MBMB ? Many writoB, lod by aoms obMrrmtioiu of Mr. Loeke, have

Mid tlut " the inaane reuon correctly from erroneoui premiMa." But
tWi daCnitkia indodea thoie only who an the mibjeet of mmc delu-

Am, while there are many lunatica who have lost the power of

reMoaii^ coiTeetly, heaoe loine Kuthora have added to toe above

dafinitioD the aanteiiee ' or erronemuly from correct premiiea.* The
deSnitioD, foonded oa Mr. Locke'a remark, applim very well to the

lata M nimd of many moDoraaniaoa, who fre<itit<iitly .act quite reason-

ably on the auppodtion of the objeot of their dcliuion bemg a fact

;

U b in their believing what a aound man must perceive to be fab*
Am* their inaani^ ootudata. Thus many penons tmder the influence

at particttlar atatea of the brain or the aensea of riiion have seen

mmiUm, but, not bdiering in their actual exiateoce, were not mad.

^e belief in thinga incooaiatent with the Uwr of nature, with the

combined evidence of all our aenaes, or witli other knuwn facta, gbows

n want of iiminninc power, or, aooording to Dr. ConoUy, a want uf

" Um eompaving power
;

" the lunatic doe* not compare the oridence of

(aiaaeMe with that given by other aensea, or with past impreaaiona ; if

he did ao, he would detect his error. A madman fancies his legs are

MMle of butter, and accordingly protects them from the sun and

asternal force ; but if he used his senses of touch and sight, and com-

pared their evidence with the sensation which excited the erroneous

idaa, or with the idea itaelf, he would perceive its falsity. There are,

bowerer, as we have said, many other cases io which, whether combined

wiUi ddnsions or not, there is a defect of the reasoning power, the

iViaitKa of which vary from the state of the persons who are regarded

BMfdy (S somewhat silly, to thnt of the imbecile or fatuitous. There

is, however, another less frequent form of insanity, which depends

mither on reasoning from erroneous premises, nor on defect of the

UMiaiinn taeulties ; we allude to the state in which the moral feelings

M BO deranged or excited as to lead to acts which may be called

inaane, sinoe the will has no longer the power of regulating them, and

the individual cannot be l<x>ked upon as an accountable being. The
definition adopted by Dr. Spurzhcim and the phrenologists will include

this last form of insanity. Insanity is by them stated to be " an aber-

ration of any mental power (an intellectual faculty, a moral feeling, or

• propensity), from the healthy state, with on inability on the part of

the individual to discern its unhcaltbinees or to resist it."

In deciding what is and what is not insanity there will not be much
diificulty if any illusion exist in the patient's mind, and its nature be

knon-n to the examiner ; and when there is general derangement or

defect of the reasoning powers, a careful examination will surely

detect it. It is much more difficult to decide an to the existence of

moral insanity when unattended with delusion or defect of the

nanning faculty, though the decision is here often of the greatest

importance, as the honour or life of the individual depends upon it.

No rules can be laid down for determining whether eccentric acts, or

the commission of homicide, be the effect of an irresistible impulse or

at ; in all such oaaes however, the history, the dress, gestures, and

manner of speaking, and the expression of the features of the indi-

Tldual, should be carefully attended to. In almost all insane persons

than will moreover be found either symptoms of vascular excitement

abont the head, or an unhealthy state of the skin and of the different

There are however, as Dr. ConoUy observes, two questions to be

decided in every inquiry relative to the sanity of an individual. The
Bnt relates to the existence of unsoundness of mind; the second

rcprds the treatment required, and especially the necessity of re-

straint, and the degree and nature of the restrauit. With reference to

Bond question, the chief point to be considered is whether the

; be likely to injure his own person or that of others, or bia own

f
or that of others. Medical treatment may be required in

I of insanity ; but on the decision of the second question above

d depends whether the patient shall be confined and deprived

of control over his property. It is from confounding the question of

the ezialaDce of m»dneas with that of the necessity of confinement

that ao much injustice has been committed ; to prove a man insane^ been ynooymoua with ooDdamning him to imprisonment. But
llioagh a man believe his lags are not his own, or that he was present

at tiie destruction of Jeruaalsm, he may be a perfectly harmless and
even ueeful member of aociety : ahall he therefore be deprived of his

fOmtj and of the management of his property merely on account of a

da^ delusion 1 [Ldkact.]

Tlie tnatOMDt of insanity resolves ilaelf into the medical and the

MoiaL The medieal treatment indiestad and required at the com-
aMoeement of the diaaiaa eoodata ohieflv in the attempt to reduce

hiomnnii vascular excitement or slight inflammatory action. It is

wliliiiii that any violent antiphlogistic measures arc required. The
une treatment may be called for during the course of the disease if

the symptom* of cerebral excitement or inflammation return. Somo-
of alaep ia the most marked ^mptom, and opiates are

bansAi. In the more chronic condttioux of the diseaae the
bb chiefly direetedto the restoration and maintenance

of a bcalthjr elate of all the functions of the body, particularly of the

Mdietioaa A. strengthening diet is requisite in some cases ; clean-

Unaas, fraah air, and exercise in all. The best asylums afford the

of emphiymant for the insane in the open .lir; but this

I laqoisite is still neglected in some Urge public institutions.

The moral treatment is now recognised as an important part of the
management of the insane. Formeriy a lunatic was regarded with
horror, as a being who had lost all relation to society, and was to be
treated as a wild boost ; he was confined in a gloomy filthy cell, wsa
loaded with chains, and shut out from all influences which could cheer
his mind or lead it from the subject of its delusion. The first step in

the great amelioration which has taken place was effected by the efforts

of H. Pinel in Franoe, and the Quakers in Bnglaod. The inanie are
now treated with humanity. The power of monl influenees in restor-

ing the healthy tone of tlie mind has been recognised ss a principle, in

carrying out which the chief means adopted are the following :—1. In
many cases seclusion from Kociety, chi^y with a view to remove the
patient from the influence of the circumstances which produced the
disorder, or which might keep up unhealthy trains of thought ; but
when the insanity is partial, consisting in a single delusion, Uii« mea-
sure can scaicely be recommended, as it might, by shocking the mind,
increase the malady. 2. Occupation and amusement of the mind in

various ways, so as to divert the thoughts : this in an important circum-
stance in the treatment, though until the last few years little attended
to. Everything calculated to remind the patient of his state should be
avoided ; the apparatus of confinement kept from his sight, and the
appearance of all objects rendered as cheerful as possible. 3. The
moral influence of the physician has a powerful effect on the mind of
the insane ; kindness will gain their confidence, while a firm though
mild manner is often sufficient to restrain the most violent outbreaks
of rage, and render other means of restraint unnecessary. Chains are
now generally discarded from the apparatus of the lunatic asylum, and
even strait waistcoats and straps are seldom required. But while
messuree of bodily restraint should be avoided as much ss possible, it

is a safe and imperative rule to remove hurtful weapons and means of

mischief from the reach of the insane. All irritation of mind by
threats, tc, should be avoided. 4. The con\-alescent should be sepa-

rated from the other patients in the asylum. 6. The insane should
be classified, so an to separate the quiet and timid from the noisy and
violent.

In the preceding portion of this article we have not made idiotey the
subject of separate coniddemtion. It is scarcely necessary to aay that
while fatuity is the state of defective intellect produced by disesae late

in life, idiotey is the original want or deficiency of mental power. Just
as the imbecility of old age has various degrees, so there are various
degnm of idiotey. One of the worst forms is that presented by the
Cretins, the deformed and imperfectly organised idiots met with in

the valleys of Switzerland. [Cretiks.] Idiotey generally depends on
congenital disease, bnt sometimes it ia produced by diseases affecting

the brain in very early infancy. The more remote causes are psobably
imperfect nourishment of the parents, or some noxious influences acting
on the mother during pregnancy ; the same hereditary predisposition
which gives rise to insanity seems also sometimes to be productive of
idiotey. The form and size of the head in idiots may be quite natural

;

in many oases however it is large and deformed ; in others remarkably
small, particularly in the region of the forehead. The bones of the
head are sometimes very thick ; the brain itself disorganised, or its

cavities distende<l with fluid. [Hvdrockphalus.]
(Prichard, ConoUy, Burrows, and Uaalam, On Inmnily ; Pinel, Svr

VAUfnalion mtntak ; Esquirol, Sur la MtUadia mentdct ; Ocorget,
Sur la Folic ; Heinroth, Die Stdmngen da 8eel<nUbeiu ; Jacobi, .Sifflm-

lungtn fUr die J/eiliunde der GemOthilcrmttheiteK ; and Bucknill and
Tuke, Manual of Ptychological Utdieitw.)

INSCRIPTIONS (Interiptionet), that is, records of public or private

occurrences,- of laws, decrees, and the like, engraved on stone, metal,

and other hard substances, exhibited for public inspection. The cus-

tom of making inscriptions was far more general in the states of

antiquity tlian in any modem country, as we see from the innumerable
inscribed monuments which still exist in Persia, Egj-pt, Qreeoe, Italy,

and other countries subject to or oolonise<l by the Greeks and Komans.
A groat number of inscriptions, eepccially those recording great events,

laws, or decrees of the government, which it was important for every
citizen to know, euppliwl to some extent the want of the art of printing.

When, for example, the laws of the twelve tables nt Home were set up
in pubUc, this pubUc exhibition was equivalent to their publication by
means of the art of printing; for every Koman mitrb* po and read
them, and, if he liked, take a copy of them for \v. '.-le. Pre-
vious to the invention of the art of printing, in .t up in a
public place wore the most convenient moans oi mMn>; jiublicity to

that which it was necessary or useful for every citizen of the state to

know. Inscriptions, therefore, are, next to the lit^Taturc of the
ancients, perhai>s the most important sources from which we derive
our knowledge of their pubUc, religious, social, and privntc lifp, and
their study in indispensable for those who desire to be<'' t»ly

aoquaint4?d with the history of antiquity. For the i the

languages they arc also of very great thougli not of eqimi nnji'iri.Lnce.

After Uie overthrow of the Uoman empire in the west, inscriptions

Still continued to be m.ide >'cry frequently ; but as the ignorance of

the middle ages increased, and as all knowledge become more and more
confined to the pricethood, the custom of making certain things known
by means of inscriptions gradually fell into disuse, until the art of

printing did away with it almost entirely.

In nriler to render inscriptions as permanent as possible, the ancients
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choae such materials as were least subject to destruction—namely,

stone or metal. The stone most commonly used was marble cut in

slabs, but sometimes inscriptions were engraved upon a flat surface of

the unhewn rock. The most common metal was brass or bronze, though
we have instances also of lead, tin, and gold being used. If we believe

the accounts of the ancients, inscriptions were made even in the mythical

ages (Herod., v. 59, &c. ; Pausan., viii. 14, 4; ix. 11, 1); but such
inscriptions existing in later times were probably forgeries, and we can-

not suppose that inscriptions were made until the art of WTiting was
pretty generally known.
We shall here pass over the arrow-headed inscriptions of Asiyria

[CuNELFORM Chahactebs], the hieroglyphics of Egypt [HiEBO-
OLYPHlcs], and the inscriptions of Etnuia, Lycia, and other countries,

and confine ourselves to those written in Greek and Latin.

Gruk Imcriptions.—The earliest Greek inscriptions which we may
safely take to have been genuine, but all of which have perished, were
the lists of the victors in the Olympixiu games (Paus., iii. 21, 1 ; v. 4,

6, 4c,), the records of the musi(^ contests at Sicyon (Plutarch, ' De
Hus.,' 8, 8), and the chronicle of the priestesses of Uera at Argos. The
earliest among the extant inscriptions do not seem to have been made
much before the year B.C. 580.

All inscriptions are composed either in prose or verse, but prose

inscriptions form by far the greater number. The prose of the pubUc
documents is usually stiff, and their style is not unlike that of official

documents of our own time. All Greek inscriptions are written in

capital letters, and without any punctuation or separation of the

several words, which often renders it difficult to read and understand
them properly. Some of the earliest inscriptions are written, like the
Hebrew, from the right to the left ; others varied their lines, the first

being written from the left to the right, and the next from the
right to the left. In this manner, which is called Boustrophedon
(/SoiHTTpo^S^v), the laws of Solon were written, and some specimens
are still extant. The method of later times was to write, like our-

selves, from the left to the right. But besides these general distinc-

tions, there occur a great variety, and some modifications of writing
which are the result of mere fancy. Another important point whi(£
it is necessary to know before attempting to r^d Greek, and more
eq>eciaUy Roman, inscriptions, are the abbreviations of names and
words (tigla), which have been described and explained in several

works, such as Nioolai, 'De Siglis Vetenim,' Lugdun. 1703, 4to;

Maffei, ' De Qraxsorum Siglis Lapidariis,' Verona, 1746; E. Corsini,
' Kota) Gnccorum,' Florence, 1/49, fol. ; Placentinus, ' De Siglis Vete-
nim Qrax:orum,' Rome, 1757, 4to; but the best work on the subject

is Franz, ' Elementa Epigraphices Gnecse,' Berlin, 1840, 4to, which is

at the same time a complete introduction to the study of Greek
inscriptions.

Public or state documents were exhibited it) Greece in certain places

of great publicity, as the Acropolis at Athens, and sometimee whole
walls were set apart for the purpose of receiving marble or metal slabs

with inscriptions. Market-places and temples likewise served as reposi-

tories for inscriptions. ^Vhen it was intended that an inscription

should be understood by two different nations, it was written in the
languages of both (imcriptiona bili«<fua), as in Greek and Assyrian
(Herod., iv. 87), Greek and Phoenician (Geeenius, ' Monum. Phccnic.,' i.,

p. 93, &c.), Greek and Latin, Greek and Lyci,in (Grotefend, in the
' Transactions of the Royal Society,' iii. 2, p. 317, &c.), and Greek and
E^nrptian, as on the Rosetta stone in the British Museum.
The necessity of making collections of the most important inscrip-

tions, such as contained public decrees, or interesting epigrammatic
poema (of which many have found their way into the Greek Anthology),
was felt by the Greeks themselves. The earliest collection we know of

is that of Philochonis, under the title of 'Ewiyptf^i/iara 'ArriKi ; his
example was followed by Polemon in a work Ilipl T&y nari n6\fis
'Zwr/pafifidTui', and especially by Cratenis in the important collection

entitled iufayaryii Vit^ur/uiTwi'. Although public inscriptions were
under the protection of the state, and although their violation was
severely punished, we nevertheless know of several instances in which
they were maliciously or frivolously destroyed or mutilated. In certain

cases the state itself ordered the destruction of public documents, as
when decrees were annulled or abolished. In times of war and in the
destruction of towns innumerable inscriptions must have perished.
Athens, as early as the time of the Persian wan, gives us an example
of the destruction of public monuments, as pillars, and tombstones
with inscriptions, for the purpose of building walls for the protection
of the city. Still greater havoc was made by the early Christians
among the ancient monument<4, which were frequently used as building
materials for all kinds of edifices ; and if, in addition to all this, we
consider the ravages of time and the destructive influence of rain and
air, it is astonishing to see the immense number of inscriptions that
have been preserved down to our own time.

The first modem writer who conceived the idea of making a collec-

tion of ancient inscriptions was Cyriacus of Ancona, who undertook,
in 1485, a journey through Italy, Greece, and Asia Minor, and brought
back a great number of inscriptions, which he collected in 3 vols. MS.,
which are still extant in the Barberini Library at Rome, and have
often been used by subsequent collectors. After Cyriacus a long time
elapsed, during which the attention of the learned was chiefly directed
towards Roman inscriptions. Scipio Maffei, and after him J. Carcagni

and T. M. Raponi, formed the plan of a complete collection of all

inscriptions, but none of them were able to carry it into effect, and
people were satisfied with books containing such inscriptions as their

authors happened to meet with, or thought of particular interest.

Works of this kind are :—Janus Gruter, ' Inscriptiones Antiquae totiua

Orbis Romani,' Heidelberg, 1602, 2 vols. fol. ;
' Marmora Arundeliana'

(also called ' Oxoniensia,' containing twenty-nine Greek and ten Latin

inscriptions), edited by J. Seldeu, London, 1628, 4to, by Prideaux,

Oxford, 1676, by Maittaire, London, 1732, and by Chandler, Oxford,

1763; Oct. Falconerius, ' Inscriptiones Athleticae Graecae et Latinae,'

Rome, 1668, 4to, is the first attempt at a systematic collection; J.

Spon, ' Itinerarium in Italiam, lUyiicum, Graeciam, et Orientem,'

Lugdun., 1678, 3 vols. 8vo; Thom. Reinesius,' Syntagma Insoriptionum

Antiquarum,' Lipsiae, 1682, fol. ; W. Fleetwood, ' Insoriptionum
Antiquarum Sylloge,' London, 1691, 8vo ; R. Fabretti, ' Inscriptiones

Antiquae,' Rome, 1699 ; A. van Dale, ' Dissertationes Antiquariso et

Marmoribus cum Romauis tum Graecis illustrandis inservientes,'

Amsterdam, 1702, 8vo; A. F. Gori, ' Inscriptiones Antiquae Graecae

ct Romanae quae extant in Etruriae Urbibus,' Florence, 1727, 3 vols,

fol. ; L. A. Muratori, ' Novus Thesaurus Veterum Insoriptionum,'

1739, 4c., 4 vols. foL, with a Supplement by S. Donatus, Lucca, 1765,

4c., 2 vols. foL ; E. Corsini, ' Inscriptiones Atticae nunc primum e

Maffei Schedis editae,' Florence, 1752, 4to. The material collected in

these works was greatly enriched by the collections of inscriptions

made by travellers, as Pococke, P. il. Paciaudi, Torremuzza, Passionei,

Waljjole, C. Vidua, and others. With the assistance of these further

accessions, F. Osanu began, in 1822, his ' Sylloge Inscriptionum

Antiquarum Graecarum et Latinarum,' which waa completed in ten

fasciculi in folio, 1834; and F. G. Welcker published a smaller collec-

tion of metrical inscriptions, ' Sylloge Epigrammatum Graecorum ex
Marmoribus et Libris collecta,' Bonn, 1828, 8vo.

But in the meantime the Berlin Academy had formed the plan of

publishing a complete collection of all the known Greek inscriptions,

of which A. Boeckh undertook the editorship. This great work bears

the title, ' Corpus Inscriptionum Graecarum,' is in three huge folios

(Berlin, 1828-53), and is by far the most complete collection of Greek
inscriptions extant. They are arranged according to the countries and
localities in which they were found ; and in each particular where it is

feasible, as in those of Athens, Boeckh lias judiciously classified them
into ten sections :—1. Acta senatus ft populi, univeisitatum et

coUegiorum ; 2. Tabulae Magistratuum ; 3. Tituli Militares ; 4. Magis-

tratuum Catalogi ; 5. Agonistica et Gymnastica ; 6. Honores Ixapnra-

torum ct aliorum ex donio Augusta et decreta imperatoria ; 7. Tituli

Honorarii ; 8. Donariorum Tituli et Operimi Publicorum ; 9. Ordo
Sscror&m, Termini, Defixiones Magicae, Supellex varia; 10. Monu-
menta privata, maxime sepulchralia. It is partly owing to the influence

which Boeckh's ' Corpus Inscriptionum ' exercised upon the scholars

of our time, and partly to the political condition of Greece, that since

the publication of the first volume of Boeckh's work a prodigious

number of inscriptions have been brought to light by travellers, which
were before unknown ; all published up to 1852 have been incorporated

in the ' Corpus Inscriptionum.' The principal among these subsequent
works are :—Ph. Lebas, ' Inscriptions Grecques et Latines recueilles en
Gr^ce,' Paris, 1835, 4c. ; Janssen, ' Musei Lugduno-Batavi Inscriptiones

Graecae et Latinae,' Lugdun. Bat., 1842, 4to ; L. Ross, ' Inscriptiones

Graecae ineditae,' Naupliae, 1834—45, 4to ; H. N. Ulrichs, ' Reisen

und Forsohuugen in Griechenland,' Bremen, 1840, 8vo ; L. Stephaui,
' Reisen durch einige Oegenden des nordlichen Griechcnlands,' Leipzig,

1 843, 8vo ; E. Curtius, ' Inscriptiones Atticae nuper repertao duodecim,'

Berlin, 1848, 8vo; C. Keil, 'Sylloge Inscriptionum Boeotioarum,' Lips.

1847, 4to ; the travels of Colonel Leake, Fellowes, and Hamilton : the

work of Mr. Hamilton contains a large numt>er of inscriptions from Asia
Minor ; and Lctronnc, ' Recueil des Inscriptions Grecfiues et Latines de
I'Egypte,' 2 vols., Paris, 1842-48, 4to; and the Philological Journals of

Germany, France, and England.

Latin Inscriptions.—These are not less numerous than those of

Greece, and are found in great numbers at Rome, in Italy, and all the
coimtries which were once subject to Rome. They embraced the

same variety of subjects as the inscriptions in Greece, and if only the

principal ones had been preserved the early constitution of Rome
would be comparatively clear, whereas now there are a v.-ist number of

questions to which we can only answer by conjectures. Some of the

Roman writers have, it is true, made use of the most important

inscriptions for the early history of Rome, but not by any means to

that extent which we could wish. The attention of Roman writers

does not appear to have been so much directed towards this source of

information as that of the Greeks, for there is no instance of any col-

lection having ever been made by the Romans themselves, although

some of their inscriptions were of the very highest importance in a
constitutional as well as legal point of view. At the time of the over-

throw of the Western Empire thousands of inscriptions must have

perished, esiwcially those engraved on metal, as the material excited

the avarice of the Barbarians. But a great number was still preserved

in Rome and Italy, which attracted the attention of the learned even in

the early part of the middle ages.

The oldest collection of inscriptions foimd at Rome exists in the

monastery of Einsiedeln : it is written on parchment, and probably

belongs to the 10th or 11th century. It is printed in Mabillou
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C y<(tmm Aniul,' p. 858, Ac). At the time of the reriral of letters,

Um attention of the learned was chiefly directed towards the authom
of antiquity, but ever since the ISth century attenUou has also

bean bestowed upon ineeriptioos. The roan who first formed the idea

of a comprehensive ooUeetion was the above-mentioned Cyriaeua of

AiyoMi*, who undertook his travels at the requeet and the expense of

Pope NiohoUs I. The first printed collection of Latin inscriptions is

that of Peutinger, who collected and published those which were found

at Augsburg and in its neighbouriiood on several folio leaves, under
the tiUe of ' Romanae Vettistatis FVagmenta in Augusta Vindelicorum

et ejus Dioeced,' Augsburg, 1S05. Another collection, which is now
extremely rare, was published by Laureutiua Abstemius, at Fani in

1515, of which a second edition by F. Polyardu appeared in the same
year. The collection piiblinhed by the bwikseller Mazocchi, at Kome,
in 1520, in folio, under the title ' Epigranimnta Antiqua Urbis Kouiae,'

contains aoaroely any other than sepulchral inacriptiouii.

After tbeae ooUections of local inscriptions, B. Amantiwi and P.

AppianoB, supported by the liberal merchant Raimuud von Fugger,

puUished a general collection under the title of ' Inscriptiones Sacro-

*niv**' Vetustatis,' Ingolstadt, 1534, foL Soon after, the learned

George Fabricius published a considerable collection of Latin inscrip-

tioDS which he had made in his travels, aud which had been com-
municated to hiui by his friends, in the second volume of his ' Romn,'

Basle, 1550, reprinted in 1587, and at Helmstiidt, 1660, fol. Martin

SmetiuB of Bruges, during a stay of six years in Italy, made a very

careful otdlection of inscriptions, which however were not published

till after his death by Janus Douza, and with an auctarium by J.

lapaius, Lugdun.-Bat. 1588, fol. The work of Laurentius Sohnuler,
' Monumenta Italiae,' has one volume which contains only inscriptions

which he had collected during his visits in Italy ; they are arranged

according to the towns in which they were found, but be docs not
distinguish between the earlier and later inscriptions, and he has some
which are evidently not genuine. After that of Schrader followed that

of Thom. Reinesius, which was mentioned above. A somewhat more
complete and accurate collection of 4688 inscriptions was published by
FWl^etti under the title ' Inscriptionum Antiquarum, quae in Aedibus
Patemia assen'antur Kxplicatio et Additamentum,' Rome, 1699, fol.

(some copies bear date of 1 702, but this is only a bookseller's im-

position).

But all the works here mentioned are eclipsed by the undertaking of

Janus Gruterus, which was to contain all the inscriptions that had
nntil then been made known. He took the work of Smetius as his

foundation, and was actively assisted by Joseph Scaliger. The collec-

tion appeared under the title ' Inscriptiones Antique totius Orbis
Romani,' Heidelberg, 1603 and 1663, fol. J. O. Qraevius afterwards

twdertook to edit a still more complete and correcte<l edition, but he
did not live to complete his task, wlucb fell into the baniU of P. liur-

mann, who assisted by many other scholars, published the new edition

of Oruter, under the title ' Inscriptiones Antiquae totius Orbis Romani,
in abaolutiasimum t'-orpus redactae, olim auspiciis J. Scaligeri et M.
Velseri, industria atitem Jani Uruteri, nunc notis Harquardi Oudii
•meodatae, cura J. U. Uraevii,' Amsterdam, 1707, foL Marquard
Gude, who had travelled in Italy, likewise prepared a collection of

inacriptiouH for publication, which however was edited after his death
by F. Hessel, Leovardiae, 1781, fol. This collection however contains

many forgeries made by the notorious Ligoriiis. A collection of

200U inscriptions which had been'gathered by Doni, was published by
Oori, 'T. B. Donii Inscriptiones Antiquae,' Florence, 1731, fol. In 1739,

h. A. Muratori published bis ' Novus Thesaurus Veterum Inscriptionum,'

Milan, 4 vols. 4to., to which a supplement was added by S. Donatus
in 2 vols., Lucca, 1765, ftc. Among the collections of inscriptions

published at a later time, the most important is the selection from all

the known inscriptions which was published by J. C. Orelli, under the

title ' Inscriptionum Latinarum selectarum amplissiina Collectio ad
illustrandum Romanae Antiquitatis Disciplinam accommodata, &c.

;

cum inediUs Hagenbuchii suisque Annotationibus,' Zurich, 1828, 2 vols.

8vo. This collection is extremely useful, especially as corrected and
extended by the supplementary volume by O. Henxer, 1836 ; for the
atadeot should be warned that Orelli hiks not always published tlie

inscriptions with that accuracy and exactness which are required in

works of Uus kind. Another work of great value is the splendid

e<ri]ection of NcspoUt.ui inscriptions made by T. Mommsen, ' Inscrip-

tlones Regni Neaiwlitani Latinae,' foL Lips. 1852. For the Latm
inscriptions which are still continually being found in varinus parts of

the world once subject to Borne, the student must consult the trans-

actions of the various archaiolo^ical societies formed in all parts of

Europe, a chief object of which u the searching after, preserving, and
publishing the Roman monuments existing in the particuUr districts

in which those societies are formed. The number of Latin inscriptions

DOW known amounts to considerably over 60,000.

Among the works to be consulted by those who wish to acquire a
ficQity in rtadiog and understanding Latin inscriptions, the following

re of importance : Zaocaria, ' Instituzione Lapidaris,' Rome, 1 770, and
Venice, 17{^ ; Moroelli, ' Oe Stilo Inscriptionum Latinarum i,ibri

Trss,' Rome, 1781, and reprinted in his 'Op«ra Euigraphica,' Patavii,

1819, 6 vols. 8vo. ; Kopp, ' PaUeographia Critica,' Mannheim, 1817-29,
4 vols. 4lo. ; and Orelll's Introduotion to his Collection.

msOLINIC ACID (C„H,0^ rMuHs from the prolonged action of

chromic acid upon cuminio acid. It is insoluble in alcohol or ether,

an<l nearly insxiuhle in water, hence its name. It is bibaaic, its salts

being formed by the replacement of two atoms of hydroceo by metals

;

the neutral poLish salt contains (C,,U,K,0,), the add salt (C„H,KO.).
inaolinic acid is interesting as being one of the few members of tM

srries of bibasic acids having the general formula CiU.-„0,. This
series is derivol from the aromatic acids (benzoic, Ac C,H,-,0,), and
bears a similar relation to those adds that the series C.H._,0, does
the formic and acetic series of acids (CiHnO,).
INSOLVENCY.—INSOLVENT, a man who cannot pay his debts.

[Bahkhupt.] In this country, statutes have from time to time been
passed for the purpose of releasing from prison, and sometimes from
their debts, persons whose transactions have not been of such a nature
as to subject them to the Bankrupt Laws. These statutes have been
passed for a limited time only, and have bwi continued by subsequent
enactments. %
The Insolvent Law of England was consolidated by the 7 George IV.

c. 57, continued and extendwl by tiie 1 & 2 Vict. c. 110, and the 2 & 3
Vict. c. 39. The law is administered by commissioners appointed by
the crown, in a coiut called the Insolvent Debtora' Court, aud in the
country by the judges of the County Courts (10 A 11 Vict c. 102).
By the 1 & 2 Vict. c. 110, no person shall be arre8te>l upon mesne

process in any civil action, except in certain cases specially provided
for by the act. [Akrest.]
A person who is in prison charged in execution for any debt or

damages, or otherwise committed as mentioned in the act, may, within
fourteen days after the commencement of the imprisonment, petition
the court for his discharge in the manner prescribe by the act, and he
must in such petition state his willingness that all his real and personal
estate and effects shall vest in the provisional assignee of insolvent
debtors' estates ; and if within twenty-one days after the like time he
does not make satisfaction to the creditor at whose suit he is so charged
or committed, such creditor (or other person mentioned • in the act)
may petition the court for an order vesting all the real and personal
estate of the prisoner in such provisional assignee. \Vhen such petition
has been filed, and the court lias made the order above referred to, all

the prisoner's real and personal estate, and everything which he may in
any way acquire before bis final discharge, is vested in the provisional

assignee by virtue of such order when recorded, except the wearing
apparel, tools, &c, of the debtor, not exceeding in the whole 20/. in
value. The prisoner must also file a schedule of all debts owing by
him, and of all his property. The court has power to appoint assignees
for the management of the insolvent's estate ; and on such aasigneee
assenting to the appointment, all the estate of the insolvent, which
was vested in the provisional assignee, becomes immediately vested in
such assignees for the payment of the prisoner's debts. After the court
shall have iuljudged the discharge of tlie insolvent, he is not liable

to imprisonment for any debt in respect of which the adjudication w.is

made. But any property which he may acquire subsequent to his dis-

charge may be taken in execution, under the provisions of the act, for
the payment of his unsatisfied debts ; and if the property be of such a
nature tliat it cannot be taken in execution, the court may imprison
the insolvent till he conveys such property, as the court may direct, for

the general benefit of his cretlitors. It is unnecesrary to specify the
various provisions of the insolvent laws ; their general object is to
release the debtor from prison, to free his person from liability- as to

debts contracted previous to his discbarge, but to moke all his present
and future acquired property available for the benefit of his creditors.

Where new creditors have a claim on the insolvent's subsequentiy
acquired property, which is of such a nature that it cannot be taken in
execution, it may be necessary to apply to a court of equity, which in
o'lminiatering such estate of a deceased insolvent, will pay the creditors

subsequent to the insolvency first, and then the creditors prior to the
insolvency.

In cases where it is proved that the insolvent has fraudulently made
away with his property, or that his debts were fraudulently contracted,
the court does not discharge his person immediately, but has power to
order him to be imprisoned for a period not exceeding three years
from the date of his petition to the court for his discharge.

There is another statute in the English law (32 George II. c. 28),
generally called the Lords' Act, from its having originated in the
House of Lords, also continued and extended by subsequent enaot-
monts, which enable a debtor taken in execution for a debt not exceed-
ing 8002. to obtain his discharge ui>on Kurrendoring all his effects (except
appareL bedding, and tools of trade, not exceeding IW. in the whole) to
his creditors.

The above prooeedinga for reUef are applicable only after arrest and
imprisonment ; and no relief could be obtained by a cettio bonorum
mside before imprisonment by a person not a trader within the mean-
ing of the Baiikrui)t Acts, imtil the passing of the 5 & 6 Vict. c. 116,
which has since been amended by 7 & 8 Vict c 70, and c. 96.

The act 5 & 6 Vict c. 116, which came into operation 1st November,
1842, enabled a person who was not a trader within the meaning of
the Bankrupt Laws, or a trader who owed debts which aniuuntcd in
the whole to less than SOOf., to obtiin by petition a proteelion from
the Court of Bankruptcy in London, or the Conimisaiunera of the
District Courts of Bankruptcy in the country, from all process what-
ever (except under a judge's order), either against his person or pro-
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perty, until the case was adjudicated by the court. In the interim,

the insolvent's property was vested in an official assignee appointed

by the court. If, on the hearing of the petition, the commissioner

were satisfied with the allegations which it contained, and that the

debts were not contracted by fraud, breach of trust, or by any pro-

ceedings for breach of the laws, he was empowered to make a final

order for the protection of the petitioner from all process, and to cause

his estate and effects to be vested in an official assignee, together with

an assignee choseu by the creditors.

The act 7 & 8 Vict. c. 96, passed 9th August, 1844, is entitled "An
Act to amend the law of Insolvency, Bankruptcy, and Execution." It

enacts, that any prisoner in execution upon judgment in an action for

debt, who is not a trader, or whose debts, if a trader, are under 3002.,

may, without any previous notice, by petition to any court of bank-

ruptcy, be protected from process and from being detained in prison

for any debt mentioned in his schedule ; and if so detained, the

commissioners of any bankruptcy court may order his discharge.

The property of the insolvent may be seized for the benefit of his

creditors, with the exception of the wearing apparel, bedding, and
other necessaries of the petitioner (the insolvent under 7 & 8 Vict.

c 96) and his family, and the working tools and implements of the

rtitioner, not exceeding in the whole the value of 201. Under the

ft 8 Vict. c. 96 (§ 39), if a petitioner for protection from process

(pursuant to the provisions of that act) shall wrongfully and fraudu-

lently omit in the schedule—which schedule he is required to make
(5 4 6 Vict. c. 116)—any property whatsoever, or retain or exempt out

of such schedule any wearing apparel, bedding, or other necessaries,

property of greater value than 20L, he shall, upon conviction, be liable

to be imprisoned and kept to hard labour for any period not exceeding

three years.

The 7 & 8 Vict. c. 96, made a great alteration as to debts under 202.

The 57th section is as follows :
" Whereas it is expedient to limit the

present power of arrest upon final process, be it enacted, that from and
after the passing of this act, no person shall be taken or charged in

execution upon any judgment obtained in any of her Majesty's superior

courts, or in any county court, court of requests, or other inferior

court, in any action for the recovery of any debt wherein the sum
recovered shall not exceed the sum of 20^, exclusive of the costs

recovered by such judgment."

The jurisdiction of the Court of Bankruptcy under these (protection)

statutes was transferred to the Court for Relief of Insolvent Debtors

in London, and to the County Courts in country cases, by the

10 & 11 Vict. c. 102.

The- 7 & 8 Vict. c. 70 (often called the Oentleman's Act) provides

for arrangements between persons not traders within the meaning of

the Bankrupt Acts, and their creditors, under the control of the Court

of Bankruptcy.
The 8 & 9 Vict. c. 127 gives to creditors the' means of obtaining

payment of sums under 20L, besides the costs of suit, by process of

summoning the debtor before the court for examination, " touching

the manner and time of his contracting the debt, the means or pros-

pect of payment he then had, the pro|)erty or means of payment he

still hath or may have, the disposal he may have made of any property

since contracting such debt etal" The court is empowered to make an

order on the debtor " for the payment of his debt by instalment or

otherwise ; " and if the debtor fails to attend or to rnake satisfactory

answer, or shall appear to have been guilty of fraud in contracting the

debt, or to have wilfully contracted it without reasonable prospect of

being able to pay it, or to have concealed or made away with his pro-

perty in order to defeat his creditors, or to have had since the judg-

ment wherewith to pay the debt, the court may commit him for

any time not exceeding forty days ; but such imprisonment wUI not

operate in satisfaction for the debt. Wearing apparel and bedding of

a judgtnent debtor, and the implements of his trade, amounting in the

whole to a sum not exceeding 51. in value, are exempted from seizure.

The proceedings upon a judgment summons under the County Court

Acts are of analogous description and etl'ect.

The law of debtor and creiditor has been a difiSculty in all countries.

In England an in.solvent debtor may, in certain cases, be subjected to

the operation of the Bankrupt Laws. If he cannot claim the benefit of

the Bankrupt Laws, he is subject to the law that relates to insolvent

debtors. The question of arrest and imprisonment for debt has been

chieSy discussed with reference to insolvent debtors ; that is, the class

of debtors whose debts have not been contracted in the operations of

trade or commerce, or under such circumstances as to bring them
within the Bankrupt Laws.

The present very learned attorney-general (Sir R. Bethel) has intro-

duced in the present (I860) session of parliament a bill to amend the

law of bankruptcy ; to assimilate the law relating to insolvents who
are not traders to that relating to insolvents who are traders; and

to abolish (in practice) imprisonment for debt as a means of obtaining

its satisfaction. This admirable monument of Sir Richard Bethel's

legislative capacity will, it is to be hoped, receive the sanction of

parliament ; it at once received the earnest approbation of the com-
merc al community.
INSOLVENCY. [Ba-ikbupt Law of Scotland.] We reserved to

this place a notice of the remedy called the process of ctuio bonorum ;

or surrender of goods by an insolvent debtor to his creditors on oath.
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This process is mentioned in the earliest records of the Scotch law'

under the significant name of the bare-man proceis. It was considered
in the local courts, and the benefit of it was allowed, as well by way of

defence as by way of suit and action, the debtor swearing that he had
not in goods or gear beyond five shillings and a plack, and that of all

his gains thenceforth he should assign every third penny towards
payment of his debt. (Quon. Att.,c. 7; stat. Will., c. 17.) But on
the erection of the Court of Session, the process was drawn tliither,

and remained there to the exclusion of the local judicatories. It then
also got the name of cetsio bonorum, and began to be viewed through
the medium of the canon and civil laws : the applicant's character was
changed ; he was no more a bare man, or in a condition of mere
destitution ; he was a dyvour, or spendthrift (from the French devorer,

to squander or consume one's substance) ; and his state was infamous.

Acting on these principles the Court of Session which up till the

Union usurped a legislative power in many matters, in 1606 appointed a
pillory near the market-cross of Edinburgh, with a seat upon it, where
all dyvours were to be exposed on a market-day at noon, with a bonnet
of yellow which was to be worn by them constantly under the pain of

three months' imprisonment, if apprehended at any time without the

same. This, the dyvour's habit, was by the same authority changed in

1665, and appointed to be a coat or upper garment, whereof the one
half should be yellow, and the other half brown, with a cap or hood of

the same. It was also enacted in 168,5, that the insolvent; should
specially prove how he became bankrupt ; and shortly afterwards he
was required to produce a certificate that he had been the s^ace of one

month in prUon.
The consequences of such legislation might be anticipated. Con-

tinuance in jail was better than delivery on such terms; and
accordingly the jails of the kingdom were in course of time filled with
miserable objects. To remedy this evil an act was passed in 1696,

called the A ct of Grace, which on the preamble that " generally the

burghs of the kingdom are troubled and overcharged with prisoners

thrust into their prisons, who have nothing to maintain themselves,

but must of necessity either starve or be a burden on the burgh,"

declared it lawful to the magistrates of burghs to liberate indigent

debtors, if, after notice to them to that effect, the creditors failed to

provide them aliment at the rate mentioned in the statute. But so

entirely was the true source of the evil overlooked that in the same
year an act was passed in parliament expressly forbidding the lords of

session to dispense with the bankrupt haljit in any case of ctasiu bon'rrum,

unless the bankrupt's failing " through misfortune " were libelled,

sustained, and proved; and so late as 1775, the court refused to

dispense with the habit. Sounder and more humane notions began to

prevail however, and generally the habit was in later times dispensed

with by the coiu-t "These notions were unquestionably derived from
England; and it is to the House of Lords, in its appellate jiu-isdic-

tion, and to the British parliament, that the present state of the

Scotch insolvent law, its restoration to its ancient condition, is to be
traced.

The process of cettio honorum has been modified by modern legisla-

tion, the "bankrupt habit" entirely abolished, and a jurisdiction in

ceuio conferred on the SheriiT Courts. The effect of a decree of ce&i'o

is not to discharge the debtor, but merely to relieve him from the

operation of personal diligence or attachment of his person. It affords

no protection against the atUichment by his former creditors of any
property which he may subsequently acquire by personal industry

or otherwise, if the goods already surrendered fall short of extin-

guishing his debts.

INSOLVENT DEBTORS. [Insolvency.]
INSPIRATION. [Revelation]
INSTINCT, according to Beattie (' Moral Science,' c. ii. sec. 8), is a

natural impulse to certain actions which animals perform without

deliberation, and without having any end in view, and without knowing
why they do it. Lord Brougham, in his ' Dialogue upon Instinct' first

published in his edition of Paley's ' Natural Theology,' in 1839, separates
'

instinct into physical and mental. He says " physical instincts are

independent of will or mind altogether, though they never are found
except where animal life—and consequently mind, exists; but yet

mind may influence them. Just so the mental instincts are indepen-

dent of reason altogether, though they are found in union with it, and
reason may influence them."

That the spontaneity of instinct operates unconsciously is fully

established by observation. A calf butts with its head before its horns

are grown ; imd the hen broods over the eggs of another species, or

even simulated eggs, as patiently aa over its own. Lastly, children in

certain states of the body are observed to devour eagerly chalk and

other earths which are the proper remedies for the disease, although

they can have no knowledge of their beneficial nature. Generally

indeed this involuntary direction of animal activity appears to be

determined by certain organic states which give rise to a vague feeling

of desire or aversion, whereby different species of animals arc impelled

to pursue or to avoid particular objects aa necessary for carrying out

the purposes of their existence.

In the civilised state of man it is extremely difficult to distinguish

the effects of habit from the operations of nature, but from observation

of the states of childhood and barbarism the ordinary instincts of the

human species are apparently few in number. In ohildien the action

3 M
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•I luoking U geocnlly ooiMidarad instinctivo, and, in « barb«roti«

«Ut«, tb« tint coming tagethar of Uia nkm. The Uttor bo«(ever hju

Wen ilenicd by Uartl*^, M Uw furmw bM by Priantlay, who coniidera

it to b« purely OMobaniatl, Uk* tbe aotioo of braathing, which llaid ha<

iaiiiiiiiiitlj oUwed ainong iaatinctir* aotion*. BeaidM ttt<wa thera »r«

twiaiii estntordinary inatincta which are •Tokecl by ditaaae*, in con-

aqiwoee, it would leam, of a chaoga in tha mixture o( tha organioal

vlvwanta of the body. It ia thti* tlut tlie iniitinctive taita for aoid

diiiika in the fevariah |«tient, and tha raveotog of oliildren for ohalk,

te , wliich baa been alraady noti«ed, ara to be explained.

But it ia in the brute creation that we meet with the moat numeroue
eaamplaa of thi* original quality. The v»Mp, which du«s not itaeU

faad upon flaah, and which knowa not that a larva i« to prooaed tram

tha egg which it baa dep<wte<l in the sand, oolleota a number of graen

worn.*, and having rulled them up in a oiroular form, fixes them iu the

hole iu auch a maniiur that tboy csunot eaoape. The number of the

wanM to depoaited ia exactly proportioned to the time neoeaaary for

Um growth and traiufurmatiun of the waap-worm into a fly, when it

Itauaa from the bole and ia capable of procuring ita own food. An
jintninff of what w« bar* t«rmed extraordinary inatinot ia aObnled by

ttw nympba of tl^e fJtrngmmim, oommonly called the caddia vrorm,

which cover themaelvea by meana of gluten with piecea of wood, straw,

null ahella, or graveL It ia neoeaaary that they ahould always be

nearly in equilibrium with the water in which they live. To
aocompUab thin, when their covering ia too heavy they add a piece of

wood ; when too light, a bit of gnveL
Mr. Smellie, fruui whose work on the ' Pbiloeophy of Natural

Hiatory ' our examples have been drawn, distinguiahea two olaasea of

inatincta : those which, iiidepeudeut of .-kll iustructiun or experience,

iaatantaoeoualy produce certain actions when particular objects are

presented, or under the influence of peculiar feelings ; and thuae which
•an aocommodate themaelvea to peculiar circumstaucea and situations.

Of tha latter he givea aa an inatauce the adaptive instinct uf the

oatrich, which, in Senegal, negleota her eggs during the day, but sita

upon tbem in the night ; whereas at the Uapa of Qoud Hope, where
the heat ia leas, the oatriofa, like other birds, aita upon her egga both
day and night. The distinction however aeema uuneoeaaary. By the
uniformity of instinctive operations nothing more ia meant tlian that

the actions of all the individuals of the species ore aimilur when the

oiroumstancea are the aame. Under different circumstances the same
apecica may act differently, but the oorreapondence of individual

operations will still continue.

While some writcni have gone the length of reducing all the

hcultiea of the human mind to certain instinctive principles of action,

othera have elevated the animal instmcta to a level with rational

^alibtiration, Locke and Lord Brougham hold that animals posaeaa

•ome of tha faculties of reason. Uascartea holds that all their aotions

are mechaaioaL Lord Brougham founda bia belief on the fact that all

aninula have iwroeptioB, and aa tbia impliea conaciouaaeas, it muat
lead in aome degree, however restricted, to the possession of reason.

Hiia is worked out at conaiderable length in the dialogue mentiuued
above. Inatinot however differs from intellect by the unerring

asrtainty of the meana it employa, the uniformity of ita reaults, and
Um parlection of ita works prior to and independent of all instruction

•r ezperieuoe ; and laatly, by the pumuit of notbiug beyond what con-

4ttsea directly either to the continuation of the individual or the
fl^pagatiuu oi the kind. But the arts of ratiomd creaturea proceed
slowly through diversified and oft-repeated exi>erimenta, while the
meana they employ are always various, and seldom the beat and most
appropriate ; and in their works, tbou^ falling br short of perfuctiou

in mauy re9|>ccts, the ditticulty is increased by a voluntary combination
of the beautiful with the merely useful.

INSTITUT, NATIONAL. The varioua academies of learning in

Traiioa having been di^eraed during the first atorma of the Revolution,
a decree of the KqiubUo, dated 3rd Bruntaira of the year IV., eata-

bhahad a national aoadamy, oallad the Inatitut, conaiating of three
hsasa,

namely, 1, phyiieal and mathematical aoienoaa; 3, moral and
yoUtiaal aoianoaa ; H, hteiature and tha lias arta. The object waa to

frmnots ths progreaa of learning, to publiah mamoira, to make the
oaticm asquainled with tha new diaooveriea, and to oorraapond with the
laamed of oOmt ooimtrias. Kacb class ouaustsd of a certain number
of members reaiding at Paris, and a number of aaaooiatea iu dilibrent

aarls of Franoa, witb a aniall number of foreign honorary members.
(* Compte rendu st praaantd au Corpa LdgUatif le ler jour oompli^-
SMotaira de I'an IV., par I'lnstitut National das Bcieoces et Arts,' bvo.,

Paris, aa V., (17*7). Bonaparte, after be was mads first ooiiaul, gave a
•w orgaaiaation to the NaUoiud Institute, by a decree dated St.

Cloud, January, lgu8, and made it consist of four claasea : I, physical
•»d mathematical sciences, divided into eleven sections, namely, g«o-
letry, mechainos, astronomy, geography, and navigation, general
pliyaics, obamialry, mineralogy, botany, rural ecooomy and the vete-

rinary art, anatomv and soology, and lastly, medioine and surgery.
This class consisted of OS resident members, who could appoint luQ
oorraspondenU, including foreigners ; 2Bd oUus, Preoeh Unguage and
Utsnturs. ooosistiw of 40 members, like the old Aoadtoiie Kronfaiso

;

hd dass, aneiaiit kMory and litsntare, which aorrespoMlad to the old
AsxMmle des Inaoriptiaiu H Bellss Lettres. This olast oonsisted of
40 members snd 8 foreign asaociatss, besides 00 oorraqwadents, native

and faroign ; 4th elass, fine arti, divided into five seotions, waisliri

painting, sculpture, arehiteotura, aograving, and muaio. Thia el«M
oonaistod of iS members and 8 foreign associates, and 36 oorres-

pondanto, native and foreign. The oUaa of moral and political soieaoaa

WM supprasaed : Bonapart* was never partial to thoae atudiea (Thibfttt*.

dean, ' Uistoire du Conaulat') Ths vaeanciea in ths raapeotive clmn
were filled up by the members of eaoh class, but the ehoioe was subjsot

to ths approbation of ths first consul An annual allowanoe of ISOO
francs waa fixed for each reaident member, and a aalary of 6000 francs

to each of the five perpetual seeretarias, of whom there were tWo for

the flrat clsaa, and one for each of the other three. Annual priaea

were alao amrded. Bonaparte waa named member for the aection of

meohanios. When he beouna emperor the Inatitut took the name of

Imperial
After the Restoration, Lous XVIII., by an ordonnance, 81st Harell,

1816, without changing the arrangement of the departments of eaoh
class, reatored the old namea of Aoad^mie de Sciencea, Aoad^mia
Franfaiae, Acad^mie dea Inacriptions st Bellea Letti-ea, and AoadJ-
mie (les Beaux Arts, ginng to eaoh a more independent orgaaiaatioa,

but still keeping them united in one academical body called tha
Institut. Louis Plulip|>e, by a royal ordonnance, Oetober 96, 18S3,

added a fifth olaaa, or ' Academy of Moral and Political Sciencea,'

divided into five aeotions, and consisting of 30 resident members and
S foreign associates, beaidas about SO correapondenta. ('Aliuanaoh
Royal et National,' for 1837.) Thia conatitution baa been oontinued

under the Emperor Na]ioleon III. These various classes or academies

have publislietl uiauy memoirs and reports; thoae of the Aoad^mie
dee Inacriptions, styled ' M^moires de I'lnstitut par la olaase d'Uistoirs

et de Litt<rature ancienne,' 4 vola. 4to., Paria, 1818, oontain many
valuable papers. See also the annual ' Compte Rendu,' on the state of

science in France, and the ' Discours/ or orations pronounced at the
reception of every new member.
INSTITUTION. [BBNKFiot]
INSTRUMENTS, ASTRONOMICAL/ are demsiibed under several

heads.

For MiTidian and Yirtieal eirdas see CracLl.

For the repeating circle (Boida's and Helchenbaoh's) see RmuHIM
CiRCI.K.

For the sextant and other rtjUctimg instruments see Skxtamt. Ths
Transit, KgvATonuL, Zcxmi Saoio*, and Coiximatob, ara dasoribed
under their res)>ective titles.

For the apimratua used in measuring small quantities and aub<
divisions, see Micrometer ; Vernier.
The machines for meaturing tivu are described under Uoboloot

;

Penouldm.
See also Oraodatios ; Tunoopi ; OBstRTATORUS.
INSTRUMENTS, MUSICAL, are, 1. Keyed, as the organ, piano-

forte, tia. ; 2. Stringed, as the violin, violoncello, &o. ; 8. Wind, aa the
flute, bum, &c ; and 4. of Percuttiun, aa the drum, cymbals, jto. Saa
the various instruments under their respective namea.
INSULATION. [ELECTRICITY, Common.]
INSURANCE, FIRE. Associations for securing individuals from

tiie ruinous oonaequenoes of accidents beyond their own control now
form almost a necessary part of our social institutioiia. Among such
combinatioBa for the aeourity of individuals, oompaniea for asauriug
the ownera of property from loas arising from fire are among those
of moat obvious utility, and have long been suocesafully aatabliahed in
thia country. It might have been expected that the great advantaga
to society uf individuals providing against their ruin by means <A
trifling annuo) contributions would have besn felt and aoknowledged
on the part of the government, so far at least as to prevent the un-
posing of a tax upon the prudence of the people. Such however is not
the fact, and a duty is levied at the rate of 8>. per cent, per annum
upon the amount of pra))erty insured against destruction by fire,

which rate ia, in all oaaea, equal to 200 per cent, upon the premium
demanded by the inaurance offloea, and which ia found aullicieut to

cover all losses, as well as to defray the expenses of management, and
to afford an adequate return to capitalists who embark their property
iu the uudertalcing. This rato is 1«. 6<f. per cent, for all projierty

deemed non-haeardoiu ; for property considered haurdous, higher
rates of inaurance are token, and in some cases by special agreement
only, or are wholly refused, as iu the case of powder-mills. How tu
the imposition nf this tax preventa inaurances being effected it ia not
l>osaible to deteriiiiiie. That many persona neglect to insure against
the risk of fire from being compelled to pay 4>. 6d. for eaeh lOOf.

value of their pr><ijerty, who would not neglect such precaution if

they could attain security by payment of 1«. 6d. for a like amount,
will be readily acknowledged ; and the propriety of repealing this tax
has been frequcntiy urged. But this tax produced to the n-veDue in

18S8 the sum of 1,503,010/., and as the amount israise<t without trouble
and at little cost, the tax oHera to the minister of the day an induce-
ment for its continuance which it will be difficult to overcome. There
ia beaidee no individual who can compUin of special injury or grievance
from the tax, and the insurance oSioea, by which it is collected and
paid over to the government, have a special advantage in ita con-
tiniumce, in respect of the discount or allowance which is made to
them on the amount. During a period of distress experienced by the
agriculturists, the landowners and flumers of the United Kingdom,
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through their representatives in parliament, recently obtained an
advantage over other classes of the community by the repeal of the

duty upon insurance of farm produce.

The value of property insured against fire in the United Kingdom
may be ascertained from the gross amount of the duty collected ; this

value in 1858 was 1.001,872,815^.; and the value of farm produce
insured was 73,570,481t
INSURANCE, LIFE. [Reveksions.]

_INSURANCE, MARINE, was probably introduced into this country
from Italy by the Lombards, together with many other commercial
institutions, about the 1 3th century. The earUest specific record of

its existence in legal history is a reference in Lord Coke's ' Reports,"

part vi., 47 b, to a case decided in Michaelmas Term, an. 30 & 31
Eliz. ; but the antiquity and previdence of its practice is evidenced by
a statute passed shortly afterwards, in the 43rd year of the reign of
Elizabeth, whereby, after reciting that such assurances had existed
time out of mind, a particular court called the Court of Policies of

Assurance (since fallen into disuse) was constituted for the deter-

mination in a summary manner of disputes arising out of insurances.

A marine insurance is a contract entered into between persons
having some pecuniary interest in ships, their cargo, or their earnings,

on the one side; and other persons, who, in consideration of a
premium or money payment, varying with the risk, but payable in any
event, undertake to indemnify (insure) the former against specified

losses at sea. The insurers are ordinarily termed underwriteri, because
they write their names at the foot of the policy opposite that portion
of the whole amount to be insured which they severally insure.

Underwriting is a business still carried on principally by individuals

;

indeed, \mtil 1824, it was, by statute, illegal for any partnership or
corporation other than the Royal Exchange Assurance, and the London
Assurance Companies, chartered to underwrite a marine policy. In
that year the monopoly was abolished, and there are now three ^ther
companies that also insure against marine risks. Even prior to 1824
numerous clubs, or associations of shipowners, for mutual assurances
were established, but theae are now generally limited to small risks

and short or coasting voyages.

The largest underwriting business in the world is transacted by the
underwriters who assemble at Lloyd's,* a . name which has thence
acquired an unrivalled celebrity upon every sea. These underwriters
constitute a powerful association, and tWr agents are established in

every port. The losses insured against are ordmarily perils of the seas,

comprising all the dangers incident to navigation ; capture by a public
enemy, or by pirates, or thieves ; fire

;
jetsons, that is, the voluntary

throwing overboard of goods or merchandise in time of distrW;
arrests or embargoes laid on by public authority; and fraudulent
conduct (called buratry) of the master or mariners. Against all these
risks the underwriters severally engage to indemnify during the par-
ticular voyage, or for the period of time specified in the policy ; and
even if the vessel should in fact be lost at the time when the policy is

executed (the circumstance being then unknown to both parties), the
insurance is, by the ordinary form of these contracts, binding, it being
the practice in our English policies to insure, " lost or not lost," words
not usually inserted in the insurances of other nations. But the
voyage marked out in the policy must be always exactly pursued ; for

the slightest deviation from it, except under circumstances of absolute
necessity, will render the insurance ineffectual ; and that, whether the
loss be occasioned by the deviation or not, and whether the ship
resume her proper course or not, before the loss happens. Every
nuuine policy for a specific voyage is made under an implied warranty
that the ship shall, at the time of the commencement of the risk, be
seaworthy, that is, in a condition to perform the voyage ; and if the
fact turns out to be otherwise, the assiu-ed is not entitled to recover in
the event of a loss, whether the loss proceed from the defects in her
condition or from any other cause.

The assured is entitled to claim upon the policy, not only where he
is able to give direct proof of the loss, but where he can show circum-
stances from which a loss may reasonably be presumed, as that a
reasonable time has elapsed for receiving intelligence of the vessel
since her departure, and that none has been received ; for it will be
inferred, under such circumstances, that she has foundered. (Payment
by underwriters, under such circumstances, is accepted by the Court
of Prot>ate as very strong evidence of the death of those on board.)
But^where direct proof of the calamity is given, it may turn out that
it is either a total, or a partial (called also an average) loss. A total
loss, again, may be either actual or constructive ; the first, where the
thing insured is absolutely destroyed, so as to remain no longer in
specie, or so damaged that it cannot ever arrive in specie at the port
of destination ; the second, where the injury it has sustained, though
short of that above supposed, is so great as to make it reasonable that
the assured should claim as for a total loss, leaving the underwriter to
recover what he can out of the shipwreck or other calamity. And
this case seems to arise whenever the nature of the loss is such as to
afford reasonable ground to the assured for relinquishing the voyage
altogether, as where the ship or goods, as the case may be, are so

• FormCTljr a coffce-boiue in Abchnrch-Iane, Lombard-street, now a snh-
Mrlptlan.room for the traauetton of tlie bu«iaefs of marine assurance (connected
with " Marchanto', CapUiu', and Befreshment Rooms ") In the Boyal Exchange.

damaged as not to be worth the expense of repairs or of being
forwarded. But in order to claim as for a total loss by construction

only, the assured is bound formally to cede or abandon all hla remaining
right in the property to the underwriter ; and unless notice be given
him of such abandonment, within a reasonable time after intelligence

of the circumstance is received, the loss may be treated as a partial

one only. In every case of partial loss, the underwriter ia liable to

pay such proportion of the sum he has subscribed as the damages
sustained by the subject of insurance bears to its whole value at the

time of insurance ; in the case of a total loss, he is liable to the entire

amount of his total subscription, not exceeding the value of the
interest in the thing lost of the person claiming under the poUcy.

The underwriter is also, by the effect of a speoial clause usually

introduced into policies, made liable to indemnify the assured in

respect of any payment he may have properly made for salvage (that

is, for the defence, safeguard, or recovery of the ship or goods), or ia

respect of general average, which latter subject is of a kind to require

special notice. [Average.]
A stamp duty is levied upon all policies of marine insurance, whiol

is very unfairly made to increase with the risk. (Stephen's ' Comms.,'
4th edit., voL iL, p. 126 cl seq. See further Arnould, ' On Marine
Insurance.')

INTA GLIO, an Italian word composed of in and tagliare, to out.

It is a term of art appli^ to small works of the gem class, in which the
design is indented, or engraved, to distinguish them from those in

which the subject or device is raised, called Cameos, and under which
head will be found a brief notice of the history of both kinds of gem
engraving. The French call such sunken works " en oreux." Dies
from which coins and medals are struck are also engraved in intaglio,

but the process is techtiically known as DiE-SlNKtxa, and has been
treated of imder that head. The present article will be confined to the
depressed or incised engraving of precious stones.

The earUest reference to works in intaglio is in the sacred writings,

where they are spoken of as being employed for stamps or seals for

giving autiwiity to decrees, contracts, and similar purposes. lu the
Old TestadHW Sequent notices of them occur, as among others, when
Tamar desired a pledge from Judah he gave her his signet (Genesis,

xxxviii. 18). Another instance is iu the description of the sacerdotal

breastplate, where we are told the stones that were set in it were to be
" like the engravings of a Bignet,,every one with his name." (Exodus,
xxxix.); showing by this general reference that such engraving, or

working in intaglio, must have been well\nown at that time.

Among the ancient Greeks and Romans, the art of engraving In

intaglio was extensively pn-ictised, from the c\istom of wearing a signet

ring being general among freemen. The Greeks carried this branch
of the fine arts to the same perfection which their genius .and feeling

for the beautiful enabled them to reach in all others to which they
devoted their attention ; but we do not trace its existence among
them to a very remote date. It has been supposed that as Homer
does not allude to seals they were not used in his time. The earlier

engravings for signete probably were mere rude symbols ; the exquisite

designs produced by Pyrgoteles and others of the more renowned seal

engrave™ of the best period of Greek art were the ultimate results of

a prolonged course of experiment, practice, and observation, pursued
concurrently with the progress of the arts of design generally. As was
said under Cameo, the art of gem engraving reached its highest point

of perfection in the time of Alexander, and it continued to Sourish for

a long period afterwards. And the Greek engravers also found ample
patronage in Rome, where the possession of choice engraved gems both
intaglios and cameos, became a passion. The extravagant fondness of

the Roman matrons for engraved gems was satirised by Juvenal, and
gave rise to the remark of Pliny, that they " loaded their fingers with
princely fortunes." This profusion gradually extended itself to the
wearing apparel of both sexes ; and among the opulent classes almost

every article of use or dress glittered with engraved gems. The end-

less quantities of intaglios and cameos to be found in private collections

as well as in the public museums of Europe would alone suffice to prove

that there could have been no exaggeration in the statements of con-

temporaries. Mapy of these ancient intaglios are of the most exquisite

design and execution
;
pure in taste, refined in drawing, and modelled

with almost faultless delicacy and precision. Many of course are of

very inferior quality, and it is only due to admit that though essentially

imitative in style many of the cinque-cento intaglios are little inferior

in execution to the finest of the antique specimens.

The gems employed by the ancient intaglio engravers (scalptores) for

engraving on, were chiefly some of the many varieties of the agate, «a

cornelians, chalcedony, onyx, sardonyx, &c., with jasper and other

opaque varieties of quartz ; and sometimes even the amethyst, hya-

cinth, garnet, and other transparent precious stones. They likewise

employed artificial gems or pastes, and some of the finest intaglios

remaining are of this kind.

There has been much discussion as to the process by which the

ancient gem engravers executed works which are now justly referred

to as the best examples of the art. It has been a question with anti-

quaries whether the lathe was known ; but though it is not described

by any ancient writer, the works themselves seem to afford evidence of

its employment, and Pliny refers to the invention of an instrument

which he calls " tomum " (' Nat. Hist.' lib. vii.), which may fairly be
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appoMd to mwa • turning nudiina or tool. It k oartain Qttiy wero
^^^.itit.«.l with the OM o( diamoDd-powder, though Naxian ditat

•ppcua to buTS been diiefly iiwd. Tha atona waa first brought

to tha requiaite form and aiuiaoa by a |>oUah«r (politor) ; when the

•ngraring waa exeouted by the acalptur who employed rariutu kind*

of ^ael inatrumenta. with emery, or Naxian dust, ood oil, m a medium,
or a diamond point aet in ste«l ; and in the finishing, to which the

Oreeka paid the utmoet attention, probablr uaing the diamond-duat

inatead of emery. (See MUller, ' Arch, dor Kunat.,' § 813 Ac, and the

aathoritaea there cited.)

Tiie modem praotioe of catting stonea in intaglio ia by an apparatus

afanilar in principle to the turning lathe, which givea the cutting tool,

placed horiiontaUy, a quick rotatory motion, and the atone on which

the deaign ia to be engimTed being brought in contact with it, the

aurfKse ia ground away or indented, till the effect required ia produced,

lutrumenta of varioua aizaa are tuted, which can eaaily be removed
and replaced, and it ia uaual, during the proceaa of engraving, t<> aupply

the pointa of the toola with diamond^duat mixed with a little aweet

oil. Aa the work proceeda proofa are occaaionally token in wax.

DTTEQER, a whole number, oa diatinguiahed from a fraction. The
more common name for a multiple of unity ia " whole number," mean-
ing a number of units without any broken unit or fraction of a unit.

But if the student find any dilliculty in separating the word " whole
"

for thia purpoae from ita common meaning, be may accustom himself

to the word integer. We are led tu this remark by finding in a work
of cdebrity an attempt to connect the word " whole," as used in
" whole number," with ita general meaning, aa when we aay the whole
ia greater than ita part, aa followa :

" Integers may be considered as

numbers which refer to unity, aa a whole to a part."

INTEGRAL CALCULUS. The integral calculus is the inverse of

the DirrERENTiAi, calcdlus ; that is to say, if a being given, it be a
queation of the differential calculua to find B ; then B being given, it is

a queation of the integral calculus to find a.

The queation of findim; a differential coefficient requires the attain-

ment of the limit of the ratio of two simultaneously diminishing
increments of y and x, y being a fimction of x : and therefore the

fundamental question of the integral calculus is as follows : knowing
the limit of ratio of the increment of y to the increment of x, required

the function of x which y is. Or, having given a function of x,

required that ftmction of which the given function is the differential

coefficient.

But though this view of the fundamental question is sufficient in

pure mathematica, it ia not calculated to connect the process of in-

tegration with tboae conceptions which the mind employs in applica-

tion to geometry or mechanics. AVe are here accustomed to a rough
speciea of integral calculus, with which the preceding seems at first to

nave no connection. Thus a number of small straight lines joined
together appear to compose a curve with sufficient exactneaa [Abc] :

we arrive at the calculation of a body's variable motion by suppoaing
it uniform during small intervals, and accelerated at the end of each
interval [Acceleration] ; and we obtain the area of a curve with any
degree of exactneaa by subdividing it into a large number of small
currilinaar areaa, for each of which we substitute a rectangle [Area].
It should aeem then that when, making the proper use of the terms
[IxroilTE], we say that every magnitude ia made up of an infinite

number of infinitely small parts, we might add that every one of the
narta ia of a more simple kind than the whole. Thus we appear to
nave a right to say that a cunt is made of infinitely small ttrtug/tt Una;
that gradual variable motion ia made up of infinitely small separate
tatpa^a/ that the area of a iwrve it made tip of infinitely emaU net-

tnfjUt. A correct understanding of thia connection is the key to that
of the integral oalculua, and most completely so to that of ita ready

plication.

student who haa read the articlea above 'cite<l may now
arour to connect the results, and others of the same kind, by the

following generalisation. Let a whole be divi<led into parts, and let

each part be capable of subdivision into two parts, one of which can
be simply explained and found, and the other of which would be aa
difficult to find aa the whole itaelf. Let A + a be the first part, of
which a is of the former apeciea, and a of the latter. Let B-t b, c + e,

Ac, be the other parte, of which B, o, Ac., are of the former, and b,

e, &c., of the Utter apeciea. Then the whole queation is

^mUeal
The

t-o-t-6 + c +

by which nothing ia nined aa yet, for a, b, e, ke., are of as much diffi-

culty aa the whole which ia to be found. But auppoae that when the
Bomber of parte ia conaidemble, a ia very amall compared with a, even
though A ahould be amall ; and tha aame of 6 compared with B, and c
eempared with c, lus. Then the whole in question ia nearly found by
adding a, b, c, &c : for say that a were leas than the thouaandth part
of A, 6 leaa than the thousandth part of B, and ao on ; then a + b*e +

ia alao leaa than the thouaandth part of a -f B -» o , or the
Utter may be taken fur the whole with an error of leaa than one in a
thonaand. Further, auppoae that by taking a number of parU auffi-

dratly groat, we can make a, b, e, Ac., aa amall aa we pleaaa in oom-
pariaoDof A, B, c, &a, thena-^6<fe^ ...may beaa amall a part aa we
plaaaa of A-fa-t-o-f&c Consequently, by continuing tua process
without lioiit, tha limit of the aummation of A-t-B-t-c-t- ... ia tha

whole required, without the neoeaaity of paying attention to the re-

maining portions.

Now let ^ be a function of x, of which the differenUal coefficient

^'x doea not become infinite when x haa any value between a and a -t- fr.

Then [Tatlob'8Tucore)i] it may be ahown that, wheoever x and x-t-

A lie between thoee values,

^(x + h)— ^=^'x.h-{-Th',

where F ia not such a function of x and A aa would hinder pA and A
diminishing without limit together. Let a become a -t- A by the atepa
o-r», aT2», a*»e,nt being =6. We have then

^ (o -HO) — ^ = p'o 6 » A**

<Ka*29) - <Ka-{-e) = ^' (o (•«) « -H B<"

<f>
(o-hStf) -

f> (o-^29) = <>' («-t-2«) 6 + of

^(a<-»ie)-0(o-m-l«)= ^'(a-l-«-l«)-H««

A , B, o, . . . z, being functions of the same apeciea as r. Sum theae,
remembering that n9= A, and we find that

^ (a -t- i)—^
is made up of the following aeries :

—

|*'o-f*'(o + «)-t-^'(o-h2«)-t- -f^'(a-ni:^»)|«

^k«+ B« -H c» -f -^ e9 Jfl

If then we diminish S without limit, or increase without limit the
number of steps by which we pass from a to a -f 6, we have before ua
such a case as has been already described. Let p be the least value of
^'x corre8|)oiiding to values of x between a and a -»- A : then the ratio
of any term in the first series to the corresponding term in the second
cannot fall short of that of p$ to a6-, or Btf', &c , or the ratio of /> to
a6 or B0, &c. But by diminiijiing e without Umit, all the preceding
ratios are increased without limit ; that is, the ratio of the first aerie*
to the second series is increased without limit. We have then the
foUurwing equation :

—

^ va -t- A)— f>a=limit of 2 (^'x . Ax) beginning at x=a and ending
when x=a + A : or, if the interval from a to a -t- A be divided into »
parts, each of the value Ax (called in the preceding), and if .t be
made successively equal to a, a-t-Ax o-eA — ax, theu the sum
of all the values of 4>'x, each multiplied by Ax, approaches without
limit to p(a + b) — <t>a, when n is increased, or Ax diminished with-
out limit Now the same sort of convention by which [DirFEBSKTiAL

Ay dy
Calculus] the limit ot —a expressed by -j- is here extended, and

the limit of S (^'x . Ax) is writteny^'x . dx. The beginning and final

values of x are placed above and below the integral aga/ : thus the

preceding equation is written

(»+&):-;«= r''^\<xix.

It u common to represent the terminal value of x by a; itself, aa
follows :

—

^-^''/>'x dx.

and when the initio] value of x is left indefinite, then a aimple con-
stant is written for ^, and the symboU of the limits are omitted, as
follows :

—

fzs f^dx-i-c

Let us now auppoae a given ftmction fi, upon which we wish to
perform the preoeding summation, from x= a to .r=o-)-A; namely,
making n Ax=A, we desire to find the Umit of

\fa-¥f{a+hx) + -^/(o^-J-Ax) |ax

on the supposition that n is increased, or Ax diminished, without
limit. This process can be performed immediately, if we can find the
function which has fx for ita differential coefficient. Let/,x have the
diff. CO. fx ; then, by the preceding theorem, the required limit of the
summation is

/.(a-l-6)-/,a.

For instance, so soon as wo know that _ is the differential coeffi-
X

dent of log x, we know that log (a -f A) — log a is the limit of the
following aeriea.

Ax
O-hA-Ax

the number of terms being n, Ax being the nth part of b, and n being
inoreaaed without limit.
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The process in the article Area will now easily show that, y being

the ordinate of a curve to the abscissa x, the area contained between

the ordinates whose abacissse are a and a + b, the part of the abscissa 6,

and the cvure, iafydx taken from x=ato x—a + b. Thus if the curve

be a part of a rectangular hyperbola, whose equation is xy=c,OT y=

—, the area included between the ordinates, whose abscissa! are 1 and

1+*, '/^ dx from a;=l to x=\+h. But c log a; ia the function

whose differential coefficient is— ; whence it follows that the pre-
X

ceding area is c log (1 + 1)— c log 1 or c log (1 + i) square units. This
is the property of the hyperbola from which the logarithms of Napier
were called hyperbolu. [Logarithhs.]
An integral is said to be definite, when its limits are given ; and in-

definite when they are not given.

1NTEGR.\LS, DEFINITE. [Integration, Definite.]

INTEGRATION. In the article Integral CALCiiLns, the meaning
of so integral was explained. The present article is devoted to the

operation of integration, that is, of finding the primitive function

which has a given function for its differential coefficient. Having given
p a function of x required Q so that dii : dx may be p. In the article

Qoadbatcres, Method op, is given the mode to which we must
have recourse, in order to find particular values of Q, when the
general methods for determining it fail. In this article we confine

ourselves to what is most useful in operation, as a summary for the
advanced student, not an explanation for the learner. Properly speak-

ing, the problem requires some addition to make it definite. Thus 2.x

has x' for a primitive function, and also x^ -( c, c being any constant

quantity whatever. In the present article, we shall neglect this con-

stant altogether, reminding the reader that he must never omit it in

any application. If he should find in different books different functions

given as the primitives of one and the same function, he will always
find that those different primitives differ only by a constant quantity.

Thus (1—x)-' and i(l -x)-'both occur as the primitive of (1—a)— *;
but they only differ by a constant, namely 1.

In the common process of integration, the actual passage from the
differential coefficient to the primitive ia always an act of memor}'.
The algebraical work which occurs is always used either to reduce a
form in which memory will not serve into one in which it will, or else

to reduce the given differential coefficient to two terms, one of which
can be integrated by memory, and the other of which is more simple
than the original quantity.

The functions in which the simple remembrance of the forms of the
differential calculus is of use are as follows :

—

J dx=x, j aix=ax,J 3ffdx= :^^,J yj =2Vj-.

f^ = - (5rTVt-../-J =log*,/o'rfa: =
log a

/•fdx = —
a

/wiax dx= - ootr, fcoaz dx=taDX, / —

r

J 'J cos*,

/ dx /•

V(l-x«)
=«in-'^.y

= tana;

-dx

^)
;r =eo«-':r.

To these should be added the following, which may be obtained in
vuiooB ways from the methods of this article, or from peculiar artifices
which are found in works on the subject.

/ <fa
.

^x t- -dx X
V(o'-:<^)

""^
~o.'J "• -->

==«»"' -

/
/ dx

/

3!') "" a'J V(tt«-a^)

dx

V(;f+a') =^°8 {*±V(^-a«)}

1 (a + x\ f dx 1 fx-a\
Ta

log [in) J ii^. = u% [ttz)
dx

ar* + a'

dx

= -tMi-"-
a

/ah = log *«» i/— = log cot (j -
1)

ytuaxdx- -log COS! ycotxdj:=log8ina:.

Among the peculiar artifices of integration may bo reckoned the
following, which are perhaps nearly aO. that can be uaefid to a
learner :

—

1. The reduction of such a form as fxdx to another fonn/vrfr, in
which V is a different variable. Thus /(a^ + x?)'xdx can be imm«-

diately reduced to i/{a- + x'')'d.(a^ + x') or {/v^dv, where v means
a- + X-. The second form is immediately seen to be integrable. Cases
of this kind are bo various that the student must form the habit of
looking for them, and recognising them at sight. Sometimes a slight

transformation is required, thus : (1 + ae' )
— 'dx, when reduced to

{f~'+ a)~'^(~*dx clearly shows the form —»~'rfc, where v is

f~' + a.

2. The reduction of algebraical to trigonometrical functions, and
the converse. Thus (a-— x'-)'"x» dx, if x be made a sin 6, becomes
a-'" !• + ' coa"+i9 sin'flrfS. Also/ (sin 9, cos ») . d0,iix=ian 0, becomes

f \x, ,/{l-x")\.(l-x>)-idx.

3. When rational powers appear in a denominator, they ehoiUd be
tranaferred to the numerator by changing x into 1 : :. By such a
transfonuationj we change

dx z'—^dz
into

X" V(a + *.c + ex*) \/(<a' t bz+ c)'

4. When an irrational root of a polynomial appears in the nume-
rator, it should generally bo transferred to the denominator : thus,
Vx dx should be written xdx : Vx. By such a tranafonaation, we
change

. , .
a'dx x'dx

V(«' + x') . dx mto —T—7.—-j> + "77-; nr.

5. When, by the addition of more simple terms to the numerator it

can be made the differential of the prominent function of the denomi-
nator, such additions, with compensating subtractions, will frequently
reduce the question of integration to a more simple one. Thus we
alter

xdx
. 1 2cx-Hi—

i

mto
V(<i + tx-Hcx')

1 d(a + bx + x^)
or — —

2c V(<» + 6x + cx«)

b dx
2c V(<i + 4x-i-cx») 2c ^/{a + bx + c^f)

the first term of which can be integrated as in (1), leaving the second
term, which can be simply integrated.

6. The process known by the name of intfgration by parts, consists in
reducing the form xdx into any convenient form ydv, and using the
obvious theorem

/vdi) = TW — Adv,
thus the finding ot/\dv is reduced to that otfvdv, which it may often
happen is the more simple of the two. Thus to find/x" log xdx, we
have

/"i ,
X""*"' logx.x"+' /•x"+' rfx

J °^ ' m-\-l ~ TO-t-1 ~J TO -Hi ~x

about the second term of which there is no difficulty. But it often
happens that this method succeeds by a succession of reductions.
Thus it gives

ft'afidx = x»«' — 6/e'x'dx

in which the second term must' be again treated in the same manner •

and 80 on, until we arrive at ft' dx.

7. In the last mode of proceeding, it is best to form, in general
terms, an equalum of reduction, as it may be called, which furnishes
the key to the reduction of each case to the one below it. Thus if

f("x'dx be considered as a function of »i, and called v „ integration
by parta gives

V, = «- 'v.-„

thus showing how to find ft"x'dx as soon as/t "x " - ' dx is known.
8. The use of the equation of reduction depends upon our being

able at last to reduce the question to that of finding a vLsibly known
integral. Thus, if in the preceding » be an integer, we must at last
come to/t"x°dx, or ff"dx, which is known. But if n werea fraction,
no reduction of the value of n by units at a time would lead to an
integrable form.

9. The integrable form at which we arrive by successive reductions
is called the idUmaUe form. It frequently happens however that the
reductions proceed by two or more ateps at a time, in which case two
or more ultimate forms result. For instance v. =/(o'—x') -* x'dx
has for its equation of reduction

V. =

x»-' V(a'—x») %-\
'

(l'V._2

Accordingly, when n is even, we are brought at last to Vo, and when
n is odd, to v„ or to sin - '(x ; a) and — v'(o^— a.*).

10. In using equations of reduction, it will be found more conve-
nient to work upwards from the ultimate form to the case required,
than in the contrary way. Thus if we want v,=/« »x*dx, the equation
of reduction being

V. =«;"€' -nv._i,
we should proceed as follows :

—

Vo=«', V,=X«« — €»

v,= x»«' -2(xf«— t»)=x'6» — 2xt' + 2e'
v,=x'«' — Sx^f* -f6x«'— 6«'
v,=«!'«»— 4x'«'» -Hl2.r»t" — 24x«« -Ha<««,
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11. Tliare are wreral omm in whioh th« followiiig rat«iMioQ of Ui«

tkeervm known by Ui« nam* of John Bernoulli may b« uMful. Let

«>, «*, Ao. be the (ueoeMiTe dilfcreotUl eoeffidenta ot u with rwpaet to

X, and letr,, r^ *^ &<^ b« the •oeeaMiTe int«ginli o( v with nqwet to

X : then

/«<*»= Mt(-i«'»,+«"»',-ti"'»,+ ... +*w», q:yw<"f-»t».rf».

Tkk ia partiouUrW uaeful when m i( a rational and integral function,

and « ia auooeaaivMy integreble with eaae, aa wben u is f **, ain ax, or coa

tuc The |«i nnaaa can then be continued until the remainder vaniahaa.

12. In the caae of ^rdx : ^r, whero ^ and ^x are rational and

integral functiona, the integration is aln-ays poeiiible ao soon as all the

rootaof fz=0 are found The proceai in Fractioxs, Decomposition

or, must be applied. When this is done, and the function thereby

reduced to the sum of terms of the form A{x—a)~'Hx, the integration

gives no trouble.

13. In the caae of a pair of irrational roota, a+^V— 1> each occur-

ring once, the sum of the terms which they produce can be reduced to

tka form

the integral of which is

A. r. — 1 B + Ao z— a

2 •»« {(«-«)•+'»•} + -r *«»-'
-J--

14. When ^rtfjris a function of powers ot any one case of eut + b, it

can, if irrational, be reduced to a rational function by assuming

ax + ftzv', where m is the least common multiple of all the denomi-

nators in the exponents. For dx becomes m«f""'rfr : a, and every

power of ax + b becomes an integer power of r.

16. The function x" {or + b)'dx can be integrated when either m or

N is a positive integer : when n is integer, by simple expiinsion ; when
m is integer, but not n, by making ox + 6= «, and substituting. But
when boUi m and n are negative integers, let a:=l : y and after sub-

stitution, make a + bii = «•, and substitute for y.

16. TlJe function <ftzdx : (x* -fo • ) can be eaaily integrated by de-

composition of fractions, the ifenominator never having equal roots.

Hm lama may b« said if we substitute x'' +2ia*x* + a' in the

dmominatnr.
17. In x'{a + bx')' dx we have an integrable function, whenever

either of the following is a positive integer :

—

r^l r + 1
-J-,oT--^-t

The substitutions which succeed in the two cases are

a + bx' = v',aod <u;-' + 6=»'

S lieingthe denominator of (.

18. The following transformation involves a large number of obvious
caaea, and ia constantly occurring. Iff<^dx= '^x, then f<^ax + b)dx=
^(az + 6) : a.

Thus in no list would /co«(az + i)<te be set down, after /cosx efx

has been given.

19. The following integrals are worth giving separately as ultimate
(onus:

—

dx 1 . a/
dx 1

= 5«^'^

dM

dx

= 5 log

=cos-'

o-f V(a*+2*)

=venr-' -
a

/
/
J V(2a»- + ^)

/ dx /• d{2ex + b)

a-t-bx't-a^ J \

log f a; + o+ V(2aa; + a«)/

•6*(3ac.t-6)' + 4ac

whidi eome* under one or another of three previously given forms
aeoording aa ft*— 4ac Is positive, nothing, or negative.

/xdx 1 b /* dx

/ dx

^{a + bx + <V)
^log |2«r-t-6+V{4f(,

/
dx 1

/

IMX'^ia + bx-t-ci?).

/ "i/x.dx

^/{afbx—e^f)

1

2

1

ViF+P dx

•in-"

cx»

a + bx +cji)')\\

icx-b

V(J«e+6^

j- log (« + ^5"+^)

(te= ^ X Va'—j^ +

Then

2ex + b
v« +

iae-b

8< / dx

/y/X.xdx~ jjxl- j-^yVx.d*

/xdx Vx _6_ /* <

Vx '"
e ~ 2c J ~

dx

»Vx

Let/^
/

dx

Vx
1 . 2a + bx-2-^(ax)

75 log

1 . _, to-t-go

V-n xy/(t>>-iac)

dx

v^4'

1 b+a coax

6cos« ~ V(o''-*')
*"**" «+* eos^r

1 f 6-1-a coe j+ V(t»-a*).Bin j I

a+6oos« J

20. All that it remains to give are the aquationa of redueticn for

remarkable cases. Many other differentiab can be integrated in a
finite form : but it is impossible to give a list of all which are aoma-
times useful. The transformation of unknown to known forms ia one
of the moat necessary studies of the young mathematician.

21. Let T«,,=/(loga;)"a*(ia;. Then

Vi^.=(logx)» Vi^l..n-fl n-t-l

22. Let p stand for a** + Bt', (m, n) for /x»p"da-, g and h for

m + 1 -1- na and «i + 1 -^ nb, and e'for a—b. We shall then have

h(m, ») + »«A(itt-ho, »— l)=a;"+'p*

(/(in, n)— n<;B<m + 4, »— l)= a:"+'P*

gA{m, n) + (A—e)B(m-c, n) = a"-*+'p"+'

to(m, n) + (5f + c)A(»i-fc, «)=x''-*+>i*+'

from the first pair of which formulaj of reduction can be found for n,

be it positive or negative, and for m from the second pair. The
most useful cases are those in which a > 0, 6 = 1, and in which
a==0, J= 2.

23. l.etY,=/[3?±a'')—dx. Then

_ a-(ar±a')-'''-" 2»-8
^'~±

(2»-2)a' ± (2n-2)a^'"-'•

24. Letv.=/(*y:o»)"<te Then

"~
2)1 + 1 ± 2» + l^'^''

25. Let T,=/(o'—a^)-^te or yi;o'-a:')»<ir. The equations of

reduction are those in (23) (using the ) in ±) and in (24), and
writing o*— a:' for ar'^o'.

26. Let V .^, =/x'(a'±i^)-*dx. Then

— ^~' 1 w-1
^-••= + 2(n-l) (o'+a:')—' ± 2(11-1)'—*•-'

a"+» 1 ro+8-2»
^•^'- 2(»-l)o» (o»+a?)"-' ~ 2(i»-l)a«'-'—

'

a"-' 1 m-1
^".« = ± ;^i_2» (a^i**)*-' + m-t-l-2n o'^—* ••

27. Let v« «/t"(o»±a?)-«. Then

V,

a—'(o*±a;«)t _ m-1
= ± m + -i^ «*^—

•

28. Instead of giving a large number of forms which are all de-

rivable from (22), it will be better to give an instance of the derivation

in fuU. Let the case be /x-"(2aa— x»)"<i«, and let the formula b«
required to reduce both m and n in numerical magnitude. Here, to

transform the formulae in (22),

For m write —m j retain n.

For A write 2a ; for B, —1.
For a write 1 ; for A, 2.

For 17, — m-l-l + »; for A, —m-i-l+2H.
For c write —1.

The first formula connects (—m, «) and (—m— 1, n— 1), the second

(—m, n) and (—m— 2, n— 1); the third (—m, n) and (—m— 1, n);

the fourth (— m, n) and (—m+l, n). By either of the first two we can
therefore reduce both ; by either of the last two we can reduce tn only.

Observe that whenever a formula will serve to raise either exponent
it will also serve to reduce it. Thus, if a formula wars

•-(m,«)+i|*».T» + i
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write m— 1 for to and we have, by transformation,

^(m— 1, a;) 1

^-= ~ ij,(m-l) * <Km-l)^»-'

The two flrat formula become (p being 2ax—3?)

(3rt-m + l) (—m, n) —2an (-m-1, n-l)=ar-"+' p»

(»—m + 1) (—m, n) —n (—m^, »—l) = .<:-"+' P"

from which, writing v,,, for (— m, «) or/.r-"P"Ar, we hare

(2<u:—a?)" 2na

Vii,« —

2ii—m + 1 a--'

-m+1 af^'

2n-m + l
^ --'•«-'

«

-m + 1
V«-2, »-l-

If it were required to reduce n in the preceding without altering m,

throw the formula «-"(2ox—le')*, into the form x^-'(2a—je)* and

use the first of the four formulae.

29. All the preceding forms inrolving x'r' are particularly in use

when n is a fraction, positive or negative, with the denominator 2.

These in fact form the most usual cases. Formula: involving the

powersof A + BX+oz^areso little wanted, that they are better omitted

in a work in which space is of importance.

30. Let B and c stand for sin » and cos t. The integral /8"c"(ifl, m
and n being positive integers, can be immediately found if s'c" be

reduced to the sum of terms of the form A cos W or A sin W. But
this process ia laborious, except when a simple rule is mastered which

seldom appears in works on trigonometry, and is seldom used except

when there is some particular reason for exhibiting the result in t^e

form of simple sines and cosines.

81. The following equations of reduction are those which are most
commonly used :

—

/c8"-> m— 1 /•
H'de= —- + / 8—»<M

/ac*-' n— 1 /• . ,

/de c TO—

2

r d9

8" ^ ~ (m—1)8—' * TO-1 J s"-'

/de B «—

2

/• de

c"
"^ (u-l)c—»

* »-l J c^»

/B"+'c—• »— 1 /•
8"c»(i«= — + / a"c"-'d9m + » i» + n y

m—l r
/ s»-'c"(f»m + i» y

8"-'c"+' M—l
+m + n

/
e'rffl e*-' »—

1

/c'-'

s" ~ ~ (i»—1)8"-' ~ m—l J s"-

/B"(f« B"-' >»—

1

/'s—'d

c* ~ (»— l)c»-' — n— 1 J c"->

y
'dfl 1 m + i>-2 /* di

B"c» ~ - (»-l)»"-'o^' *" «-l J "c»-=

r»c>«-«rffl

-i

-1

(»-l)»"-'o^' * «•

1 aH-n-2 /• rftf

i»-l y 8"--c"

'0—3d«

m-2 /• rf<

" (»-l)»»-'c^' "* i»-l J 8—

•

/
c'da c^' »-l /•

a" ~ (i»-in)s»-' ''" »-m ^
c"_+> »-m42 /•>

1)8"-' ~ m— l »/(m
1—»<M

/
8"rf> 8—' m-1 /»s—'(M

c" ~ ~ (m-»)c*~' m-» y c"

8"^-' m—»+2 /'fde
~ (»-l)c»-' ~ n-1 y c»-«

/ton*-' 9 /•
tan"»rf«= ^_^ -J tan—*Ode.

32. We have given the last ste|ie in various forms, because in fact

all the integrals <if the form /x"(a'

—

x')''dx depend upon them.

For if x = osin 9, the last integral becomes o" + '"+ '/sin "9 coa'"+ '$d9.

We have now given most of the forms which will be useful in an

ordinary work oJ reference. Further forms and examples will be

found in many works on the integral calculus, but the largest oollec-

tion is in Meier Hirsch's ' Integraltafeln,' Berlin, 1810, 4to, a work of

whioh tkar* is also an English editiaa.

We have omitted notice of a grMt amy such forms ae/x't—Hj;
fx^if C08 nxdx, fto., which »e little used, except in particular cases.

When fee . •''ctocan be integrated, it follows that 4>x . <*'cob hxdx,

to., can also be integrated, since the second can be made into the sum

or difiference of two functions of the first form, by putting for cos bx

or sin bx their exponential values.

The question of the possibility of integration in finite terms can

ten be settled by the following theorem -.—Integration and dif-

respect to different variables, are convertible
often

ferentiation, with
operations; thus

dfudx

dy -f dx.

If therefore /u<t« can be found, so also can f{du : dy)dx, if y be not

a function of x. From this it will be seen that whenever <pxe°'dx can

be integrated so can <^f"x*dx, which ia obtained by « differentiations

with respect to a ; and also that whenever ipx . x'dx rain be integrated,

so can ^x' (log x)''dx, which is obtained by m differentiations with

respect to n.

Functions involving the traiiscendental forms sin -' ^, &o., can

sometimes be reduced to more algebraical forma by integration by

parts. Thus,

/ V sin-'x.d<;=8in-'s./v(ia; - ///•X'/Vi
V log srfa:=log X .Jsdx -J

—-

x'fvdx

V(l-x"-)

x'/vdx

dx

dx, &c.

in which x' means dx : dx.

INTEGRATION DEFINITE. In the preceding article we have
given some idea of the usual modes of integration. The results,

which in the present article are given under the name of definite integral,

are mostly cases in which it is possible to find an integral when both
limits are given [Integral Calcdlus] ; but not possible to find the

integral in all cases. If we can integrate ipxdx generally, that is, if we
can find the function f,x, of which (px is the differential coefficient,

we can always express the integral, the limit of the summation in the

article just referred to, as follows :

—

y^
^xdx= pj)— <p^a

but it frequently happens that fz is a function for which this cannot
be done in a finite form, except for certain values of re and 6. And it

Iiappens almost as frequently that these practical values are of

particular importance.

But the view of definite integrals which best shows their utility is

the consideration of them as fundamental modes of expression. The
ordinary symbols of algebra, it is weU known, are incompetent to

express in finite terms by far the greater number of integrals. Con-
sequently the integrals themselves become modes of expression, and
frequently the only ones. When we find a language with which we
have much to do, and which baa words which cannot be translated, we
adopt the words of that language into our own. Precisely the same
thing is done in the Qase of definite integrals. Thus, in Factobials,

we adopt the integral Yjjt—'x'rfar, as the fundamental mod? of expres-

sion for a function tiU then inexpressible, which becomes 1 2 . 3 . . . )^

whenever n is an integer, and remains intelligible, thou)>ii not very
easily found, when n is a fraction.

Further to illustrate this, let us suppose that the integral calculus

had made some progress before the conception of a logarithm had been
formed : a thing which might easily have happened. It would then
have been found that fx~^dx was wholly unattainable, a function which
algebra could not express in finite terms. It would therefore itself

have become a mode of expression, and it would soon have been
proved that

/'dx /•'dx /•"'(/.«

1 X *J 1 X ~J 1 x'

Here then would have been an obvious indication of the existence of a
function proper to Ije m.ide use of in performing multiplication by

means of addition, 4c. ; and tables of the values of J.x~^ dx would have

been formed by the method of quadratures [Quadbatdres,] or other-
wise ; which would, so it happens, have been a much easier task than
that which fell on the first calculators of logarithms. For all this

however it happens that we are prepared by knowing logarithms and
r /-""'

their properties ; so thatyz-' dx is seen to be log. x + o, and yj a: cjj; to

be log. a : the logarithms throughout this article being Naperian.

But we are not equally ready foryt dt, nor for/e x'dx (except/n
COS X tZx : and accordingly we are obliged

to study the properties of these funcUona as fundamental modes of
expression.

To give some idea of the use of this view, wo exhibi a mode of
solving the following partial differential equation.

du,

the general solution of which cannot be expressed in finite terms. It
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will rndij be woo that c«>^+>' ia lolution for any value of c and r,

jKOTJdad only tliat m=<»': and also that th« (um of an; number
«( moh tanu ia • aolution. Henc« we aasume an indefinite number
of neh tenna. giTin^ to o the form fr-dr, and umming them with

oeh Taluea of r aa will make the whole repreaent

and w* than aee that thia int«gnl ia a aolution or general value of h,

vrfkatarer the function f* may be, and whatever may be the valuaa of

p and ;. By a reduction which ia rendered eaay by some of the

nsolta jii atuUy mentioned, thii aolution i> thrown into the form

«=_/*" f (x + 2rVoT) «-^ dv,

where i|> may be the symbol of any function. From this it Is clear

that the given differential equation haa numberless solutions which
ardinary aymbols are incapable of ezpreaaing in finite terms. The
traatiae in the Library of Useful Knowledge on the Differential

Calculua, Oregonr'a ' Examples of the Differential Calculus,' and the

CambridgB MatAeinatical Journal,' and its succeaaor, contain various

examples of this mode of expression applied to differential equations.

We now proceed to give a selection from the enormotu number of

definite integrals which has been given. They have been found by
detached methods, so that we could not attempt to give anything more
than the resolta. Our article is intended fur reference to the forms
which it ia profaaUa will be noted in future elementary works, and
which the mathematical reader may also wish to refer to. In order to

aToid risk of broken or dropped letters, in an article in which the

oarrect printing of the limits is of the utmost importance, we shall

print what is usually denoted by /^ ^xdx in the following way,

J^xdx [a, 6]. Any conditions as to the ^-alues uf constants will be
ocpreased b^ore the integral. It need hardly be said that the article

FACTOBlata most be considered as a part of the present one.

Among the integrals which clearly depend on, or are connected with,

factorials, are the following :

—

r(m+i) r(>i-«>-i)

(1+^ [0-'»] =

(m and n positive) /af-> (1 - ^)-' ^-^ [0. 1] = r(m+»)

rm.r*

r»

Vm. Vn

(«+o)«+« *" t**' ^-l " o-(l+o)- r(n + i.)

(» po«UTe)y(-log x)*->(fx [0, l]= rfi

(m and It po«itive)yx—' ( -log x)»-' dx [0, !]=»»-• Tm

(a and n poaitiTe)^"**-' r-« Ac [0, oo]=s«-"n«

(a pomtive)yf—"(tc [0, oo] = - r -

ft-^dx [0, go] s iV*.

Tables of the value of (2 : >/*) J'r-^dx [0, o], which are of great

importance in the theory of probabilities, are given in modem works
on that subject. The foUun-ing expression by means of a continued
fraction is useful. Let g= 1 : 2a*, then

1

1 +
±_h.h. ^

,
/•l-x"

2,

1+ 1+ 1 +
dl«igr(l+n)

dn

&c.

1 being as in Factorials.
One of Euler's integrals, generally called the second Eulerian

integral, the factorial integral being the first, he denoted by the symbol

( ^ ) ; it U /*-• (l-«»)?-' «tr [0, 1],

•nd it is included in those already given.
There is a class of multiple integnls closely connected with factorials,

wfaioh may be made to save much trouble in applications to geometry.
We shall take three variable* as a n>ecimcn, but the same formula)
may be written with any number. Tiie triple integration being made
for all positive values which give ;c + y + s not exceeding /, we have
(o, b, t, being posiUve)

fx^^^^f-^dxdtdt^
Ta.n. Te

r(o + 4 + c + l)

/«^* »*-' i^'/(x+ » + 1) dxdndi

lm-¥t*t

Similarly, the condition being that

hall not exceed I, we have

/•-^'-'/{(?r^(r-(i)'}'^

We shall now give some specimens of the results of functions

involving trigonometrical quantities. One of the most important of

this class is the following :

—

_fx-^ aitt ix <iz [0, oo]= + i»

according as & is positive or n^jative.

/oosazdx /'Kaax.xdx , _ w '

f*— cos&zdx 10, 00 ]=o : (o«+i*)

ft-"anbxdx [0, «]=& :(o«+6«)

:

from these come

/ cos JxAt [0, oo ] = 0,/ sin 6«ir [0, 00 ]= 1

;

and from these come two equations which have been much used, long

before they were openly expressed,

sin 00 = 0, cos oo = 0.

Some difference of opinion exists about these equations, which in

fact involve a great deal of what has been done by mathematicians * in

the last thirty years.

When a and n are both positive

rM.oosIn tan~i (&:<>)}

/"r-"cos6x.a^»d«[0, oo]= ^^
(o»<t-6«)i

y«-*• gin 5a; . a5-' <te [0, 00 ] =
rH.sin{ii tan-')6 :«)}

(a*+b')i

/cosx- .x-dx [0, 00 ] = - r(—-j cos [-^;;^ .)

1 fn + l\ . /b + 1 \

^sm x'.x-dx[0.«,]= - r[-^) sm [-^^ »

j

/aaax dx ir €*-«» t—t—

But when a=2ini±c, in being an integer, the preceding int^p^l is

w *• +«-«—2t—
2 .-.-» •

This is a specimen of a sort of discontinuity which very frequently

occurs, and from not attending to which mistakes have often arisen.

If we call t(«' + t-') and i (f»-«-*) the hgperMic cosine and sine

of X, and denote them by h. cos .c and h. sin z, we have, the limits

being and oo , and a being leas than w.

/h.j
h.1

/
/
/

h. sin oz 1 sin a

hTsinM <»»«<«=
2 coso+ h.co8C

h. oos ax cos 4<> . h. one fe
•-^ cos ex dx »«

i:^

h.co*w« cos a +11. cose

h. cos ax 1

hTSSTi ""«*'= 2

h. sin ax
aincxax <

h. sine

2 oosa+ h. oosc

an 4? • h- 'ip 4<

sin cxdx 1 r* +1 1

^fi—'dt/P—'dt
t„_, [0, 00 ] is the tith number of Bernoulli

[Numbers or Bebnoclli], meaning that oppoeito to which 2n-l is

written in the article cited.

* With regard to Ibcm eqnntlona, It mutt be observed that the}' are not to

hare their algobrslciil coiueqarnoe* ; thiu, tin'o b not V, but i. The truth

•scins to be, a« far as jtt appears, that any function »' which b«oome» indsSniU
In form, by the anflo x becoming Inflnitc, ii properly repreatnted bjr / »j-Ae

[U.Sv] divided by 2».
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As specimens of the reductiop of definite integrals, the integrals

«"• COB axtdt _ _ _
pf-a'-ti sin asct tdt/(-«"* COB axt dt , /*€

TP^i
[0.cc]andy- 1+P [0,co]

are BeTerally equal to

I r-^y «-"(?<[-«, Jx-o]

± «"y «"'" dt [Jar+a, » ]
|

the first having + , the second—. Also

-^-^^ [0, 00 ] =V .
«"•y *-" * [a. " ]•

The following is fundamentally imiwrtant.

/e-«»«' COB fcttfa [0, oo ] = -g^ «- at

The integral A^f— [0, o] has been tabulated [Diff. Calc, L. XT. K.,
J log a;

p. 662] by Soldner, and a great many integrals may be found from it.

Soldner proposes to call it the L>yarilhm-inteffr<U of a, and to denote it

by the abbreviation li. o. Adopting this notation, we have then, both

in definite and indefinite forms.

y log X J
i^dx= U. .i*

tf log {a + bx) b J
and K on.

Of miscellaneous integrals there is an immense number, of which we
give a few instances :

—

/
{X-'<f)(\-n')it

pp i-._;
r(l+ror(l+n)

(l-r)logr ••
' •• r(l+m+n)

/
'

\ /** tan xdx rn. _-i ~
(a pos.) /

, , ^ [0, » ] = -

o'+x' «»' + l

, . /*a; cot xdxmi »
(opoe.) /—___ [0, «] =___

J o' + a:* f"—

1

(o pos.) /^r-" sin Sir.a:-'<ir [0,00 ] = tan ' (i : a)

' cos te—

«

Lf??i^,«i.[0,=o]= llogf!!±^

if neither a nor a be negative.

'«-*'7ii da; [0, oo]= 1 V*r-=*

/
/•

xsinxdx
jo^ ^^^

Tj^g
(J ^^^ ^^ JL log (1 + 1)1— 2a cos z-t-a* a a a

according as a is less or greater than unity.

Among the means of producing or using definite integrals which are
compreheasive enough to deserve the name of methods, there are foiu-

which particularly deserve the attention of elementary writers.

The first is Laplace's mode of finding the approximate value of a
definite integral in which large constant exponents occur. Let ^a- be a
function of x, such as f-'x" or ar" (1— a-)", Ac, in which n, m, &c.,are
considerable exponents. Let this function vanish when x= a and a-= 4,

and, coutinuing positive and finite throughout the interval, let it come
to its maximum Y, when a'= x. Let f, mean the value of the second
rlifierential coefficient of log ^x, when a: = x, and assume 0.r=T«-'^
Then

J^dx= T V (- —) y «-" di nearly,

prorided that the limiting values of t on the second side are those
whicb, in the equation of ij)a;=T«-", belong to the limiting values of x
taken on the first side. The best approximating cases are as follows :

First, when a and 6 are the limiting values of x, in which case —

«

and + 00 are those of I, and the result is

Secondly, Fourier's theorem, as it is usually called, by which a dis-

continuous function can be expressed. Tiiis theorem is as follows :

—

^x~~ ffcos 10 (x—v) .<f»i . dwdv,

from »=— 05 to .r= +oo, and from t«= to 10= oo . Or thus, the

equation

1 /»» /»+ «!

(px= — I I cos to (a; — *) . ^ .

« -*" dwdv

is one which, for all values of x, approaches without limit to truth, as

jt is diminished without limit positively. But if, instead of the limits

—00 and + 00 , for i', we write a and 6, a being less than b, then

1 /** /**
_ / /cos v{x — v) . ipvduidv
itj 0./ "

is a discontinuous function, as follows :—From x— —00 to x=a exclu-

sive, it is nothing ; when x = a, it is 40o ; from a; = o to a; = 6 both

exclusive, it is ^; when x=b, it is \<^b ; and from x=b to x=oo it is

nothing.

Thirdly, the following methods of expanding a function in series of

sines and cosines has been extensively used by Lagrange, Poisson, and
Fourier. We give it in the most general form after the manner of

Poisson. Let

<px = At) -I- Ai cos -7 + A, cos
2Ta;

I

then, for every value of x from a: = to x = l, both inclusive, this

equation is true if

1 /• 2 /• mirv
Ao= ij <pr-dv [0,7], A, = JJ cos -J-

</«'di[0, ?].

Again, the equation

wx 2vx^ = B, sin -7- + B, sin -7— + . . . .

is true from a'=0 to .1;=/, both exclusive, if

2 /* mirv
B, = J y "n "7" <t>rdv[0, 1].

Further, the equation

^ = Ao -(- A, cos .— + A,C
2ira;

TX 2ira
+ B, sin -7 -^ B, sin -7— + . ., .

is true for all values of x from x= to x= i, both exclusive (becoming
iipl whenx={), if

Ao =
2iy 't>*dr[0, /], A» = JJ eon

-J-
((«-(fr[0, 1]

= 7/"
wire

Bin —7— ^rar[0, (].

/^dx[a,J] =Tv(- -). V"

Secondly, when the limiting values of x are x + {, { being small. In
this case

/,^d»[i+ {] =Tv(- j) 2/^"<7([o,w(- ^')]

This method is found, by itself, almost sufficient to meet the wants
of the more comphoated problems in the theory of probabilities.

ARTS ASD sot. mv. vor,. rr.

But write 2i instead of I, in the limits only, or write [0, 2/] instead of

[0, /], and the equation becomes true for all values of x from to 2!,

both inclusive.

Fourthly, we shall give two cases of the method deduced by Cauchy,
OH specimens : the complete method itself has some dilliculties which
are not yet overcome.

First, let <l>x be such a function of a: that ^(x + yV—1) vanishes

when X — — 00 or -|- 00 , whatever y may be, and when y equals co

,

whatever x may be. For every root of the form a + b\/—l (a being
either positive or negative, and 6 being positive, but both finite) which
makes ^ infinite, let (.c— a-iV-l)if'-<; be finite; calculate the value
of this last product for each root. For every real root a, of fa-= 00

(.c=0 not being one) calculate half the value of {x -a) <t).r. Let the
sum of all these values and half values be F. Then

/<^a:rf.r[ — 00, +oo] = 2»-V— 1 • P.

Secondly, let f.r be such a function that <p(x + y\/—l) vanishes
when a;= +00 or —00 independently of y, and when y= +00 or — 00

independently of x. Take the imaginary roots only which make <t>x

infinite, and let {x—a—h'^— l)it>x be always finite when a + b>/ — l is

one of those roots, and x — a + by/— l. Let the sum of all the values

of the last product, for the cases in which b is positive, be P ; and for

the cases in which b is negative let it be q. Then

/<t>xdx[—oo , -)-oo]=irv'— 1 . (p — <j).

The subject of definite integrals is one in which the difficulties

which have always appe.-ire<l at the boundaries of mathematical know-
ledge are consumtly met with. The consequence is, considerable

ditference of ojnnion about many points. On these, the student who
desires to use the higher parts of analysis must hope to form his

opinion independently, when his reading and reflection are sulficient

for the purpose. Most of these difficulties belong, in principle, to that

3 N
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wUoh MeompaiuM Um uao of dirergent nriM, which in tha mort 1

imuortani in«th«inttif«' quMtion now under diaeiuuon. If w* wai«

to judge of the future bv the put, we thouM prophesy that divergent

Mrin would ooa day tM* thtir undiaput«d plao* tmonf; well under-

lood objects of uuUyu*, u negktire quantities and their logarithms,

imaginai; quantities and their exponentials, infinitely small ijuantiticw

wUa their different orders, diaoontinnoua solutions of differential

equations, &c., have snooeanTely dona, each under a fire of objections

whioh tuia well served the progreas of science, by the defensive

laawirhf which 'it has raodarad oeeeasanr. It is fortunata for ana-

lysis that ao many of thoaa who find difficulties propose the entire

rejection of the symbols or methods in which the dimculties exist

:

the proposition exoitea those who ore uainst any rejection to efforts

which they perhaps would not make, if they had only to meet the

doubts of allies, instead of the attacks of opponents. That the sym-

bolic expreauons of which wo are speaking will never vanish out of

remembrance, we may confidently predict : of all the points of diffi-

culty of which we have spoken, it may be «ud, in the words of

Horace

—

'< Nstnram espellss far««, tamen DMiae reeorret ;
'

ther win come, and will demand explanation until they get it They
will conquer by numbers, as Fontanelle sjud the symbol of infinity had

done. And it is to be hoped and expected that no difficulty will bo

completely resolved, without the appearance of a successor, to excite

new efibrts, and be the stiniuUting cause of further progress. We
should be sorry to think wa bad arrived at the " last impossibilities *

of pure mathematics." A very valuable accession to the literature of

definite integrals has been recently made by Mr. Bierens de Haan, who
has filled the fourth volume of the ' Transactions of the Royal Academy
of Sciences of Amsterdam ' with a list of definite integrals, with their

values, aqd references to the authors who have given them. The Ust

occupies 550 quarto pages.

INTEGRATION, FINITE. By this term is meant the summation
of any number of terms of a series which follows a regular law ; and

just as iNTEORATto.N was reduced in a preceding article to the deter-

mination of a function from its diD'ereatial coefKcient, so finite inte-

gration or summation may be reduced to the determination of a function

from ito difference. [DirFEHENCE.]

First, let there be a function of x, ^, and let x successively become
X 4- Ax, X -t- 2&X uptox-t-(n-l )Ax, so that n different vflues

are given to z. It is required to sum the series

^ + ^(x+ Ax)-¥^x + 2iix) + .,. + (p(x+n—lAx)

Let x= VAX, and let ^(vAx) be called i^. Then the series becomes

»^(»-^J)^(r+2)+• ++(»+»_!)

This sum is a funotion of «, and such, that if h be changed into

n-t-l, one more term ^{v + «) will be added : consequently it must ba

the function which has ij'(v + n) for its difference. If, then, we denote

the preceding sum by Xili{v + n}, we find

A{a+(r-m)}=«(.(«-f»)

or A snd 2 express operations which are inverse to one another.

Bemark that the symbol ia does not denote tha sum of a number of

terms up to a inoluaive, but up to a exclusive : thus

l-^2^3-^ +(«-!) is s»
l+2-e8-h -^(»-l)-^»isS(l^-^l)

AU that precedes has no reference to the term with which we begin

:

thus 4+5+ +n and 1+2 + 8 + 4 + 6 + +7iaro oq>i.iIly denoted
by 2(a + 1). This symbol is therefore indefinite, but it will be found
that the proceas by which it is to be determined gives an indefinite

result.

Suppose, for instance, we have ascertained that 4(n' + n) is the
function whose difference is (n + 1), which will be found to be the
otaa; or

4{(n + l)« + (a + l)}-j{»» +»}=« + l.

It is equally true that i (n^ + n) + c has n + 1 for its difference, where
may be anything whatever, provided that it do not change when it

Hanoa
a(i» + l) = i(»»+<.) + o;

but a being any whole number less than », 9 (n 1 1) may stand for a +
(a* 1) + + ". Consequently c in tha one must be taken in »
ammar oomsponding to a in the other. If n were equal to a, the
•sriaa would be reduosd to one term a, and 4 <"*-»'*•) + c would become
1 (a< + a) + 0. Dctermina o so that these shall be equal : we have
than to make

«= 4 (o' + a + c, 0*= —4 (a'-o)
• + (» + !) + .... + fi = 4(»! + «)_4(o'-o).

• T*M« sr» the wokU of Mr. A. V. Vo«fl, of Lrlpalc, who publlMicd In thU
sooatr; trset oa the resolution of sU kinds of cqustions, printed *t L^lptic in
hkowa lafltah.

Tha iavaraa method of diflhranaaa, <y that of finite intagratioo, ia

founded upon the preceding principles and notation : but so far as the

mere summation of simple sariea is oonoemed, the following rules will

be sufficient :

—

1. Let a be the first term of a series of n terms, a, b, e, kc. Form
the successive differences of a [DirrEltiNCK], wliich will all vanish

.ifter a certain point in every instance to i^hich this rule applies.

Then the sum of the » terms is

'o+ .

+ H»

2 uv Tw 2 8

Example : 1 + 8 + 27 + 64 + 125 +
First diff. 7 19 87 61
Second diff. 12 18 24
Third diff. 6 6
Fourth diff. ....

Here a = 1, A a = 7, A' a = 12, A»o s 6, A* « => 0,

A* » = 0, *c.

and the sum required is

It may be convenient to give the reduction of tiie preceding formula

in the oases where all after the second differences vanish, and the same
for the third. Let a', a", a'", &c., be the diSerencss of a ; when a"'=«

0, a'" = 0, &c., the sum is one-sixth of

o" n' + (o' -o'} 3 n- + (6 o - 3 o' + 8 •")n.

When o"=0, a'=iO, 4c., the sum is one twenty-fourth of

a"' n< + Pn' + g »' + Bn
where p = 4o"-6o"'

o = 12a'-12o" + Ub'"
R = 24 a - 12 a' + 8 a" - 6 a'"

2. Let there be a number of terms in uniformly increasing progres-

sion, such as 4, 44, 5. 54, &c. ; and let a series be formed by multiplying

a number of terms from the beginning, then the ^me number from
the second, and so on, as in

3.4.5 + 4.5.6 + 6.6.7 + .

.

+ 12.13.14

To find the sum of this scries, put an additional factor at the end of

the last term and at the beginning of the first term ; subtract the

Utter from the^ormer, and divide by the common difference of the

successive factors taken one more time than there are factors in each

term. Thus the sum of the preoediug is 12.13.14.15— 2.3.4,5 divided

by 1 taken 4 times. Again

1.2 -I- 2.3 + 3.4 + 4.6 + 6.6

is 6.6.7— 0.1.2 divided by 1 taken 8 times; or 70; as may easily ba

verified. Also
1.3 + 3.5 + 5.7 + 7.9

is 7.9.11 — ( — 1) 1.3 divided by 2 taken 3 times; or 116.

3. Let the series consist of reciprocals of terms like the preceding

:

as

3.4.6
*

4.5.6 12.13.14

To sum tliis series, strike off a factor from the end of the first term
and the beginning of the last term ; subtract the second from tha first,

and divide by the common difference of the successive factors taken

one time less than there are factors in each denominator. Thus tha

sum of the preceding terms is

•g-T — T3T4 '^'''''**^ ''y ^ **ken twice

Similarly fg + gs
"*"

ff '* T~7 ^'"<^®<1 ^7 2 taken once

;

or =, as may cosily be verified.

INTELLECT {inldltcliu), that which perceives and understands,
comprehending all the cognitive powers of the mind, in contradistinc-

tion to the active powers or the will. " The internal and immanent
acts of the reasonable soul (besides those of common sense, phantasy,

memory, passion and appetite, oommon to man and inferior animals)

are intellect and will, and the proper acts of these are intellection,

deliberation, and determination, or decision." (Hale's ' Origin of Man-
kind.') In the Aristotvliau |>hilos(>phy the intellect (rai/i) first works
on the phantasms, and disocnis by a spontaneous energy what in many
is one, what in things disHimilHr is similar and the same {rh 8) tf noio'vy

rovro i vovs IxaaTor). By this means it attains to a new kind of per-

ceptions ((fSq), more comprehensive than those of sense ; and each of

these general ideas subsists entire in each individual of an infinite
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multitude without losing its own unity and permanence. On the other

hand it is the source of those primary principles on which all science

rests, as conversant about universal and demonstrable truth.

For intellect Mr. Stewart jirefers the vernacular term imderstanding,

which he employs in the same extensive signification. But the critiial

philosophy of Kant distinguishes the intellect into two faculties, under-
standing and reason. The understanding acting on experience merely
compares, judges, and measures its representations, and is conversant

solely with their mutual limits and relations, classifying them accord-

ing to certain schemes of its own which are called categories. While
however the understanding is thus limited, the activity of the reason

is unbounded, and, as the principle of principles, it is the base and the
verification of every special principle and reasoning.

InteUectualism, or intellectual philosophy, as opposed to sensualism,

is a particular theory In philosophy, according to which the intellect

or thought is the only source of true knowledge, whereas the evidence
of sense is but a cheat and delusion. The Eleatic were the most dis-

tinguished adherents of this doctrine. The phrase intellectual know-
ledge denotes whatever principle or proposition had its origin in the
understanding or reason, as opposed to sensuous or empirical know-
ledge, whose source Is sensation. As contradistinguished from sen-

sible, the objects of this cognition are denominated Intelligibles

{aiffffrjTff, fOijTcE),

INTERCALARY. [Kalendab.I
INTERDICT {hlefdlctam in the Rotnan kw). TII6 general dis-

iinction between the Roman iDti^rdlctum and Actio setms clearly

pointed out by Savigny in a few remarks oh the passage in Oaius
(iv. 139), where that writer treats of the interdict. The wotds of

Gains, which form the groundwork of the following remarks of SaWgny,
are ;

" Certis ex caussis Pnctor aut Proconsul principnliter auctoritatem

Buam finiendis controversiis proponit " (or prifpantt, as Haubold reads,

after Mafiei) ; and his remarks have reference to the supposed difficulty

of the word principality, and to a certain proposed emendation
supported by very indifferent reasons.

The general distinction between the actio and the interdictum is

this : in the actio the prector does liotliing, but only allows a juilcj:,

whose duty it is to inquire and decide. WKen the judex has decided,

the matter may in general be considered as at an end, and if the

prsetor is again called on to act in the cause, such must be viewed as

an accidental thing. This appears from the terms of the pnctor's

order in matters which belong to the actio ; he does not command or

forbid a thing to be done, but he says "judicium dabo." With the

interdictum it is just the reverse. Here also jtitficfs or recuperaforts

may be required when the facts are in dispute ; but as a general rule

in matters to which the interdict applies, the case is such that the

prMtor'a order can immediately terminate the question. The pnetor
accordingly does not say " judicium dabo," but be uses the onlering

words " rratttuas, ezhibeas, vim fieri veto," Ac ; and this could not be

better expressed, as Savigny remarks, than by the words " principaliter,"

ftc. ; the meaning of which, as Haubuld observes, can hardly be any-

thing else than this :
" the pnetor or the proconsul at once gives a

definitive judgment, by which the dispute, at least for the present, is

terminated."

According to Oalus, the general description of the intefdictum is

this—It ordered something to be done, or forbade something being

done. The forms of the orders used on such occ-isions were called by
the general name of interdicta. When the order was to produce
something (exhibere), or restore a thing (restituere), the interdicts

were called Decreta. The term Interdictum was usetl when the order

forbade a certain thing being done—as disturbing a man who was in

poaieasioa, tine rilio ; preventing any trespass on sacred ground, Ac.

The general process seems to have been by a kind of bill or petition

addressed to the prictor, in which the plaintiflT stated his grievance and
prayed for redress, that is, for the interdictum. The defendant also

stated his case, probably by way of reply to that of the plaintiff. If

the case was clear on the part of the plaintiff, he obtained the interdict.

Or if the defendant admitted the plaintiff's statement of his cose, or

if after the interdict was obtained he submitted to its terms, the

matter was at an end. If the defendant denied the plaintiff's c-ue,

that is, denied that there was any ground for the interdict, or main-
tained that he had given the plaintiff full satisfaction, and had
complied with the terms of the interdict, the plaintiff made his

application to the prtetor to refer the matter to jitdica or recuperalons,

or to an arbiter. The parties complainant and defendant went before

the judex or arlnter whom the pnctor named, and the process then
became the usual process of the actio. The partice produced their

witnesses and proofs, and the judex or arbiter decided ujxjn them.
The terms of the interdict, in case it was prohibitory, were the formal
words of the edict which determined in what cases such reUef coidd
be given (certis ex causais), only so far varied as to apply to the p,-irtieri

who were in dispute. In the reatitutory and cxhibitory interdict, the
terms of the order would necessarily vary according to circumstances.
If the matter came before a judex, the only question as to the pro-

hibitory interdict which he hjid to settle was, whether the defendant
had, by his acts, brought himself within the praetor's interdict. If he
had, the interdict must be enforced against him ; if not, it must be
dissolved. In the cMe of the restitutory and exhibitory interdict

coming before the jinUx or arinter, the matters for inquiry would be

—

whether the defendant had, by his acts, given good ground for the
interdict ; whether he had satisiied the terms of the interdict ; what
damages the defendant should pay to the plaintiff, in case he had not
satisfied the terms of the interdict, or had only satisfied them imper-

fectly. If no gponsio (deposit of money by the parties abiding by the
result of the inquiry) had been entered into, and consequently the
matter had come before an arbiter, all these three points had to be
determined, and the damages were at the discretion of the arbiter ; in

case there was a sponsio (which in the prohibitory interdict was
necessary, but in the other interdicts not absolutely necessary), the
judices ot recuperatores had to determine only the first two points.

(Cicero, ' Pro Csceina,' 8.) In fact, when the matter came before a

judex or arbiter the interdict process did not difier from that of the

ordinary actio, as appears from Cicero's oration ' Pro Ca;cina,' in which
the plaintiff C'iEcina bad obtained the pi-a;tor's interdict ' Unde Tu,' &c.,

against the defendant jEbutius, and the matter had been referred

to recuperatores. The defence of .^Ebutius before the recuperatores

was, that he had obeyed the interdict and had restored the plaintiff

to the same place from which he had ejected him. The defendant

had not in fact done this ; but it appears to have been sometimes the

formal way of raising the question, whether the act complained of

had been committed. If it was not committed, the defendant had in

substance obeyed the interdict, that is, had not acted contrary to it.

Mr. Spence, in his work on the ' Equitalile Jurisdiction of the Court of

Chancery,' has given a short account of this branch of the Roman law
of procedure ; and in that part of his book where the history of the rise

and progress of the English chancellor's jurisdiction by injunction

is discussed (vol. i., ch. xxii.), he maintains that the Roman juris-

prudence afforded a model from which a system miglit be constriicted

that should supply the desired means for protecting property against

actual or prospective dangers. But as he shows, the application of the

principle thus introduced was extended much beyond the limits of the

Roman process, and the clerical chancellors and their lay successors

gradnally made great improvements in the method of carrying out the

system they had thus introduced.

The authorities for what is above stated are : Haubold, Ueber die

SteUi von den Interdicten in den Veronmisrhen tiandscliriften ; and
Savigily, C, liachtrdgtiche Bemerkunr/en, in the Zeitichnfl fill- geiihickt-

liche RechUaimauekaft, Ser band. For the application of the interdict

to the case of possession, Savigny, Da», IkclU des Jleeitzts, translated

into English by Sir Erskine Perry (book iv.), should be consulted,

and his remarks on the case of Ca;cina. And in Niebuhr's History of
Home, EngUsh tran-lation, edit. 1851, vol. ii., p 180, the reader will

find a very able sketch of this intricate and obscure part of Roman
legal biatory. The valuaWe work of Brissonius, Ue l-'ormidii, lib. v.,

c. Ifi4, contains a collection of passages which refer to the functions of

the judex in the interdict process ; and for the actual text of the

Roman law on this subject the reader is referred to the Commentaries

of (taint, iv., §138; Justinian's Inititutet, book iv., title 15, §170;
and Uii/i-st, book xliii. [I.njunction.]

IXTEUDICT, in the law of Scotland, is a proceeding in the nature

of an injunction from a court of equity in England. It is a prohibitory

order, forbidding some act from being done, and it is obtained on the

application of the party who would be injured by the performance of

the act. It may be issued by the Court of Session, or by the Sherifl"s

Court. Interdicts also occupy in the law of Scotland a place analogous

to the writ of proliibition in England. They are frequently obtamed
for preventing inferior courts, or courts of limited operation, from
exceeding their jurisdiction. To this end the form has been frequently

adopted in the disputes between different parties in the Church of

Scotknd. In pressing matters, interim interdict is awarded before the

parties are heard, but in the general case intimation is given to the

other party, who gives in answers, and the matter proceeds as an
ordinary litigation.

INTERDICT, ECCLESIASTICAL, a mode of censure employed
at times by the Roman Catholic church, by which, in consequence of

some offence alleged to have been committed by the people or rulers

of a town or country, the pope forbade by a bull the performance of

any kind of church rites within the same; the church-service was
suspended, the sacraments were not administered, and the funeral

service was not read. The use of interdicts appears to have originated

With the bishops of the 9th century. Hincmar, bishop of Laon in

France, laid a parish of his diocese under an interdict in the year 870.

(Moreri's ' Dictionary,' art. ' Interdict.') In the middle ages this mea-
sure was often resorted to by the popes in consequence of some serious

dispute with the sovereigns of particular countries, and it had the

effect of throwing whole kingdoms into consternation, and even into a

stite of rebellion, by which the refractory sovereigns were obliged to

sue for pardon from the pontiff. Gregory Vlt. and Innocent III.

made free use of the interdict. Adrian IV. laid Rome itself under an
interdict for the purpose of driving away Arnaldo <Ia Brescia and his

followers. Some popes mitigated the rigour of the interdict out of

regard to the spiritual wants of the people, who could not be justly

punished for the guilt of their rulers. Ore,'ory IX,, during the inter-

dict against Frederic II., allowed m^s to be said on Sundays. On
some occasions the sacrament to the dying and baptism to Infants

were allowed to be administered. (See Lyndwood.)

The frequent abuse of the interdict has been censured even by Roman
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CathoUe writen, la oouiw o£ time th« m«Mura wm fotmd no longor

to mirar it* objwt, uxl it beeamo o{ rare ooourrenoe. Fitul V., in

April, I6M, laid Uie republic of Vanico undsr an interdict, beoauae the

aaoate had decreed that no mora oonreota ahould be founded, and

no more property ahould be bequeathed to moDaatio orders without

penoiaaion from the government. The aenate forbade the bull of

mterdiiot to be puUiahed in the territoriea of the republic, aud ordered

the parochial clergy to continue the exercise of their aacred miuiatry as

uauaL The Jeauita, Franciaoana, and other monka pleaded their duty

of obedience to the aee of Some, and the aenate told tbem that they

might depart, which they did. At Lut, in 1607, through the media-

tion of HeniT IV. of Finnoe, the pope removed the interdict, which

had produced little or no effect on the minda of the Venetian people.

INTEREST, money which is paid for the use of other money, the

lender atipulating for a fixed sum to be paid yearly, half-yearly, or

quarterly, for each 100/. lent, until the money is returned. When this

ia not toe caae, and when the money paid for the loan depends upon
the suooeas of an undertaking, or any casualty not connected with the

duraticm of life, it is call^ a dividend; when the money and ita

intercat are to be returned by yearly instalmenta, and paid off in a

certain fixed number of years, it is called an ammiti/ eert .in; but when
the payment ia tu depend upon the life of any person or persons, it is

called a life annuiti/. [Anncitt.] But by whatever name the pro-

ceedii of money may be called, the rules of calculation are the same in

every caae but that of a life contingency.

A aimple rule for converting shillings, pence, and farthings into the

decimal of a pound, alluded to in the article Annuities, might be
made of suth frequent use in calculations connected with interest, that

wa begin with it. The rule is founded upon the circumstance of one
farthing being very little more than the thousandth part of a pound.
To convert any number of shillings, pence, and farthings to the

decimal of K., aa far as three places.

Rule.—Allow 100 for every two shillings, and 50 for the odd
shilling, if there be one, and a unit for every farthing in the pence and
&rthing8, adding 1 if the pence and farthings be sixpence or upwards.
Then make three decimal places of the result Thus, 1<. 7|(i. give 50
and 81 and I, or 82, which, converted into a decimal of three pUtes, is

•082, or U. 7 j(f. is -082/. : the truth lies between -0822 and -0823.

Again, 17«. 4i<f. give 800 and 50 and 18, or '868, so that 17t. 44c/. is

'868f. rery nearly.

To convert any decimal of a pound of three places into shillings,

pence, and farthings.

RCLB.—Take away the decimal point, and make a whole number of

the three places : for every 100 of this whole number allow two
shillinga, and another shilling to the remaining 50, if so much remain.
Let every unit of the remainder be one farthing, but strike off one if

the remainmg number exceed 24. Thus, •»73/. gives 18». and U. and
23 farthings, or 19<. 5]cf. ; but -147/. gives 2«. and 46 farthings, or
2>. 114^. The following are examples of both rules :

—

6i<f. is 028/.

U.2d. is 158/.

4s. 9\d. U -238/.

16«. OK is -802/,

]7». llrf. U -895/.

19(. lO^d. is -993/.

This rule may be completed, so as to give any number of places, as

follows :— For the fourth and fifth places of decimals, allow 4 for every
farthing above the last sixpence, with a unit additional fur every six

farthings. Thus, for 2». SJrf., the first three places being '122, the
fourth and fifth places are found by 22 x 4 + 3, or 91. For the sixth and
•11 following places, take the number of farthings above the last three
halfpence for a numerator, 6 for a denominator, and form the figures

of the oorreapooding decimal fraction. In the above instance we have

I,
or -SaM whence 2< 6^d. ia -122916666/
Intereat is usually reckoned by the stmi paid yearly for each 100/.

;

thoa, 4 per mtHm, abbreviated into 4 per cent., means that 4/ is paid
yearly for 100/., or that ^th of the whole sum is paid yearly for its

uae. In aome eaaes, aa in the dividend of a bankrupt's estate, a part is

compared with the whole by stating how much of each pound ia paid.

The preoeding rule gives the means of reducing one to the other instan-
tMaoaaly : thus,Bince 4<. Old. is -238/., a bankrupt who pays the former
am per pound, or -238/. for 1/., pays 23-8/. for each 100/., or 23i per
cent. Similarly, 87* per cent, or 87-2/. for 100/., ia 372/. for I/., or
7i. fi4<f- in the pound.

Intereat ia called mmpU when it ia paid aa soon as due, or when,
if deferred, intereat ia not charged upon interest. But when the latter
charge is made, the interest ia called eompouHd. In aimple interejtt it

makes no ditference whether it bo payable yearly or at shorter terms

;

but this ia not the caae in compound interest. The sum lent is called
the priiei/jol ; and the princi|>stl. together with the interest, the
amoHHt ; also, the principal in evllcd the jireunt value of the amount.
A common question of simple interest requires merely the proceaa

of taking a givtn fractional jiart of a sum of money, and ni'c<i nut be
explained at length in a work of reference. One example, however,
will aerve to show the facilities which tlio preceding rule a..ords.
What ia the intereat upon 697/. 13*. 44<f., at 41 per cent., for 7!

yeant
To find this, we must take the hundredth part of th« sum 44 timaa

for one year'a intereat, which we moat then repeat 7| timet.

;C697 \U. 44<f. I ^£697-668

*i

2790672
848884

100)3139&06

31 39506 or 31-89506

871

219 76642
15-69753

7-84877

251-16048
7-84877

243-81171

24331172

Answer i:243-312 or £243 6«. 3<f.

When interest is to be taken for a number of days, a person who ia

often required to perform the operation will provide himself with a

set of tables, several of which are published. Those who do not often

meet with the operation must take such a fraction of a year's intereat

as the number of days in the question is of a year. The following

rule will facUitate the introduction of the arithmetical rule of

practice :

—

•

Rule.—Whenever tJie portion of an amount per annum is to be

taken corresponding to a number of days, calculate as if the year had
only 860 days, and from the result subtract its 72nd part, or one

farthing in 1«. 6(/., or 34tf. on each guinea. This hi\a short of the

truth by about Id. in 20/. Thus, suppose the yearly interest is

283/. 17«. 4rf., and that for 254 days is required

—

283-866

180 .. J ... 141933
60. . 4 . . . 47-311

12 . . 4 . . . 9-462

2 . . 4 . . . 1-677

8)200-283

9) 25-036

2-782

200-283

197-601

Answer, 197/. lOa. ;-or, addmg \d. for each 20/., about 197/. lOj.lOrf.,

which is within one halfpenny of the truth.

It is sometimes necessary to express the interest by the day, in which
the following rules will be convenient :

—

To turn a given amount per day into the corresponding amount per

year, to the number of pence per day add its half, and take as many
pounds as there are now pence. This is the amount in 860 days, and
five days' allowance added gives the result.

To find out how much a sum per auuum yields per day, subtract

one-third from the pounds, and take as many pence as there are in the

result. The answer is the preceding result diminished by one farthing

in l-r. 6<i., or ita 72nd part.

Thus, 3J(/. per day, or 3-75 j>ence, gives 3-76 •^ 1-875, or 5-625 per

360 days, which is 5/. 12<. 6d. To this add five times 8J(/., or Is. 6J(/.,

which gives 5/. 14s. Oj</. per annum.
Again, 26/. 14*. Id. per annum, or (nearly enough) 267/., gives

26-7—8-9 pence per day nearly; that is, 1«. fijd. Diminish this by
one farthing, and Is. 54</. is the answer within a farthing.

All persons who attempt for the first time to use decimal fractions

in money computations imagine that they gain nothing ; but a little

practice soon convinces them of the contrar}-.

We now proceed to the subject of coni|x>uud interest, which cannot

be satisfactorily treated without algebra. Let r be the interest of U.

for one year, or 100 r the rate per cent. As followa :

—

At 24 per cent. r=-0225
At 84 per cent. r= 085

At 4 per cent. r= -04

At 5J per cent. r=-051•05125.

It is not usual in treating of compound interest to separate that part

of the amount wliich is interest from the whole. Wo shall, therefore,

speak only of principal and amount, or, when the latter is the given

aum, of present value and deferred princi|>al. Hence, iH-r is the

amount of 1/. in one year, 2 -t- 2 r that of 2/. in one year, and, generally,

a sum which is a pounds at the beginning of any one year becomes
o(l -f r) pounds at the end.

Consequently, the amounts of 1/. at the end of one, two, three, kc.,

yean, are 1 + r, (1 r)', (1 -t- r)», &c., tjounds ; and 1/. at the end of n
yoara becomes (1 -f r)" pounds. If, then, £a becomes £a iu n years, at
r per pound, we havo

A = o (1 -( r)' a

:

= -n/I-

(1 + r)-

log A — log a

log (1 + r)
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from one of which forms of the equation, either of the four, A, a, r, or

n, can be found, when the other three are known.

From the second form it appears that the fraction of 11., which will

in a year amount to a poimd, ia 1 divided by 1 + r. Let this be called

V : we have then

1_ _ l-v
'^ "^

\ + r
* ~ V

Hence it is easily seen, that according as a pound is to be the amount
at the end of one, two. three, 4c., years, the principal now necessary

to produce that amount is v, »', v', &c., or V expresses " the present

value of 11. to be received at the end of n years." Here are no less

than Jifieen words necessary to express a fundamental result; and
when we speak of (1 + r)" it must be as "the amount of 11. inn
years." To shorten these phrases, the former might be advantageously

called the nth present value, and the latter the nth amount.
The sum which yields 1/. every year is called the value of a per-

petuity of one pound, or simply the perpetuiti/ of 1/. If it be i', we
have 111; p

pr = 1, 1-

1 + p'

INTEREST. 922

a year before any payment is made : thus an immediate grant of an
ammity payable yearly implies that the first payment is made a

year hence ; and similarly of a perpetuity. But in cases where we have
to speak of an annuity or perpetuity, of which one payment is to be
made now, we propose to call them an annuity due, and a perpetuity

due. Again, an annuity or jwrpetuity deferred for, say 10 years,

makes its first payment iu 11 years : but a perpetuity due in 10 years,

makes the first payment at the end of 10 years. An annuity of 20
years makes 20 payments ; an annuity due of 20 years makes 21 pay-

ments. Let all annuities mentioned be of 1/., unless otherwise

specified.

The present value of an annuity for n yeai-s is evidently

v + v^ + v^ + +V + V^

The reader will find an arithmetical account of Annuities under
that word ; we now proceed to the algebraical formulae connected with

them. An annuity, and also a perpetuity, ia always said to be created

for V in one year becomes 11., and provides for the first payment; v-

for the second, and so on. The preceding is equivalent to

v_„»+i 1 — D« (1 + r)' —

1

i-„ "'• ~V~ "' V(l-n-)«

Similarly the present value of an annuity due for n years iall. more
an the preceding, orthan the preceding, or

l-V l +r—V
1 — v

(l + r).-n_l

r^l T r)"

Table I.

TuK Pbesext Vai.ce or £1, dci at tdb ens of ant imiBEB or Teabs.

Tr«. |!|perCt.

I

1

3

4
S

6

7

>

9

10

U
13

IS

U
IS

18

17

18

18
30
31

33

33

34

3i
38
37

3S
39
30

31
33
S3
34
39

SS
37

38

39
40

41

43
43
44

4)
• 48

47

4D

49

60

ii

CO
63

70
78
80

ii

90
93
100

S per Ct. Sj pfr Ct. 4 per Ct. Ij per Ct. 3 per Ct.
|
6 per Ct,

•97381

93181
92860
90S93
88J83
86330
84137
82075
•80073

7SI20
76314
74336
72942
70773
69017
87363
69720
84117
82933
'61027

99939
98086
98870
95i88
93939
33623
91340
90088
48866
•47674
48911
•49377

4«270
-43101

42137
41109
40107
39128
38174
37213
36339
39448
•345«t
33740
•32917

•32115
31331
30507
29S22
29094

25715
22728
30089
17799
'19093

13870
•13299
•10838

•09977
08463

'97087

'94260

91914
'88849

'86261

'8374S
'81309

78941
76642
74409
73243
70138
68099
68112
64186
63317
60902
98739
97029
55308
93755
52189
50669
'49193

47761
46369
45019
43708
42435
'41199

399M9
38831
87703
36604
35538
34503
33498
32323
'31575

•30656
29763
28896
28054
27237
'26444

25(174

34938
24200
23495
33811

•19677

189?3
14641
12630
10893
09398
08107
•06993

•06032

•0620S

.96618
93351
90194
87144
'84197

81390
•78999

79941
73373
70893
68495
8817S
•63940
81778
59689
57671
557 20

53836
91016
50257
48557
46915
45329
43796
'42315

40884
•33501

•38.65

36875
35028
34)23
33259
32134
'31048

'29!)9lt

28983
28003
27056
26141
25257
-24M3
23578
22781
22010
21266
•20547

19853
19181
18533
17905

15070
12693
10088
08999
07577
'06379
05371
.04533
.03808
.08306

96154
93456
'88900

854')0

82193
79031
'75992

'73069

•70259

'67596

84998
'62460

60057
57748
'55926

'53391

iU37
'49363
47464
45639
43883
42196
40573
39012
37513
36069
346S2
33348
32065
30832
29648
3S5U6
27409
26355
'25342

24367
23430
22529
21062
20829
20028
19257
•18517

17805
17120
16461
15828
19219
14634
14071

11966
•09506

07813
06422
09278
04338
039C6
03931
03400
01980

99694
91973
'(7630

83898
'80249

'76790

'73483

•70319

•67390

•64393

61620
58966
56437
'53997

51673
49447
47318
45280
43330
41i04
39679
•37970
•30.135

34770
33373
31840
30469
29157
'27902

26700
25550
24450
•23397

•22390
21425
20503
19620
19775
•17907

17193
16453
15714
15086
14117
•13796
13202
12634
12000
11569
11071

08884
•07 1-29

•05721

•01590

03684
03950
0J372
01903
01527
01236

'95338

•90703

•80384

•83270

'78353

•74632

71068
'67684

•64461

•61391

58468
556S4
53032
60507
48103
49811
43630
41953
39573
37U89
35894
S4185
32557
31U07
29530
28124
26785
25509
•34295

23138
22036
20987
19987
19039
18129
17268
16444
15061
14915
14205
13528
12bS4
•12270

11685
11130
•1O80O
10093
09014
09156
08720

06833
05354
04195
03287
U2575
•02018

01581
01239
00971
00760

94340
890'0
83902
79209
74720
70496
66508
•82741

•59190

55839
52679
49697
46884
44230
41727
39365
37130
35034
33051
31180
•29416

27751
20180
24698
23300
•21931

20737
19503
•18456

17411
IB425
19196
14619
13791
13011
12274
11980
10924
10306
•09723

09172
08693
08163
07701
•07265

00854
00406
•06100

05755
05429

04057
0)031
02265
01693
01265
00945
00706
•00528

00304
•00293

Table 11.

The Pbbsbnt Value or £1 fek ahnvh fob ant xoibeb 6f Yeabs.

Trs. 2 J per Ct. SperCt. 'sJpcrCt. 4perCt. 4iperCt. 5 per Ct.
j

per Ct.

1 •97561 •97087 98018 -96154 95694 95238 94340
3 1^93742 1^91347 V89969 1 88609 1-87267 1^85941 1-81339

3 2^e5602 2^82801 280164 277509 2-74896 2-72325 2-67301

4 3^76197 3^71710 3'67308 3-02990 3-58753 3-54595 3-46511

i 4-64583 4^57971 4 51505 445182 4-38998 4-32918 4-21236

6 S^50813 9^41719 5^32855 5-24214 5-15T87; 507569 4 91732
7 6S4939 6-33038 6^11454 0-00205 5-89370 578637 5-58238

8 7^17014 7^01989 6-87396 6^73274 6-59589 6-46321 6-20979

9 7^97087 7^78eil 7-60769 7-43333 7-26879 7-10782 6-80169

1
10 8^75306 8^530-20 831661 8-11090 7-91272 7-72173 7-36009

1 11 951421 9^25262 9-00155 8-70048 8-5'2892 8-3084ll 7-88687 1

13 10^25776 995100 9^66333 9-38507 9-11858 886325 8-38384

1

i 13 1098318 10^63496j 1030274 998565 0-68285 939337 8-35268

I 14 11-69091 11-29607 10-92052 10 36312 10-22283 983864 9-29498

i
15 1238138 ll-9379i] ir51741 1111839 10-73955 10 37966 9-71225

1

>B 13^055a0 12^56110| 1309412 11 05230 ll-23402i 10'83777 10-10590

1
17 13^71320 13-16612! 1265132 12'16567 11^70719 ir27407 W47726

' 18 14-39336 13-75351 1318968 12 65930 12-15999 11-68959110-82760
19 14 97880 14 32380 13-70984 13'13394 12-59329 12-08532j 11-15812
30 15-58916 14-87747 14-21241. 1359033 13-00794! 12-46221 11'46992

21 16-18455 15 41502 14-69797 14 02916 1340472] 12'82ll5 11 76403
32 16-70511 15-93692, I5^16712 14-45112 13-78442 13-16300 12-04158

23 17-33211; 10-443011 15 02041 14-85684 14 14777 13'48857 12-30338
21 17-88499 16-92554: 10-05837 15-24696 14-49518 13 79864 12 350:i6

25 18-42438 W41315 16^48191 15-62208 11-82821 14°09394 12-78336
26 1895061 I7^8768l 16 89035 15-98277 15-U661 14-37319 13-00317

27 19-40401 183270 17-28530 16 32959 15-45130 14-64303 13-21053
38 19-90489 18-76411 17 66702 16 60306 15^742»7 14-89813 13-40016
29 2045355 19-18815 18-03577 1698371 16-02189 15-14107 13-59072
30 2U'93029 19-60044 18-39205 17-29203 16-28889 15'37245 13-78483

31 21 39541 20-00043 18^7362!t 17-58849 16-54439 I5^39281 13-92909

32 21-84918 20 38877 19^06887 17'87355 16-78889 1580268 14^03404

33 32-29188 20^76579 19^39021 1814765 17-02286 10-00255 14-23023
34 22-72379 2ri3184 19-7006» 18^41120 17-24076 16-19290 14 368.4
35 23-14516 21^48722 20-00II6I. 18-66161 17-46101 16 37419 14 49S25
36 23-55025 21^83225 20^29n49 18-90828 17-66604 16-54685 14-62099

37 23-95732 22-1672, 20-57053 19-14258 17-86224 10 71129 14-73678

38 24-34860 22 49240 20-84109 19-36780 18-04999 10-86789 14-84602
39 24-73034 22-80822 21-10250 10-58448 18-22966 17-01704 14 94907
40 29-10278 2311477 21-35507 19-79277 18-40158 17-15909 15-04630
41 25-46012 23^41210 21-30910 19-99305 18'50611 17-29437 15-13802
43 2582061 23^70136 21-8348I1 20-18583 18'72355i 17'4'321 15-22454

43 26-I6649 23-98190 22^06269 20'37079 18'87J21 17-54591 15-30617

44 26^60383 21-25127 22^28279 20-54884 19 01838 17^66277 15^38318

45 26-83302 24-51871 22-49545 20-72004 19^15636 17-77407 15-43583

46 27^15»17 34-77545 22-70092 20-88465 19-28837 17-88007 13-52437

47 27^46748 25-02471 22-89944 2104294 19 41471 17-98102 15-58903

48 27^77315 25-26671 23-09124 21'19513 19-53561 18-07716 15-63003

49 38^07137 25 5016li 23-27656 21'34147 19-65130 18-16872 15-70757

50 38^36231 2573976 23-45562 21-48218 19-76201 18-29598 15-78180

59 29^71898 26--7443 24-26405 22-10801 20-24802 18-63447 13-99054

60 3090866 2r^67550 24-94473 22 62349 20 63802 18-92929! 16 16143 |

85 31 96158 J8-45289 2551785 2304608 20-9^098 19-16107 lfl'28912

70 32^89;8t. 29-i;342 20-00041) 23-39451 21-20211 19-34268 10-38454

79 33-72274 29-70183 20^40669 23 68011 21-40363 19 48497 16-45585

80 3445182 30-20076 267487H 23-91539 21-56531 19-59646 16-50913

85 3500621 30-63115 27-03680 24-10853 21-09511 19-08382, 16'54395

90 35-06577 31-00311 27-27932 24-26728 21-79924] 19-75228, 16-57870

99 33^16917 3^32266 37-48390 24-39776 31-83290] 10-80589J 1S'60083
100 36^61411 3^50891 37-85543 34-50500 31-94e85l 10-84791 16-61755
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Ab aanaitjr o( n y*»x% d«f«T«d tat k jam it now worth

,»+i + r»+«+ + r^*»

• -«•< »»~»«*^«
(
Ht)'-1

"•^ l-»' * ; * r<l + r)'+»

A perpetuity dtfen«d for Ir yews b Worth - (irr'pj btrt a perpe-

tuity due in k years in the Muiie u a perpetuity deferred for X: — 1

yean, and li—l must be written fur k in the preceding ; giving

t*->p.
If the proceedi of an annuity of » years be put out to interest as

&st as they beoome due, then at the instant after the last pa3rment is

made the first payment will hsTe improTed for n — 1 years, the second

for n— 2 years, Ac, and the last payment will have made nothing :

whence the whole amount of the annuity at the moment of expira-

tion is

(l+r)»-' + (l+r'r^ +

. (l-l-r)'-!
which is

. .. +(l+r) + l

1 — »•

The annuity of n years, which 12. will buy, makes at eacli payment
u.

( 1 — i« ) ; and so on : that is, the following are methods of re-

storing If. now lent :

—

1. By annuity for n years of

t. By annuity for n years, deferred k years, of ^ _ '; +"*

3. By perpoluity of r

r
4. By perpetuity deferred for k years • • of —

j

And 1/. due at the end of n years, inav be paid by an n years annuity
of p«* -j. (1 — r* ), or by an annuity due ofrtl*f-(l-^r— »*).

It is hardly neccaaary to say, that an annuity, &o., of £• Is to be
found by multiplying the annuity, ftc., of 1/. by >.

An annuity of n years, which givM 11. at the first payment, 2/. at

the second payment, Ac., and £h at the nth and last payment, is

worth
i>-mti'-t-«—(<i + !)»'•*•'

(1-vy

and when the numerator and denominator change places, we have
the fraction of 1/., which must be paid at the end of the first year, in

order to repay 11. now lent, by umformly increasing instalment* in »
years.

An annuity of n yean, which glvaa £n at the first payment, £{n — 1)

TiMvt in. Tabu IT.

T«» AiritvtTT WBien £1 wiu. roacain roa akt inraBBB or Titss, Tub Ahockt or £1 ix axt mnam or TbaIu.

Trs.

1

{liPttCt. IperCt. t|perct jlJwrCt 4JperCt. IpetCt. ! « per Ct. Trs. jlJlierCt 3perCt. ))pn'Ct.{4 perCt. 4|p*rCt. iperct. 6perCt.

1 i-oijoo 1 01000 foisoo 1 04000 1 04400 |1-09000 1-06000 1 1^02600 1-03000
1
1'03400 1^04000 1 04400 1^04000 l-riOOOO

1 SIMI SllOI •91040 48010 48400 •53780 44444 1 1-05063
:

1 06090 ' 107133 1 08160 1-09203 110240 112360
i SI0I4 litll isoos loois •161! 7 86711 47411 S 1-07689 1 09373

1
M0873 113486 M4117 l'14761 111102

4 •lull •icioi 1711S 17440 •17874 18101 •18849 4 1 10311 1 13441 1'14743 I'looao M9352 121441 1-26248

t •Hill •IISK 11141 •11401 •11779 11097 •13740 4 113141 1 14917 1^1«769 12I664 1 34018 1'27628 MI833
• •ItllS •11400 •U707 10078 •19188 19701 •20336 6 11 4961 1 19404 1^22916 r26433 M0126 134010 141842
t •1J7M •10011 •10194 •10801 •11970 17181 •17914 7 M886t 1 33987 117118 13 1491 1 •36086 1-40710 14036t
1 •iMir •14140 I4S4I •14841 •14161 14471 •16104 S Ml 840 1 26677 ineoi r36847 1^421I0 1-4:746 1^4tlB4

1 11140 11141 IS141 •11441 •11747 14069 •14702 9 1-24886 1-30477 1^!)6190 1-41331 148010 1.44113 1-61948

10 II41I •11711 11014 •mil •11018 11940 •18987 10 1-38008 1-S4393 1-4 1 060 148014 155297 r62889 1-71084

11 •leiii •lOIOI 11100 •11414 •11714 13039 •11679 U 1 31209 1-38423 1 45997 ^43944 1 Ollll 171034 18I830
U 01741 10040 10141 •10041 •10967 11163 •11928 11 1-34489 1-42470 1^51107 160I03 ^69488 1-76486 2-01120

11 •00 101 •00401 01700 10014 •10818 10646 •11196 13 1-37841 1-46843 1 56396 1'66407 I'77110 1 88464 2 13293

14 •01*14 •OMSl •00197 01407 •09781 •10101 •10798 14 1-41197 1-41149 rul869 1-73168 1-84194 P97993 2'36090

I( •01077 •01177 •OSOIl •08004 •09111 09034 10196 14 1-44830 1-44797 167533 1 80094 1-91428 2^07893 3^39e46

1( •07110 •07MI •01108 •08981 •08901 •09117 09894 10 1-48491 1-60471 1-73399 187298 203317 3^18287 144034
17 •07Ml •07SIS •07004 •C8110 •08441 -06670 09444 17 I42I61 1-65284 1-794C8 1^94790 311388 3-29202 1^60177

II •M0I7 •0J17I o;sai 07890 o»rn •08444 00286 18 144966 1-70243 1-85749 3-03482 2-20848 3^406e2 2-84434

1* •Otc7« •0001

1

•07114 07<il4 07941 •08274 •08961 19 140I64 r7535l I92290 2- 10884 2-30786 35]695 3-01460

10 0041I •00711 •07010 07398 07698 08014 0<7I8 10 f638ei 1BOO II 1-98979 2'1S1I2 2'41171 3^653SO 4-20714

tl 00170 00417 00804 •071 18 07460 07800 08500 21 167948 18e029 205943 3278;7 3-42024 3^78590 3-39946

«« •OSOIS 00171 OOiOJ 00910 07194 07497 08304 31 171147 r91610 2-13I4I 2-36991 2-63864 3-93426 3-60144

It •01770 •OOOSI •08401 00711 07068 •07414 08118 13 176461 1 97349 220611 1-46471 3743I7 307141 3-81974

14 •OSStl •osoos •00117 06990 06899 07247 07961 14 1-80871 203270 3-28333 2^46380 3^8780l 4-31410 4-04894

» •0S41I •OS74t •00007 00401 •08744 •07094 •07811 14 l-841t4 1-09378 3-S6314 1-68484 3^00444 3-38634 439187
11 •04177 •OS904 •OSOll •00197 •00801 00046 •07690 16 l-9oelt 114049 1-44496 2'77247 3 14008 344467 4-44938

V •OMSS 09490 •097SS 08114 •06471 -00819 •07570 17 l-t47IO 3-33I19 2-53197 2^88337 3^38301 3'71t46 48113S
11 •09000 •OSllO •osooo 00001 •06341 •06711 07449 18 M9II0 118793 i-C3017 2^0987O 343970 3^910I3 4^11I69
M •04X11 "Oltll •0SS4S •09888 •06141 •00006 07348 19 104041 144647 3-71188 3^1 1864 348404 411614 5.41830

t« •04771 OS 101 •09417 •04781 •06189 •06404 07204 10 1097IT 141716 3^80e79 3^24340 3^74433 4'3ai94 4-74349

11 04074 09000 •04117 -04080 •06044 06411 •07179 11 114001 140008 2^g040l 3^373I3 391386 443804 6-08810
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Table V.

ThK AhODST op £1 PEE AXXVK I» ANT NtlVBES OP YeAM.

Tears.

•

2| per Cent. 3 per Cent, 3i per Cent. 4 per Cent. 4i per Cent. 5 per Cent, 6 per Cent.

1 1-00000 1-00000 1-00000 100000 1-00000 1-00000 1-00000
2 2-02500 2-03000 203500 2-04000 2-04500 2-05000 2-06000
8 3-07363 3-09090 3-10633 3-12160 3-13703 3-15250 3-18360
4 4-19353 4-18363 4-21494 4-24646 4-27819 4-31013 4-37462
i S-25633 9-30914 9-36247 5-41632 6-47071 5-52563 6-63709
a 6-38774 6-46841 6-990U 6-63298 6-71689 6-80191 6-97532
7 7-94743 7-66246 7-77841 7-89829 8-01915 8-14201 8-39384
» 8-73612 8-69334 9-05169 9-21423 9-38001 9-54911 9-89747

9 9-95452 1015911 10-36890 10-58280 10-80211 11-02656 11-49132

P 11-20338 11-46388 11-73139 12-00611 12-28821 12-57789 13-18079
ll 12-48347 12-80780 13-14199 13-48639 13-84118 14-20679 14-97164
1! 13 79555 14-19203 14-60196 15-02581 19-46403 15-91713 16-86994

13 15-14044 15-61779 16-11303 16 62684 17-15991 17-71298 18-88314

U 16-51895 17-08632 17-67699 18-29191 18-93211 19-59863 21-01507

19 17-93193 18-59801 19-29568 20 02359 20-78409 21-57856 23-27597
1« 10-38033 2019688 20-97103 21-82453 22-71934 23-65749 29-67253

1? 30-86473 21-76139 23-70302 23 69751 24-74171 25-84037 28-212S8
It 33'36685 23-41444 24-49969 25-64541 26-85508 28-13238 30-90565

}» 33-94601 25-11687 26 35718 27 67123 29-06356 30-53900 33-75999

20 25-54466 26-87037 38-27903 29-77808 31-37142 33-06399 36 78559

n 27-13327 28-67649 30-26947 31-96920 33-78314 35-71925 39-99273
S2 2886286 30-53678 82-32890 34-24797 36-30338 38-90921 43-39229
ii 30-58443 32-45288 34-46041 36-61789 38-93703 41-43048 46-99583
it 32 34904 84-42647 36-66658 39-08260 41-68920 44-50200 50-81558
19 34 19776 36-49636 38-94986 41-64591 44-56521 47-72710 54-86451
36 36-01171 38-95304 41-31310 44-31174 47-57064 51-11345 59-15638
27 37-91200 40-70903 43-75906 47-08421 50-71132 54-66913 63-70577

3» 39-89980 43-93092 46-39063 49-96758 63-99333 58 402i8 68-52811

i9 41-89630 45-21889 48-91080 92-96629 57-42303 62-32271 73 63980
30 43-90370 47-57542 51-62208 96-08494 61-00707 66-43885 7905819
31 4600027 90-00268 94-42947 59-32834 64-75239 70-76079 84-80168

32 48-15028 52-50276 97-33450 62-70147 68-66625 75 29883 90-88978

3? 90-35403 59-07784 60-34121 66-20993 72-79633 80-06377 97-34316
34 S2-ei28» 57-73018 63-45315 69-89791 77-03026 85 06696 104-18375
35 54-92831 60-46208 66-67401 73-65222 81-49662 90-32031 111-43478
86 97-30141 63-27594 70-00760 77-59831 86-16397 99-83632 119-12087
37 99-73195 6617423 73-49787 81-70225 91-04134 )0I 62814 127-26812
38 83-33730 69-19649 77-02889 89-97034 98-13820 107-70999 135-90421
It 64-78288 73-23433 80-72491 90-40915 101-46442 110-49502 445-05846
40 67-40255 79-40126 84-39038 99-02592 107-03032 120-76977 154-76197

41 7008763 78-66330 88-50954 99-82694 112-84669 127-83970 165-04768

4i 73-83981 83-02320 92-60737 104-81960 118-92479 135-23175 175-05054

ii 79-66080 85-48389 96-84863 110-01338 125-27640 142-99384 187-50758

H 78-95233 89-04841 101-23833 119-41288 131-91384 151-14301 199-75803
45 81-S161S 92-71986 I09-7816T 121-02039 118-84997 159-70016 212-74351
4( 84-S9408 96-50148 110-48401 136-87097 146-09821 188 68516 226-50813
47 8766789 100-39650 119-39097 133-04938 }53'67363 178-11942 241-09861
4» 90-89998 J04-40840 120-38816 13926831 161-38790 188-02539 256-56453
49 9413107 108-94069 129-60189 149-83373 169-85936 198-42666 272-95840
to 67-46439 112-70687 130-99791 193-66708 178-50303 209-34800 290-33590

93 119-59092 136-07162 160-94689 19I-'99I7 227-91796 273-71262 394-17203
to 139-99159 163-05344 196-91688 137-99069 28949795 353-58372 933-12818
?9 159-11833 194-33276 238-76288 394-96838 866-29783 456-79801 710-08286
ro 185-28411 230-59406 288-93786 36429046 461-86968 988-52851 967 93217
79 214-88830 272-63086 348-53001 448-63137 581-04436 756-69372 1300-04868
80 248-88271 321-36802 419-30879 951-34498 72955770 971-22882 1746 99989
89 286-27897 377-85699 903-36739 676-06012 914-63-^34 1245-08707 2342-98174
90 339-19419 443-34890 603-20503 827-98333 1145-26901 1504-60730 3141-07519
09 877-66419 919-27303 721-78081 1012-78469 1432-6S426 2040-69353 4209-10425
100 432-94869 607-28773 862-61166 1237-62370 1700-85596 2010-02516 5638-36806

at the second payment, tc, and 1^ at the nth and last payment is

worth
nv +v+'—{n + l)v*

and, reversing numerator and denominator, we hare the fraction of 1/.,

which must be paid at the end of the first year, in oi-der to repay 1/.

now lent, by uniformly decreasing instalments in n years.
All the preceding formula! are easy to compute by aid of logarithms,

and the result of any one being given, and the rate of interest, it is

Sasy to determine (except in the two last formula;) the number of
ytars necessary. But if the number of years be given, and the result,
and it is the rate of interest which is unknown, an equation must be
solved, the degree of which is at least as high as the number of years.
When the interest is to be paid at the expiration of a fraction of a

year, it is the same thing as if a less rate of interest were paid for a
greater number of years. In the preceding investigations 1 + r may
be considered as the amount of 1/. at the end of a term, and n as the
number of terms. If then qairterly interest be paid during n years,
r per pound per annum gives |i- per pound per quarter, which con-
tinued for 4k qu.irters gives (1 + Jr)*" for the amount.
The tables appen'led to this article are intended to save the trouble

of calculation in ordinary cases. They extend from 2 4 to 6 per cent.
Higher rates are occasionally useful, but it is to be remembered that
when the rate of interest is high, and the number of years not small,
table* of yearly interest become sensibly incorrect when the money is

really improved half-yearly or quarterly. Thus the tables at 6 per

cent., with double the number of terms, will better represent the
actual progress of money at 10 per cent, than the common yearly

tables. The calculator who wishes to meet every ca«e with readiness,

must malce him.self independent of particular tables. This can be
done with the common seven-decimal tables of logarithms, up to five

places of decimals and 100 years : and if the logarithm of 1 + r be
given to ten places of decimals, up to seven places and 1000 years.

The following subsidiary table is therefore given, which contains the

log.arithms of 1 4- )-, for every quarter per cent, up to 6 per cent., and
to ten places of decimals. (See Interpolatioit for a simple method of

finding intermediate logarithms.)

\ + r Lost. (1-fr) l+r Log. (1-t-r)

1-0025 -00108 43813 1-0325 -01389 00603
1-0050 •00216 60618 10350 -01494 03498
1-0075 -00324 50548 10375 -01598 81054
1-0100 -00432 18738 1-0400 -01703 33.393

1-0125 •00539 50319 1-0426 -01807 60638
1-01511 •00646 60422 1-0450 •01911 62904
1-0175 •00753 44179 1-0476 •02015 40318
1-0200 -00860 01718 1-0500 -02118 92991
1-0225 •00966 33167 1-0625 •022-22 21046
1-0250 •01072 38654 1-05.50 •02325 24598
1-0276 •01178 18305 1'0676 •02428 03760
1-0300 •01283 72247 1-0600 •02580 68663
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By taUag tlie flnt nine m\iltipl« of any one of thcM logarithou, a

table of ««Ten places might be formed, which should be cnirect in

•Tciy 6gure. The following, for instance, ia the table for 1 per cent.

per qnarter, or 4 per cent per annum, payable qiuuterly :

—

1 0048214 10 •0482187 100 04.'<21874

2 •0086427 20 •0864275 200 8642748
3 -0129641 80 1296412 800 12964121
4 0172855 40 1728560 400 1-7285495

5 •0216069 50 •2160687 500 21606869
S 0259283 60 •2692824 600 2 5928248
7 0302496 70 •3024962 700 80249617
8 •0346710 80 •8457099 800 84570990
9 •0388924 90 •3889286 900 3-8892864

For <~»«T««« mppoae it required to find out in how many years

money will increase tenfold at 4 per cent payable quarterly : or to
olve the equation (1'01)<* = 10.

Log. 10 = 1-0000000
-8642748

•1857252
•1296412

•0060840
•0048214

•0017628

200

30

^iiMKr.—The amount of V. in 232 quarters, or 58 years, will be a

Uttla more than 10/.

We now describe the tables which follow :

—

TaUe L gives the present value of It. to be received at the end of

the several years marked. Thus, in the column of 4 per cent, oppo-

aite to IS years, we find -55526, which is the sum that will in fifteen

years, at 4 per cent, amount to 1/. The present value of 100/. simi-

larly circumstanced, is 55-526t or 55/. 10». 6\d.

Table II. gives the present value of an annuity of 1/. Thus opposite

to 20 years in the column of 5 per cent, is 12-46221, meaning that 1/.,

to be paid at the end of every year from this time for 20 years, is now
worth 12-46221/., if money will make 5 per cent.

Table III. shows the annuity which 1/. will buy for any number of

years. Thus in the column of 4 per cent, opposite to 7 years, we find

'16661. If then ino/., now lent, were to be repaid by instilments in

seven year*, the first instalment a year hence, so as to allow compound
interest at 4 per cent, then each instalment should be 16'661/.

Table IV. gives the amount of 1/. improved at compound interest

during a number of years. Thus opposite to 11 years in the column
of 3 per cent, is fotmd 1-38423, meaning that lU in 11 years, at 3 per

cent, amounU to 1-38423, and 100/. to 138-423/.

Table V. gives the amount of an annuity of 11., as it will be the

moment after the last payment has been made , if the preceding pay-

ments have been allowed to accumulate. Thus in the column of 8i
per cent , under 27 years, we find 43'75906, so that the proceeds of an
annuity of 100/. for 27 years, allowed to accumulate at 3j per cent.,

will at the last payment have realised 4875-906/. .

The following equations show easy means of verifying any one of

these tables by another. Let i, il, in, iv. v, represent the results of

the fire table* for some one number of years, and rat« of interest

Then
ilxlT = l i+rxn = l

nxni=l rv — i'xv=l

Inltral, as payable upon a debt not discharged on the day it

baeomei due, is unknown to the Common Law, ])ayment nf such
intarast being still rather the exception than the rule. Some debts it

ia true carry interest by the custom of merchants or traders, being

those oonstitute<l. by bills, and itnce the statute of Anne, by pro-

niaoiy notes. But unless there is an express agreement to such eOect

bstween the parties, debts do not carry interest at all. This uncom-
mercial rule of law led to the sUtute 8 ft 4 Will. IV., c. 42, which
enables a jury, if they think fit, upon all debts or sums certain, to

allow interest to the creditor, at a rate not exceeding the ciurent rate

of interest, from the time when such debts or sums were payable, if

payable by virtue of a written instrument at a certain tune ; or if

payable otherwise, then from the time of a demand o{ payment in

writing, so as such demand give notice that interest will be claimed

from the date of such demand. This statute also empowers juries to

give damages, in the nature of interest, in respect of the detention or
appfopriation of go<)ds. By 1 ft 2 Vict , c. 110, judgment-debts carry

intarsst at the rate of 4 per cent per annum from the time of entering

up the judgment Lendas are payable at the end nf one year after a
testator's death, and ham ths end of that year carry interest at the

ratb of 4 per cent per annum ; unless the testator baa made SfMssinl

Clsions in his n-ill as tu the time of payment and the rate of interest

fArlher, AXM-ITT, BOTTOMKT, UsUBT.
INTKRFKREXCK is a term <iaed to express the mutual infiucnce of

two streams of Ught, or series of pulsations of sound, or, generally, two

series of ribrationa of any kind. The term is most commonly em-
ployed with reference to light.

We owe to Dr. Young the diaoovery of the grand principle of the

interferenoe of light, and the explanation thereby, in the most simple

and satisfsctory manner, of various phenomena of which no rational

account had previously been given.

The principle itself, when considered merely as embodying the

]>hcnoraeaa which belong to it, may be thus stated. When two streams

of light froui the same source, after traversing paths very slightly

diSering from each other in length, mix together, crossing at a small

angle, wey partially or completely neutralise each other's effect, or else

strengthen each other, according to the difference of path. When the

two interfering streams are of equal intensity the neutralisation is

complete, and we have realised the apparent paradox of two lights

producing darkness. The law which determines whether the illumina-

tion due to this joint action of the two streams is a maximum or

minimum is this : When the difference of the two paths (both being

supposed to be in air) is zero, or an even multiple of a certain fimda-

mentol constant, the illumination is a maximum, when an odd mul-
tiple it is a minimum. This fundamental constant depends only on the

refrangibility of the light, and decreases in magnitude from the red to

the violet end of the spectrum. When the incident light is white, the

light of each particular degree of refnuigibility of which it is composed
presents the phenomena of interferenoe independently of the light of

other refrangibiiities ; and the precise circumstances of the interference

being determined by the value of the fundamental constant belonging

to the particular kind of light, a value which, as we have seen, changes

from one colour to another, a maximum of illumination as regards one

inrt nf the spectrum may coincide with a minimum of illumination as

regards another. Thus, alternations of colour are observed, and not

merely alternations of intensity, and by the time the dilTerence of path

amounts to that belonging to the 7th or 8th maximum fur mean rays,

the colours are so mixed, th.it the result is sensibly white light of

uniform intensity; though, if the interfering light is subjected to

prismatic analysis, the interference may be traced up to a difference of

path amoimting to many thousand times the value of the fumUmcntal
constant

I'he idea we attach to the fundamental constant depends on the

notion we form of the nature of light. The theory of imdulations

alone affords a simple .-md clear explanation of the phenomena of

interference, and is competent to meet the demands of the science

of optics in its present state. According to this theory, the two
streams consist of two perfectly similar series of undulations propagated

in the " ether," of which in this theory the existence must be assumed.
According to the general dynamiod principle of the coexistence of

small motions, the disturbance which one series will produce in the

ether will be sensibly the same, whether that portion of ether be or be
not agitated by the other series. If the lengths of path be equal, the
front of the same wave belonging to each aeries will arrive at the same
moment at the same point of the ether, and the displacement of the
particle v.ill be the sum of those due to the series taken separately.

The same w-ill still be the case if one series be in advance of the other
by one, two, or any exact number of wave's lengths. If, however, one
series be in advance of the other by just half a wave's length, or any
odd multiple of half a wave's length, the displacements simultaneously

produced in the ether by the two ssries respectively will always be
in opposite directions, and the actual displacement w-ill be only the

difference of the two displacements, or zero in case the two are equal,

—that is, in case the two streams are of equal intensity. In this way
the phenomena of interference admit of the simplest explanation ; in

short, the f.-»ct of interference, as well as its laws, might have been
predicti-d from the fundamental principles of the uudulatory theory.

The ftmdamental constant above mentioned evidently represents half

the length of a wave of light.

If a portion of the path of cither stream lie in glass, or other refract-

ing medium, since according to the undulatory th^ry the velocity of

propagation is slower in such a nicdiuni than in air, in the ratio nf tlio

refractive index to unity, it follows that the interference must tike

place as if the stream h.-id described a longer path in air in the above
ratio. This agrees w-ith observation.

The laws of interference were applied by Dr. Toung to the explana-
tion of the colours of thin plates, and to various jihenomena of
diffraction [DtFFHACTiON], and come into incessant use in the expla-

nation of the phenomena of light It will be sufficient here to

mention a fundamental experiment of Fresnel's, which is e.^sily

repeated. Its funcUmental character depends upon the circunutince,
that in this case the interfering stre.ims neither graze the edge of
diffracting bodies, nor are reflected from tliin plates, but simply from
two ordinary mirrors.

Take two pieces of plate gloss, 3 or 4 inches each way, having each a
clean edge (that is, pretty free from chipping), and varnish the backs
so as to stop the rejection from the second surface. On a block of
wood place C balls of kneaded w-ax, and on the balls place the pieces of
gloss, with their clean edges in contact, so that each piece rests on
three balls. By pressing on the balls adjust the mirrors so that their
planes make a blunt angle, pointing inwards, of say 1794°. Great care
muxt be taken that neither piece juts out above the other, as the
experiment w-ill fail if the mathematical line of intersection of the
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planes of the mirrors ia much removed from the edges in contact. A
little jutting is easily got rid of by gently squeezing the wax. Now
reflect the sun's light into a darkened room, passing it through a lens

of short focus (suppose J inch) placed in the window. A second lens

may be added at a little distance in case the focal length of the first

lens be not short enough to give a sufficiently small image of the sun.

Let the light diverging from the image of the sun be rettected, at the
dktance of a few feet, from the mirrors, at any convenient angle, and at

the distance of a few feet from the mirrors examine with a lens the
doubly bright portion of the field where the two reflected streams mix.
This will be seen traversed by a series of fine bands, called fringa of

interfertnce, alternately bright and dark near the middle fringe, and
coloured on receding from the middle. They are readily distinguished
from the vague fringes seen at the edges of the doubly illuminated
portion of the field by the blackness of the minima near the centre of

the system, and also by thefr position, as they are always perpendicular
to the line joining the two virtual images formed by the light reflected

burning on a fimeral pile. The practice of burying is probably the
oldest mode, and with most nations has been the ordinary mode of
sepulture ; but the custom of burning the body, and afterwards col-

lecting the ashes and depositing them in a tomb or urn, became very
general among the Greeks and Romans. Among the Greek nations,
however, both the biu-ning of the dead and the interment of dead
bodies in the earth were practised. The Romans in the earlier periods
of their history certainly buried their dead. It is recorded that Sulla
was the first member of the Cornelia gens who was burnt. The
Egyptians do not seem to have ever adopted the practice of burning
the dead ; and though, as we have observed, burning became common
among the Greeks and Romans, it seems that interment was always
practised by the lower orders among the Romans. At Rome, bodies
were sometimes buried in pits (puticuli), or thrown to decay in certain
unfrequented places. (Varro, 'De Ling. Lat.' v. 25; Horace, 1, Sat. v.

8, &c.) Tacitus (xvi 6) speaks of the embalming and interment of
Poppaca, the wife of Nero, as a deviation from the general practice.

from the two mirrors respectively, and therefore run obliquely across i The practice of burning the dead appears to have gradually gone into
the doubly illuminated portion of the field when the mirrors are pdisuse under the Empire : and probably it was never practised by the
adjusted so that the line of intersection of their planes is oblique to i Christians.

the edges in contact. Instead of the mirrors Fresnel used also a flat
j

A constitution of the Emperor Justinian (a.d. 537) regulated the
prism with a very obtuse angle, the fringes in this case being formed , expense of funerals in Constantinople. The constitution refers to
by_the transmitted light.

{

prior legislation of Constantino and Anastasius. The object of the
The explanation of these fringes follows at once from the principle

of interference. The length of the path of either reflected stream is

the same aa if the light came from the corresponding virtual image of
the luminous point. We may suppose therefore that we have two
perfectly similar series of waves starting simultaneously from the two
virtual images respectively (which we may call I, i'), and mixing
within the wedge-shaped portion of space where the reflected streams
cross. Any point of a plane bisecting 1 1' at right angles will be equi-
distant from I and l', and therefore at any such point the two streams
will conspire, and that for light of all colours. For any particular
kind of light the two streams will again conspire at a point whose
distances from I, l' differ by A, 2A, 3\, 4c., A being the wave-length for
that kind of light. The locus of such a point will evidently be a
hyperboloid generated by the revolution round 1

1' of a hyperbola having
1, l' for its foci, and A, 2a, 3a, &c., for its transverse axis. Along the
intermediate hyperboloids whose transverse axes are 4a, JA, &c., the
two strean)H will be in perfect opposition, and will completely neutralise
each other. On account of the excessive sniallness of A (which varies

from about the one forty-thousandth to the one sixty-thousandth part
of an inch in passing from the red to the violet), a section of these
hyperboloids by a small plane at the focal distance of the eye-lens will

not sensibly differ from a series of equidistant lines parallel to the
plane first mentioned. Hence any one kind of light forms a system
of parallel bands alternately bright and dark, but the scale of the
BTitem decreases from the red to the violet, so that beyond a moderate
distance from the central bright fringe, which is common to all the
colours, the fringes obliterate each other by overlapping.
We have seen that the phenomena of interference are by no means

confined to light. The bealt for instance beard when two musical
notes are very nearly but not exactly in unison, are a phenomenon of
interference of sound. For the description of a very elegant experi-
ment rendering the interference of sound a matter of ocular inspec-
tion, the reader is referred to a paper by Mr. Hopkins, published in
the 5th volume of the ' Transactions of the Cambridge Philosophical
Society,' p. 257.

INTERJECTIONS have been defined to be " words used to express
some passion or emotion of the mind," as exclamations of joy, grief,

astonishment, Ac. Interjections however can hardly be considered aa
a distinct part of speech, but are more properly natural sounds com-
mon to all men when laughing, in pain, &c. Many words, such as
malum, made, profecto, ftc., in Latin, and adieu, welcome, &c., in Eng-
lish, which have been considered as interjections by grammarianfl,
ought to be regarded as verbs, substantives, adjectives, or adverbs.
INTERLOCUTORY {inter, between, and loquor, to speak) a term

applied to those judgments, decrees, and orders of courts of law and
equity which are made in the progress of a suit before final judgment.
Thus, orders for the production of papers, for taking an account of the
dealings out of which the dispute arises, are interlocutory orders or
decrees. Those judgments which, though they establish the right of
the plaintiff, leave t^e amount of damages to be ascertained by a jury,
•ly generally, but incorrectly, termed interlocutory judgments.
INTERLUDE, a brief piece of church music for the organ, seldom

exceeding a few bars, generally produced ex tempore, and playc<l after
each stanza, except the last, of the metrical psalm. This, being merely
for the purpose of giving breathing time to the singers, should always
be abort and grave, and in keeping with the jwalra tune.

Interlude is also the name for a stage-play, among the earliest of the
productions of English dramatic literature. It belonged originally to
the class of " moralities," and John Heywood, in the time of Henry VI 11.,
was the first to free it from allegorical materials. In modem times
the name has been still further extended, and is ofteu applied to a
short dramatic piece performed between two others.
INTERMENT, the burial of a dead body in the earth. The manner

of disposing of the bodies of the dead has varied in different nations
;

but the most general modes have been interment in the earth and
ABTS AHD SCI. DIV. TOL. IV. 1

regulation is well expressed in the following words :—It was to '• secure
men against the double calamity of losing their friends, and at the
same time incurring heavy pecuniary liabilities on their account."
Provision was made for securing interment to each person free of cost,

and for protecting the surviving friends from the extortion of those
w'ho buried the dead. Fimds were appropriated for the purpose of
interment, which was conducted by persous appointed for the purpose,
and with decency, but at little cost. All jjersons were to be buried
alike, with some small allowance in favour of those who wished for a
little more display at their own cost ; but even this additional expense
was limited ; and it is said, " thus there will be nothing undetermined

;

but both those who wish to have funerals on a moderate scale will
enjoy the advantages of our rule, and those who wish for more liberal

arrangements will not be mulcted heavily, and will be enabled to show
their liberality at moderate cost." The whole constitution is very
curious ; but a full explanation of it woidd require some labour. The
objects of it have, however, been sufiiciently stated here. The means
by which they were accomplished wouldnot be suitable to this country.
(• Novell,' 59.)

At Bombay, says Niebuhr (' Reisebeachreibung,' &c. ii. 50), " the
Parsees have a peculiar manner of interring their dead. They do not
choose to rot in the earth like the Jews, Christians, and Mohammedans,
nor be burnt like the Indians ; but they let their dead be digested in

,

the stomachs of birds of prey. They have at Bombay a round tower

I

on a mountain at some distance from the city, which is covered on the

I

top with planks. Here they place their dead, and after the birds of

I

prey have eaten the flesh, they collect the bones below in the tower,
and the bones of the men and women in separate vessels." Herodotus
(i. 140) says of the ancient Magi, that they never interred their dead till

they were torn by birds or dogs. In Herbert's ' Travels ' (ed. 1633,
p. 54), there is a representation of one of these Parsee towers. Some
nations have eaten the aged, and also killed and eaten those who were
attacked by disease, and thus anticipated the trouble of interment.
This revolting practice is established on sufiicient evidence. (Herodotus,
i. 216, iii. 99; 'London Geog. Journal,' ii. 199; Battas, in Geoo.
Div.) Dr. Leyden states that the Battas frequently eat their aged
or infirm relatives, as an act of pious duty. The Battas are not a
ferocious, but a quiet and timid people. Niebuhr says in a note to the
extract given just above, " At Constantinople I heard, that in tho
southern part of Russia there is a people who think that they can
show to their dead friends and relations no greater honour than to eat
them. So different are the opinions of mankind."
These are, however, singular cxceptious to the general practices of

all nations. Among the Europeans, and those descendants of Euro-
peans who have settled in parts beyond Europe, the interment of the
dead in the earth is the universal practice. It was proposed, indeed, to
revive the practice of burning during tho French revolution, but tho
proposal was not adopted. It has also been the practice of nil nations
called civilised, and perhaps of most nations called barbarous, to treat
the dead with decency, and to accompany the funeral ceremony vnih.

religious rites.

The places set apart for the burial of the dead are generally called

cemeteries, which is a Greek term signifying " a place of rest or sleep,"

and was afjplied to common places of interment by the early Christians.

Among the Greeks, cemeteries were perhaps alw.iys without the cities.

Among the Romans, the tombs were generally placed by the sides of
the public roads. It wiis an enactment of the Twelve Tables that a
dead body was not to be buried or burnt within the city (Dircksen,
' Zwolf-Tafel Frngmente,' p. 657). The prohibition against burning
in the city is supposed by Cicero to have been made to prevent risk

from fire : the reason for interment not being allowed within the city

is not stated. A regulation of the Twelve Tables appears to have
limited expenses at funerals (Dircksen, p. 665) ; and a law to the tame
effect was passed in the time of the Dictator Sulla (Plutarch, ' Sulla,'

c. 35).

3
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The ceriy ChrisUaiu followed the custom of the Ronuitu in buiyuig

ootaidle o( citiat ; but they afterwarda tntoaferred their burialpUces to

the ricinity of the churches and within towns, where they have con-

Unuedt o be geoerally situated up to the present time, the churchyard

being the usual pboe of interment, though, when the church is sur-

rounded by houses, it is by no means a fit aituation ; for the putrid

exhalations arising during the daoompoaition of animal bodies are in-

jurious to health, and c^)U>le of giring rise to, or at least of encouraging,

the progress of rarioua pestilential dtaaMsa, of which the most common
in this country are low nervous or typhus fevers. In all grounds used

tor interment low wet places shouui be avoided, and care should be

taken that bodies are not interred near wells or rivers from which

people are supplied with water.

llie subject of interment poaeases

point of view, for it is often of great importance to determine how long
ccaaderable interest in a legal

a body has lain in the ground ; and by observing the changes which

naturally take place in bodies at different stages of decomposition, it is

possible in some cases to determine whether certain marks are the

result of decomposition, or the remains of injuries inflicted before.

death.

The subject of interment atttaoted much attention in England for

many years, and a great amount of information was collected by a

special inquiry, of which the report was published by Edwin Chad-

wick, Esq. The report contains, in addition to the evidence on the

injurious effects of crowded burial places, much valuable information

on the injury to health caused, particularly among the poor, by the

delay in interments. Among the poor in some pvts of London the

average time that a body is kept is about a week, which sometimes
arises &t>m inability to raise money for the funeral expenses, as well as

other causes ; and where there is only a single apartment, the dead and

the Uving occupy it together. The injurious consequencea to health

from the presence of a dead body, sometimes in a state of rapid decom-

position, in a small ill-ventilated apartment, and particularly when
death fauas been the consequence of malignant disease, cannot lie dis-

puted ; and the moral effect on the living is demoralising. The expense

of funerals is another bead which is examined in this report, where it

is well remarked that " the expense of interments, though it falls with

the greatest severity on the poorest classes, acts as a most severe

infliction on the middle classes of society." The cost of interment in

London varies from it. for a labourer, to 1000^ for a gentleman ; for

penons of the condition of a gentleman it is stated that 1501. would be

a low average. But these changes do not include anything except the

undertaker's bill. The account of the details of an expensive funeral,

" which is strictly the heraldic array of a baronial funeral, the two men
who stand at the door* being supposed to be the two porters of the

castle, with their staves in black, ' &c., is ludicrous enough ; but the

di^Msition to laugh is checked by considering the pecuniary embarrass-

mmt which this abaurd display often entails on the survivors.

The recognition of the numerous evils attendant on the usual church

and churchyard interments, led, in 1852, to the passing of the Act
15 & 16 Vict., cap. 85, "to amend the laws concerning the burial of

the dead in the Metropolis ;
" and this was followed in the succeeding

year by the Act 16 & 17 Vict., ci^. 131, for extending the provisions of

the Act of 1 852 to places beyond the metropolis, in England and Wales,

liany other Acts for extending the powers or for regulating minor
details have followed.* In 1855 the 18 & 19 Vict., cap. 68, extended

tbo measure to Scotland, and the 19 & 20 Vict, cap. 98 (in 1856), to

InUod,
By these Acts intra-mural interments are rapidly being discontinued.

In all towns or poor-law unions burial boards are constituted, with

powers to raise funds and provide cemeteries in proper places, to regu-

late fees, &c., and to keep the burial-places In good order. The
aeerataiy of state for the Homo department has the powor of pro-

hibiting interments in any intra-mural buryinggrouud which bo may
daem injurious to the surrounding coium unity, ins]>cctor8 arc appoiuted,

and a ayitMn of eitra-muralt interment is extending itself throughout
the United Kingdom. No large towns in England, and few small ones,

are now without one or more cemeteries, selected with resard to con-

venience and their aaoitary qualifications ; and it is stated that much
improvement has been already effected alike in the position and character

of the site* selaeted for the interment of the deod.and in the mode and
CXpen*** ftf ninfluntinff fiinrrals.

INI' I a.]

IN'I I i^NAL, geometrical terms ^>plied to the

aisles luwle by the siUeii of a bounded figure. The angle made by two
Mm is an internal angle ; that made by a side and a dde produced is

an external angle.

INTEKNATIONAL LAW. This term was- originally applied by
Bentham to what was previously ddled the " law of nations," and it

baa beeo feoanlhr received aa a more apt designation than that which
it supsiMded. Whan the term " law of nations " was in use, that of
" Uw of peace and war" was aometimes employed as a synonym, and
as indioativa of the boundaries of the subject. It was thus in its

ptopar asiwe mtdcted to the disputes which govemmenta might have

• Tkass havs bssa soUscttd, witk notn and explaaatory rsoiarlu, under the

tills o( ' Boiiat Ads, MetToiiolluui and ProTiacitl,' &«,, bj 1. 1. Scolt, Kaq.
(KiUfM k Co,, nast SInet).

with each other, and did not in general apply to qaestiaos between
subjects of different states, arising out of the position of the states

with regard to each other, or out of the divergences in the internal laws
of the separate states. But under the more expressive designation, inter-

national law, the whole of these subjects, intimately connected with
each other as they will be found to be, can be comprehended and
examined, and thus several arbitrary distinction* and exclusions are

saved. To show how these subjects are interwoven, the following

instances are taken :—A port is put in a state of blockade ; a veascl of

war of a neutral power breaks the blockade : this is distinctly a ques-
tion between nations, to be provided for by the law of peace and war,
in aa far as there are any consuetudinary rules on the subject, and the
parties will submit to them. But suppose a merchant vessel belonging
to a subject of a neutral power attempts an infringement of the blockade,
and is seized : here there is no question between nations in the first

place. The matter is adjudicated on in the country which has made
the seizure, as absolutely and unconditionally as if it were a (question

of internal smuggling ; and it will depend on the extent to which just

rules guide the judicature of that country, and not on any question
settled between contending powers, whether any respect will be paid to

what the party can plead in his own favour, on the ground of the
comity of nations, or otherwise. But there is a third class of cases

most intimately linked with these latter, but which are completely
independent of any treaties, declarations of war, or other acts by
nations towards each other. They arise entirely out of the internal

laws of the respective nations of the world, in as far as they differ

from each other. The_ " conflict of laws " b a term very generally

applied to this branch of international law, and the circumstances in

which it comes into operation are when the judicial setUement of the
question takes place in one country, but some of the circumstances of

which cognisance had to be taken have occurred in some other country
where the law applicable to the matter is different. One of the most
common illustrations of this subject is,—a judicial inquiry in England
whether a marriage has token place in Scotland according to the law of

that country ; or, an inquiry in Scotland whether a marriage has taken
place according to the law of England ; in either of which cases there

will generally be the further and nicer question, ^V'hich country's law
ought to prevail as the criterion ?

Thus the three leading departments of international law are

—

1. The principles that should regulate the conduct of states to each
other.

2. The principles that should regulate the rights and obligations of

private parties, arising out of the conduct of states to each other.

3. The principles that should regulate the rights and obligations of

private parties, when they are affected by the separate internal codes
of distinct nations.

The first of these has been the principal subject of the well-known
works of Grotius, Puffendorf, Vattel, and other pubUcists, who have
derived from general principles of morality and justice a series of

minute abstract rules for the conduct of nations towards each other,

and subsidiarily for the conduct of their subjects in relation to inter-

national questions.

It is clear that thus in its large features, as a rule for the conduct of
independent communities towards each other, the law of nations wants
one essential feature of that which is entiUed to the term law—

a

binding authority. Nations even the most powerful are not without
checks in the feu' of raising hostile combinations and otherwise ; but
there can be no uniformity in these checks ; end in general when the
interest is of overwhelming im]x>rtance, and the nation powerful, it

takes its own way. The import-mco of the questions which may be
involved in the law of n.itiou8 thus materially affects the question how
far it is uniformly obeyed. In many minor questions,—such as the
safety of the persons of ambassadors, and their exemption from respon-
sibility to the laws of the country to which they arc accredited, and in

other matters of personal etiquette, a set of unifoi-m rules has been
established by the practice of all the civilised world, which are rarely

infringed. But iu the more important questions,—regarding what is a
justifiable ground for declaring war ? what territory a nation is ontitied

to the sovereignty of 1 what is a legitimate mode of conducting a war
once commenced ? &c.—the rules of the publicists are often precise

enough ; but the practice of nations has been far from regular, and
has been, as every reader of history knows, influenced by the relative

strength of the disputing iiarCes more than by ihe justice of their

cause. The later writers on this subject have from this circumstance
directed their attention more to the means by which any system of

international law can be enforced, than to minute and abstract state-

ments of what may be theoretical justice, but has littie chance of

being enforced. They have found several circumstances which have
an influence iu the preservation of international justice, though of

course no sanctions wuich can give it the uniformity and consistency

of internal laws.

The combinations for the preservation of what is called Uie Balance
of Power [Balascf. or Power! are among the most useful restrictions

of ambition. All periods of history furnish illustrations of this

principle. Htune found that the Pelopouneaian war was carried on for

the preservation of the balance of |iower against Athens. The war
with the Frcnclf Uepublic and Empire exhibited a noted illustration

of combination to prevent universal conquest on the part of the
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French. The late war with Russia exhibited a similar attempt to

prevent the aggrandisement of Russia at the expense of Turkey. The
safety of small states from being absorbed by their larger neighbours

thus lies in the jealousy which their neighbours feel of each other's

aggrandisement. So the jealousy of rulers in one barrier to national

injustice. Another is public opinion : sometimes that of the nation

whose rulers would be prepared to commit injustice—sometimes that

of other nations. Of course it can only be to a very limited extent

that the public feeling of a despotic government can check the grasping

spirit of its rulers ; but the pubUc feeling of the constitutional and
democratic states is the great check on the injustice that might be

perpetrated by a nation when it becomes so powerful as Great Britain.

The seizure of the Danish fleet by the English during the war with

Napoleon has been a subject of warm censure. Necessity—even the

plea that Napoleon would have used the fleet to invade our own shores

—has not been accepted in palliation of the act ; and the manner in

which it has been canvassed is very likely to prevent any government

from adopting the precedent. The partition of Poland is an instance

of national injustice condemned by the public feeling of countries other

than those by which it was perpetrated ; and it may be questioned

whether the states which accomplished the partition may not yet sutfer

bj^t. Good fame in the community of nations is like respectability

in private circles, a source of power through external support ; and

ihe conduct of Russia towards Poland has frequently divert«i from the

former the sympathy of free nations. It need scarcely be observed

that the press, whether fugitive or permanent, is the most powerful

organ of this public opinion, and that the views of able historians,

jurists, and moralists, have much influence in the preservation of

international justice.

Among the principal subjects of dispute in this department of

international law are—the sovereignty of territory and the proper

boundaries of states
;
questions as to discovery and first occupancy of

barbarous countries ;
queationa as to any exclusive right to frequent

certain seas,—aud here there is a well-known distinction between the

broad ocean and the narrow seas that lie close to particular territories

;

questions regarding the right of navigation in rivers which may be

either between the upper and lower territories, or between states on
opposite banks

;
questions as to the right of harbour or fishing, &c.

;

and questions as to the right of trading with particular states. A very

advantageous method of adjusting minor international disputes has

been frequently had recourse to of late in a submission to the arbitra-

tion of a neutral power. Pride and the spirit of not yielding to

intimidation or aggrandisement have often more influence in the

resistance offered by one state to the claim of another, than the desire

to keep what is demanded. In such a case the national pride is not

injured when that which is yielded to is the award of a neutral jarty,

not the demand of an opponent. It has been suggested by Bentham
and Mill that the civilised states of the world should establish among
themselves a congress, which should adjudicate on all disputes between
its members, the members being excluded from voting in their own
disputes.

The Second department into which international law is divided

—

the rights and obligations of individuals as afl°ected by the conduct of

states towards each other—has, like the first, been examined by the

publicists in their theoretical manner ; but it has never, perhaps,

received so much practical illustration as it did in the British courts,

particularly the Prize Court, during the war with France. In a

despotic country it would of course scarcely ever occur that the bench
should fail to give effect to the national policy of the government,
whatever that may be. But in England it was the rule that foreigners

as well as natives were entitled to the rigid administration of the law,

and that, if the proceedings of the government were at variance with
the rights of parties according to the law of peace and war, individuals

might have redress. Thus, when Great Britain, in opposition to the

Berlin decrees, tried to establish a " paper blockade," that is to say, by
force of orders in council to declare places to be under blockade,

whether there were a force present to support it or not. Sir William
Scott found that " in the very notion of a complete blockade, it is

included that the besieging force can apply its power to every point in

the blockaded state. If it cannot, it is no blockade of that quarter

where its power cannot be brought to bear."

It has frequently been observed, that as to all departments of the
law of nations, uncivilised countries are at the mercy of the civilised :

tliat not having any means of reciprocating the action of international

laws, from their having no systematic judicatories of their own, they
have not even the frail tenure of generally received opinions as to

what the conduct of independent nations towards each other ought to

be, for their protection. This is in some measure true. If a weak
civilised nation, which can eloquently appeal to the law of nations, is

feebly protected against the injustice of a strong nation, still less ctiec-

tually is a barbarous community, which never heard of international

law, and knows not how to appeal to its acknowledged principles, pro-

tected by it ; and, in regard to such communities, the humanity and
conscience of the powerful nations coming in contact with them arc

their protection, rather than any rules of international law. Thus
when, aa in the instance of a colonial government or otherwise, such a
nation as the British has to deal with the inhabitants of a barbarous
country, it cannot be said that these inhabitants have the law of

nations to appeal to if they are unjustly treated, and there 13 no
security for their being well and humanely used but the morality and
conscience of the British nation and its government. How far

civilised nations had in former times disregarded all feelings of common
humanity in their intercourse with inferior races, the history of

colonisation, and fespecially that relating to the continent of America,
is a honible record. In later days higher notions have been enter-

tained of the responsibility of superior power, and the civilised man
has in some measure ceased to make his first advances to the notice

of the barbarian in the character of a murderer and a pillager.

England has in this improved morality so far advanced before other

nations, as to be the protector of barbarous races from the oppression

of others, in her eSbrts for the abolition of the slave trade and the

preservation of aboriginal nations. These efforts, in so far as they are

an anomaly in the general conduct of nations, have introduced some
necessary exceptions to the rules of international law applicable to the

rights of persons. This has consisted in the necessity of treating those

who are injured by the slave trade, namely, the slaves carried off, as if

they were subjects of this country subjected to injury, '-while the

deporters have likewise been of necessity treated in the general case as

if they were subjects of this country doing the injury. The effect of

this state of matters, as an exceptional principle in international law,

sometimes occasions difficult questions. In one case a foreign slaver

had been captu;«d and taken possession of. The crew rose, and
putting the captors to death, recaptured the vessel. They were tried

and condemned to death for murder in an English court ; the judge
refusing to admit the plea that, as the capture had taken place under
our laws, not their laws, they were entitled to regain possession by any
means which they chose to adopt. He held it right, in fact, to treat

the ship as a prison, and the captured seamen as persons in a British

prison. On the question, however, coming before the judges, the con-

viction was quashed, the ground of reversal being, that the vessel not
having slaves on board was not liable to seizure. In those cases where
it is necessary to diverge from the general principle of international

law, for the protection of the weak, it is fortunate that the humane
and enlightened motive of proceeding is a guarantee for its being
beneficially exercised.

The rights of individuals have sometimes been so much affected by
the conduct of nations towards each other, that their own nation has
been induced to make war against the nation aggressing. This has
twice occurred in our intercourse with America : one war was caused
by our restrictions on the commerce of America by the orders in

council; another by our searching American merchant vessels for

British seamen. This subject of " the right of search," as it is termed,
is still in an unsatisfactory and unsettled state.

The Third division of international law is that which most properly
comes under the head " Conflict of Laws," namely, the principles that
ought to regulate the rights and obligations of private parties when
they are affected by the separate internal codes of distinct nations.

This involves questions with intUviduals, and not, at least in the first

instance, questions with states ; and the adjustment of each question
depends on the view taken by the law of the country to which the
individual or his property is amenable. But it has this distinctive

feature, that the circumstances under which disputes arise are not in

the conduct of one nation towards another, but in differences between
the internal laws of the countries, which internal laws disagree, not
because the one nation has a dispute with the other, but in the general
case because its legislators have taken its internal situation solely into

consideration, and have overlooked the existence of other nations.

There can be no part of the world where this species of international
law can be so well illustrated as in the United States—a collection of
communities, each having an internal system of administration, but
each acting on principles of harmony and alliance with the other
states of the Union. It is thus natural that America should have
produced the best work on the subject, in Professor Story's ' Com-
mentaries on the Conflict of Laws Foreign and Domestic, in regard
to Contracts, Rights, and Remedies ; and especially in regard to
Marriages, Divorces, Wills, Successions, and Judgments,' of which
two editions are now known and esteemed in this country. The
leading rule of international law in this department is, that each
civilised nation is to give efficacy to the laws of another country,
unless its own laws or the general principles of justice are thereby
invaded. We have the broadest and most distinct illustrations of
this rule in the criminal law. The progress of opinion has lately

been in favour of each nation rendering back fugitive criminals, to bo
dealt with according to the law of the country where they have com-
mitted any private crime against person or property. In conformity
with this principle, treaties have been made with several states, for
enforcing which, in this country, acts of parliament have been passed
enabling the secretary of state, on the requisition of the ambassador
or other representative, to issue a warrant to magistrates to seize a
person accused of a crime, a magistrate being enjoined to put it in
force on his being satisfied that the charge is of such a nature as
would authorise him to commit a person charged with perpetrating
it in his own jurisdiction. [Conventio.v Tbkaties.]
But it has been a rule in many countries, and [xarticularly in our

own, that no aid is to be given for the enforcement of the political
laws of foreign states. And hence as in other branches of international
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law, oar oiligfatsiMd prinoiplM on the (ubjaol of ilaver^ have h«ra

baan Um owua of perjiMzing difficulties. >V itb sbTe-holding oountriM

•I**«i7 eoma* to ba > qn««tiaa of property, but with lu it can only

be a queetion of goTwniiMnt ; and we cannot view any mice regarding

property in (Uvea at lawi relating to private right*, an iufringeineut

of which, when held to be criminal in the lave-holding country, muat
be M alao here. Aooordiogly in the celebrated caae of the Creole, in

1841, when certain American alaTee aacaped and found protection in a

Britiih aettlement, it waa found that we could not send them back to

th«r owners aa robbera who bad with violence stolen their own
peraona from the custody of their proprietore.

As on the one hand tne criminal law is that to which this depart-

ment of international law most broadly and distinctly applies, on the

other hand the position of real or landed property is that to which it

has geoarally the least refersnoe. The reasons of this distinction

are obvious : his own personal conduct is that object of the law

which a man most completely carries about from one country to

another ; his connection with landed property is the relation in which

a tribunal out of the country in which the property Is, can have the

least chance of adjudicating. Between these extremes there are many
qiinitttms regarding persons in their relatioiu to each other, and regard-

U)g oontiaota as to moraabla or personal property. It came thus to be

• gmarml principle, that rights connected with landed property must
always be settled by the law of the place where the land lies, while

questions ragardiog other property might bo subjected to other

criterions of jurisdiction. Perhaps historical circumstances in the

aariy history of the European nations iiivoured this division. The
vaiious tribes which occupied the territory of the Roman empire

anwar to have carried with them their own peculiar laws and ciiatoms.

(Savigny quotas a letter from Bishop AgoWdus, in which he says it

oftdibappens that five men, each under a different law, may be found

walking or sitting together—a state of society at this day exemplified

in soma oriental nations.) Among all these distinct tribes the feudal

system arose as the general and uniform territorial law ; while by'

reason of circumstances which need not be here narrated, the civil

law became the ruling principle as to persons in their relation to each

other when that relation was not of a feudal character, and as to claims

reoarding moveable goods. The common law of EngUnd has, from

other circumstances, the least affinity with the other European codes

in respect to personal relations. But it has fortunately happened that

those departments of the law with which international questions are

diiefly concerned,—the conslstorial and the admiralty law, have been

oonsiclerad as the legitimate ofispring of the civil law, and have adopted

in a great measure its principles as they have been in practice through-

out Europe. The mercantile law of England again has accommodated
itself to the custom of merchants; this custom arising, in a great

degree, out of the adaptation to modem commerce of the principles

of the ciril law (the portion of it least in harmony with that of other

cottntries being the bankruptcy law, which is entirely statutory),

has consequently adapted itself to the exigencies of foreign commerce.

The conflicts of laws between England and ScotUnd are to us of

ooniae the most important and interesting. The consuetudinary law of

England has perhaps fewer principles in common with that of ScotLmd
than the latter has with the law of any other country in Europe ; and

this divergence has been the cause of many difficult questions. In

these the Uw of marriage and that of succession have been particularly

fertile. In the former the difference between the institutions of the

two countries, when subjected to the principles of international law,

has baeo |»oductive of very remariuble effects. On the subject of

suooaasion fartunat4sly a series of decisions in both countries has

astUad two very important principles—that in the case of landed

piopal ty it follows tne Ux ret titit, or the law of the place where
the property is; while in moveable or personal property it follows

the Ur donucUti, or law of the domicile in which the person leaving

it died.

INTERPLEADER, the name of an action at Uw, and of a pto-

eaeding in equity. When a person holding goods, or owing a debt or

daty,ll sued by two or more claimanta, the court will order them to

intarpiawi upon the application of the party sued, and upon his

daUveiing up or offering to deliver up the matter in dispute, and
<ti.i»Uiining all interest therein. The Sheriff when goods seised by
him ar« claimed by soma other person than the execution^debtor, may
also interplead, to have the right sscartainacL A similar process is in

use in the County Courts.

INTERPOLATION. Every mathamatical table consists of a series

of valuas of some algebraical expression oorresponding to equidistant

Tslnss of the lettar on which it depends. Thus, the moat extensive

tsUa of loffuithms in common use is a succession of values of log. x,

answariog to x- 10,000, x- 10,001, x= 10,002, and so on up to i =
W,BM. Tha proosss of interpoUtion U that of inserting in a table values

of tha tabulated function intermediate to those given in the table. For
example, suppose that p, q, r, ; Ac., are written in a table opposite to

a, a -f 6, a + 26, a + 86, Ac., and it udemanded what u the value of

the function oorrsqionding to a -( 24 6 : this is a question of inter-

poUtion.
Such a quastion can only be solved approximately, but, generally

speaking, the values in the table are themselves but approximations,

and the intsrpoUtad raluas are as oatrect as the tabular ones. Strictly

apesking, the question itself is indetermiiute, lor no function oan be
determined by means of any finite number of values, however great.

The question is precisely analogous to that of drawing a curve through

a given number of points, which may be done in an infinite number of

ways, how many points soever there may be. But if the points be
gradually increasing in distance from a given line, and if it be a

condition that the intermediate i>oints must do the same, theu if the

points be near together, any two curves which satisfy the conditions

must very nearly coincide. li equidistant abscissae of such a curve be
tabulated with their ordinates, then the ordinatea corresponding to

intermediate abscissa) will be very nearly the same for any curve which
eanpasa through the points which belong to the tabulatCKl ordinates.

The method of interpoUtiun consUts entirely in the application of

the following theorem. [DirrEBENCE.] Let ;>, j, r, s, (, &c., be terms

of a series corresponding U> a, a + b, a + 2b, &c., and let the

successive differences be formed, as in the following table

:

: • :

a P
Ap

•

a + b 1 A»i)
A? A'j)

+ 26 r A»?
Ar A'«

+ 34 $

A<
A'r

a^ib t

•
.'

•

where Ap is q—p, &c., A^/ is Aj— Ap, &C. Then the nth term
reckoned from p exclusive U

J>-H.Ap-(-H!Lzi A*i' +«^^^A»i)-Hftc (A).

Thus q isp + &p, r is ;> + 2Ap + A^yi, and so on. This series, which
gives the rest of the table accurately, will give the intermediate values

approximately, if p, Ap, A^), &c., diminish rapidly. Thus, by making
n= 4> ^<> fiii'l ^^ term which should stand opposite to a + 4 i, if the

table were made twice as minute as it now is, or, as we may say,

bitecUd : if n= 24, we find the term answering to a -(- 2^6, and so on.

The following is an instance :

—

Given the present value of 1,000,0002. 20 years hence, at 2, 4, 6, 8,

and 10 i>er cent. : to deduce from thence an approximation at the rate

of 44 per cent. Let it be observed, that from 2 to 44 is one interval

and a quarter of the tables, or »= 1\.

2 672971 — 216584
4 456387 + 72002— 144582 — 24677
6 3U805 + 47825 + 8705— 97257 — 16972
8 214548- + 31353— 66904

10 148644

We have taken this example to show, when the intervals of the

tables are considerable, how slowly the differences may diminish. The
consequence u that only four places of the result will be correct. We
have now

p = 672971 A'p = — 24077

Ap = — 216584 A'p = + 8705

A'r - + 72002

6 « — 1 1 11— 2 1 n —

3

7

2 8' 3 4 4

»—

1

_ 8 i» — 1 «—

2

_ _ S
'2 32' " 2 8 128'

_»— 1«— 2n— 8 85

16'

2 8 4 3048

672971

6

4
X — 216584 = — 270730

B

82
X 72002 = + 11250

_ 6

128
X — 24677 = I- 964

85

2048
X 8706 =

Answer
Correct Aiuwer

+ 149

414604
414643

The smaller the tabular interval, the more correctly will a given

number of differences serve to make the interpoUtion. Let us take
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the preceding question on the supposition that the rates are 2, 3, 4, 5,

and 6 per cent., in which from 2 to 4 J is 2 i intervals, orn= 24.

" 672971
119295

653676 + 22006
— 97289 — 4215

456387 + 17791 + 838
— 7949S — 3377

376889 + 14414
— 65084

311805

5

re'

5. X — 119295 = — 298233
2

16

8

6

_ X + 22006
8

-1 X - 4215 = —
16

-— X +
128

+ 41261

1317

838 = — 33

Answer 414644
Correct Answer 414643

The most Bimple interpolation is that which takes first differences

only into account, and is perfectly well known to every one who can
UBe a table of logarithms, or interpose arithmetical means.
We now give some instances in which the intermediate terms are

expressed by means, not of the differences of given temu, but of the
terms themselves. The case which most often occurs is that in which
it is required to bisect the interval of the tables, and in this case a rule
may be given which amounts to using the third differences, and is

extremely simple. Let p, q, r, and < be successive terms of a table,
and let it be required to find the term intermediate between q and r,

that is, if 9 and r stand opposite to x and x-¥y, required the term
anawerlng to x -t- ^. The following formula shows the process :—

-2-+ jg •••(«•)•

Thua in the preceding instance

—

J)= 653676 J + r= 833276

J= 456387 ji+«= 866481

r= 376889 4)- 32205
»=311805 4)- 8051

- 2013
|(r/+r) = «6638
Answer 414625

This more simple rule is equivalent to the use of the preceding
method with p and its first three differences. It requires that two
terms should lie on each side of the term sought; but if it were
required to bisect the interval between p and q by means of p, q, r,

and I, the formula is as follows :

—

6 (r-p)-{,-q)

16 ^ '

Thus, to find the value at 34 per cent, from the preceding data, we
have

—

»-;>= -176787

6
-883935

f-{= -144582
6 (r-p)-(«-})= 4)-739353

• 4)— 184838
- 46210

g= 466387

Answer 502597
Correct Answer 502666

The formuk for the bisection of the interval of r and < by means of
p, q, r, and i, is—

, + S(»-g)-(r-p) _ _ . >

16
'

1?^^' fi^treme accuracy of bisection is required, the following rule
will be equivalent to going as far as fifth differences, and taking from
the table three terms on each side of the intermediate term required.

Let the terms of the table be p, j, r, j, t, and «, the intermediate term
of r and < being required.

P
u

u+p— x

: +
'"

t+q=y s+r=

Intermed. term + 1 + gM-— y) + 3(a;-z)

2 256
(E).

As an instance, take from the article Intekest the logarithms to ten
places of 1-01, 1-02, 1-03, 1-04, 1-05, and 1-06, for p, q, r, s, t, and u,

neglecting decimal points and preliminary ciphera.

43213738
253058653

86001718
211892991

128372247
170333393

1=296272391 y=
298705640

=297894709 3=298705640
297894709

— 2433249 = 1-

3

-2 Z--y= 4)81093100

20273275

- 7299747 — 7299747

Jz= 149352820

8)12973528

8) 1621691

50678 4) 202711-4

Ans. •0149403498=log. 1-085 60677-9

The formula (b) is sufficient to bisect the intervals given in the
article cited.

The following is the method by which the formula (a) may be
expressed in terms, not of p, ^ p, &c., but of p, q, r, &c. Suppose
this is to be done as far as the third difference, or in terms of p, q, r,

and <. Assume for the function in question

A(n-l) (n-2) (»-3) + B»(n-2) (;i-3) +CH(n-l) (»i-3) +D« (n-1) (»-2).

When »= 0, this should be p ; but it then becomes — 6 a, whence a=—
J p. When n= 1, this should be q ; but it then becomes 2 B, whence

B= J 5. Similarly = —
J r, and D = i » : or the function tabulated,

within the given limit, is, so far as third differences can determine it.

r»—2 n-3 1

f » «— 1 1

+ {n-2) (n-3) [-^q-^^P |

This method may be extended to the interpolation of intermediate
values, when the given values are not equally distant. Suppose that
according as n is a, 6, or c, a function is p, q, or r. Assume for the
function

a(»— t) (n—c) +b(»— o) (n—c) +o(n— o) (n—J).

Then when n=a, we must have A (a—J) (o— c)=p, or

P g r

U-6) (a-c) ' ~lb-a) (b-c)' °~{c-a) (c-6)'

The following results will serve as an instance of the application of
the last method but one. Suppose it required to interpose four equi-
distant values between q and r in the series p, q, r, a, using third
differences inclusive. First interpose four arithmetical means between
q and r, and let them be A, B, c, D : then interpose four 9,rithmetical
means between 3 5— 2 p— a, and 3 r— 2 a— p, and let these be a',

b', c', and d'. Then the foul- terms intermediate between q and r
must be

A +3§5A',B +,fcB',C + iJiiC', D + sJijO'.

If it be required to interpose three equidistant values between q and
r, using third differences, take p, q, r, a, and between q and r interpose
three arithmetical means, A, B, and c ; also between 3 y— ip — s and
3 r— 2 <— p interpose three means, a', b', and c'. Then the three
terms required are

A +Aa',b -<-iB',o + 5^c'.

To interpose two terms, still with third differences, find two arith-
metical means between 30 j— 2 p— > and 30 r— 2 »— ;) ; the twenty-
seventh parts of these means are the intermediate terms required.
The interpolation of one term has already been given (b).

When second differences only are used, no material simplification of
the fundamental rule can be given. To place k intermediate terms
between q and r by means of q, r, and a, interpose k arithmetical means,
and correct them as follows. Calculate (j + »— 2 r)-i-2 (it + 1)', and
call this A ; then subtract from the several means

*A,2(yt— l)A,8(i— 2)A,. . . (i— l)2A,iA,

It would be a little more correct to let a be (p + r— q — «) -=- 4 (i-(-

1)', which in the case of a single intermediate term would amount to
using third differences.

INTERPRETATION. (Mathematics.) This word is coming into
use as descriptive of a process which it has long been customary to

employ, though without any express name. When an algebraical
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dtiallfciB b UM Aowa, thrre u frequantly K>me nstrietion implied in

Um Buaoer o< making the defiuition, ao that the prooen to which it

leadf pmenti more ouee than can be explained by it, or were con-

tomplated when it waa made. For example, the abbreviation of a, aa,
•oo, ke. [ExroifKKT] into a, a\ a', and the rule* which ipring from it,

oon lead to such results

ti. 1-1:

which, though they follow from algebraical processes, yet when they
first arrive, are without algebraical meaning. In such a case, the pro-

oess of interpretation enten ; the question is. What should sudi symbols
mean ? hare they a necnsiiiy meaning 1 if not, is there any meaning
which will be more oonreoient than another I A definition bos been
laid down, leading to resiiltn which cannot be explained by it : re-

quired the extension of the definition which will enable it to explain
its own resulta.

Examples are found in all works which explain the principles of

algebra. The rule always is, let the interpreted meaning of the new

Etwls be such as will make the whole of the process true by which
were obtained. Now as they must have been obtaine<l by the
[cation of those formula; which are true of the intelligible results

of the definition, the rule just mentioned leads to the following : let

the meaning of the unintelligible results be such as will make the
formula) of the intelligible ones true of them. Thus, in the preceding
instance, the fundamental formula which oonneots the terms of the
series a, a*, a*, a*, ftc, is

—

«" X a" = o"+«

which is intelligible when M and n are positive whole numbers,
Suppose it now required to interpret a "

: that is, to give it a meaning
wluch shall nuke the preceding formula true of it. Write instead

of m and we have a* x a* =a'><'*= a*,ora<'must stand for 1. Again,
suppose it required to interpret a ' . In order that the preceding
formula may be true of the meaning of a ' , we must have

ai X ai = ai + i=a' or a

whence a > must stand for V"- And similarly for other cases.

It is interpretation which creates the distinction between algebra,

as now known, and arithmetic with general symbols of number, or

univenal arithmetic. This we shall see in the article Keoative jlVD
Impossiblx QuAKTirrES.'
INTERROGATORIES. [Egurrv.]
INTERVAL, in Music, is described by Dr. Robert Smith, in his

' Harmonics,' as " a quantity of a certain kind, terminated by a graver

and an acuter sound." Brossard has said the same thing in other
words :

—" C'est la difference, ou distance, qu'il y a d'un son grave h un
on aign." Agreeing in this definition, from c to D is an interval of a
2nd ; from o to o an interval of a 6th ; from c to bk an interval of a
flat 7th, Ac. [Scale.]

IntertaU are tim/ile when confined within the octave, compound
when they exceed it, and are named according to the distance of the
two boundary notes. Thus the interval of a whole tone (o d) is called

a 2nd ; of a whole tone and a semitone (o E B), a minor 3rd, &c.

Intervals, therefore, are considered as sounds, and hence are either

oonsonant or dtMonant; that is, concords or discords. [Concord;
Discord.]

£xample$ of Simple /nlerraU.

Ofalmt Ofaant OfaBrd. Of a J«th. Of a Mth. Of on 8th.

KiampUt of Compound IntenaU.

Ofal2tli, oranSth Ofa ISth, or of two
or a Mh, or so Bth aud a 6tb. octaves.

andaand. _ S

INTESTACY is either the dying without a will, or leaTing a will

which does not dispoae of the whole of the real or personm estate.

There mar therefore be either a general or a partial intestacy.

INTONATION, m Vocal Music, is the tuning of the voice—the
singing true or false—in tune or out of tune. Correct intonation is the

fint requisite in a shiger; this wanting, all his other musical qualities,

however good, are unavailing.

INTRADOS and EXTRADOS, the lower and higher curves of an
areb. The intradoa of an aroh is also called the «o^. The intntdos

and extrados are meastired respectively along the inside and outside of

the viniMoim. [AncB.]
INTUITION (iiUii^), the most shnple act of th« reason or intellect,

on which, according to Locke, " depends all the certainty and evidence

o{ all our knowledge ; which certainty every one flnda to be so great,

that be cannot im.'igine, and therefore cannot require, a greater. For
man cannot conceive of a greater certainty than that any idea in his

mind is such as he perceives it to be, and that two ideas, wherein he
perceires a difference, are different and not precisely the same."

His definition, or nther explanation, of intuition is as follows :

—

" Sometimes the mind perceirM the agreement or disagreement of two

ideas immediately by themselves, and this, I think, we may call intui-

tive knowledge. In this the mind is at no pains of proving or examining,
but perceives the truth as the eye does the light, only by being direct^
to it." (' Essay on Human Understanding,' b. iv., c. ii., g 1.) Sir W.
Hamilton (' Lectures on Metaphysics,' lect xxiii.) observes that " an
intuitive oognitiun, as an act, is complete and absolute, as irrespective
of aught beyond the dominion of consciousness ; whereas a representa-
tive cognition, aa an act, is incomplete, being relative to and vicarious
of an existoice beyond the sphere of actual biowledge."
The nature of the relation which subsists between intuition and

reasoning has been strongly contested. While Beattie maintains that
the connection between them, how closely soever they are found in

general to be connected, is not necessary, but, on the contrary, a being
endued with one may be destitute of the other ; Dugald Stewart, on
the other hand, insists that the two are not radically distinct, althotigh
by most writers they are considered to be different faculties. Locke
having rightly maintained that every step which the reason makes in
.demonstrative knowledge has intuitive certainty, and that, conse-
quently, the power of reasoning presupposes that of intuition, Stewart
Ihinks that the intuition of Locke implies the power of reasoning ; or,

at least, that intuition combined with memory explains reasoning.

Here his usual sagacity appears to have failed Stewart. While the
mind itself is perfectly simple, it has been, for the purpose of attaining
accuracy of language and distinctness of theory, supposed to be multiple

;

and distinct faculties have been ascribed to it according aa its several

operations comprise more or fewer elements. According, therefore,

to his own account, reason, which involves the element of time, must
be kept distinct from intuition, which does not involve that element.
The proper objects of intuitive certainty are identical propositions.

This, of course, does not mean propositions verbally identical ; such as
" a man is a man." But while the object of thought is perfectly and
always one, it may present itself to the thought imder a variety of

aspects, either dissolved into its elements or as combined into a whole.
It is this identity under an apparent diversity that constitutes that
original and primary evidence which makes certain propositions, as

soon 03 the respective terms ore understood, to be i)erceived intuitively.

On the other hand, the apparent identity of a real diversity is the
ground of all sophistical argument. The ultimate form of legitimate

argumentation is, o = 6, 4 = c,
.

" . a = c. But every fallacy, when
detected, will invariably be found tobea=6 + r, 4= c, .•.a=e. The
sophistry consists in the suppression of the element r, either positive

or negative.

INULA HELENIUM (Elecampane), on indigenous perennial herba-
ceous plant, found in most meadows, the root of which is used in

medicine. This part is thick and branching, brown externally, white
internally, with an aromatic odour and a mucilaginous taste, at first

bitter, afterwards sharp and camphor-like. In siddition to mucilage
it contains a large quantity of a variety of stareh termed inuli*.

Inulin exists in many other plants, and goes by a variety of names,

—

Alantin, Menzanthin, Elecam]>anin, Dahlin, Datiscin. Inula heUnivm
also contains a volatile oil, a portion of which when crystallised con-
stitutes the steoropten called Elecampane camphor; a bitter ex-

tractive ; an acrid resin ; some salts of lime, &c.

These ingredients give it a tonic and stimulating property, and it is

employed in debility of the stomach and other diseases of mucous
surfaces unattended with inflammation. It is, however, not much
used. Having kept its place in popular favour from the time of the
earliest Greek writers, it cannot be deemed altogether useless. It

affords a ready substitute for senega, the virtues of which are greatly

lessened by age, and can rarely be bad fresh. The Inula eanyta,

formerly Uonfta tquarrota, a plant not uncommon by the sides of

fields or roads in chalky districts, is deservedly esteemed in the east of

Europe as an antidote against the bites of vipers. It is remarkable
that such an antidote has, in different parts of the world, been sup-
posed to be found in the tribe of Oompotita, such as Mikania guaco,
i'upatorium agapana, Inula vitcota, Prenantha lerpetUaria, Kemoiwa
altimma, &c.

INULIN, Dahlin, AlaniiM, Uenzanlhin, Datitdn (C„H,„0,„f), a
neutral vegetable principle, resembling starch in many of its properties;

it exists in the root of elecampane (Inula kelenium), the llelianthut

tuberotut, the dahlia, and some other plants. The roots are reduced
to a pulp, which is to be placed on a very fine sieve, aud a stream of

water is to be poured upon it as long as the latter is rendered milky

;

the inulin is then allowed to deposit ; the supernatant liquor being
poured off, the deposit is to be repeatedly washed with water till it

comes off perfectly limpid.

Inulin when dry hiis the following properties :—It is a white brittle

moss composed of crystalUne grains, or else a fine and white powder,
which adheres to the teeth. It is insipid, insoluble in cold water, but
very soluble in boiling water ; the solution is fluid, and not gelatinous

like that of starch. When it is very dilute, it does not become turbid

on cooling; but alcohol, not being a solvent of inulin, precipitates it

from this solution. M'hen heated to above ^12°, it melts, and is

converted into a sweetish mass which is very soluble in cold water
(pyro-inWin). Cold sulphuric or nitric acid converts it into the same
substance.

Iodine renders inulin of a brown tint, which is fugitive. Lime-
I water, solution of tin, subacetate of lead, tincture of galls, protosolts
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of mercury, and salts of silTer, do not precipitate the solution of inulin;

the alkalies act upon it as they do on starch.1

DUute boiling sulphuric acid converts inulin rapidly into glucose

;

this eB'ect is also produced when inuUn is heated alone : the glucose

produced imdergoes the spontaneous fermentation when mixed with

yeast.

INVARIABLE (Mathematics), the same word in meaning as Coy-

STAST, which see. There are however two sorts of constants, which it

is desirable to treat under different names : the first, which we may
call a constant, or a common constant, meaning a quantity which is

absolutely invariable ; the second meaning a fimction which may vary,

but which does not vary in the processes required by a given equation.

This we propose to call the invariable fvinction of that equation, or its

invariable.

Thus, in a common differential equation, which is supposed to be

true of y and x when x passes through all stages of magnitude what-

soever, the only invariable is an absolute invariable, or a common
constant. But in an equation of differences, in which x only passes

from one whole number to another, the invariable function is any one
which remains unaltered by changing x from one whole number to

another. Thus [Isteobatios, Finite], instead of saying that the

solution oi &y=x + l is y=4 (x" + x) + c, where c is a constant, we may
allow c to be any function of x, which is imaltered by changing x from
one whole number to another. Such a function is 0(co8. 2tx), so that

the solution is i(x- + x) + ^ (cos. 2irx), and the last term is the invari-

able of the equation.

Again, suppose it required to solve the functional equation ip (x') =
2<^. One solution of this is ^ x=c log. x, where c is any absolute

constant. But the equation is solved if c be a function of x, provided

it be one which does not change when x is changed into x*. Such a

function is

cos. \ 2ir
'^' °^' "

'- V or any function of it,

I log. 2 J
•*

or^j;=any function of cos. -I 2ir .

°°' °^— >• xlogz.

General methods of finding invariable functions, as far as they have

yet been given, will be found in the ' Encyclopaedia Mefropolitana,'

article ' Calculus of Functions.'

INVENTION (in the Fine Arts). This term, when used in the

language of art, has a different signification from what it usually bears

in common language. It does not mean ditcoveri/, but combines con-

ception, or the peculiar way in which an artist's mind takes cognisance

of a subject to be represented, with the mode of treatment, or choice of

objects and manner of disposing them best adapted for producing a

desired effect. Thus, in painting and sculpture, it is the faculty by
which the most perfect mode of illustration, by form or by colour, is

suggested to the artist, and by which the mind of the spectator is led

to comprehend the truth, the intention, and the whole purpose of the

work before him. But so distinct is it at the same time from perfect

execution, that it is often found to exist independently of excellence

in that particular, some of the finest inventions in art being manifestly

defective in technical requirements.

It is hardly necessary to enter into the question whether the power
of invention be a primary and original law of the mind, or whether
the effect of cultivation. But admitting invention to be a gift of

nature, and not reducible to rule, nor to be taught by any regular

process, it still may be improved by study. Whatever natural dis-

position or original capacity may exist—and it will not, we suppose,

be denied that some minds are more bountifully endowed than others

—every power short of creatioa must have groundwork and foundation

on which and out of which to exercise itself ; and even the inventive

faculty, which seems to approach nearest to creation, depends upon
knowledge, by whatever means acquired, for materials with which to

develope and declare itaell

Raffaelle, by the wonderful ability which he has shown in choosing
subjects in which the greatest quantity of matter or incident could
be introduced, and then in representing them at the most critical

moment for illustration, in combining all the most striking and affecting

circumstances, and filling the spectator's mind with the whole story,

by bringing before him, as it were, the past, the present, and even
suggesting that which is to follow, may justly be considered the
greatest master in invention. He was g&ted, if any man ever was,
wi^h the fullest portion of natural and inherent genius, but he attained
bis eminence by the most persevering course of exercise and observa-
tion, as the necessary and only means through which the inventive
faculty could be manifested. He studied nature diligently and pro-
foundly in all her varieties of beauty and expression. Nothing seems
to have escaped him ; everything that offered itself out of her great
storehouse was treasured as serviceable to his art, and he acquired
such an accumulation of materials, to serve as handmaids to his
invention, that whatever subject came before him found him prepared,
and was immediately dignified with all the expression, truth, propriety,
and completeness, ii we may use the word, that it was capable of
receiving. Raffaelle never reached the perfect beauty and character
almost superhuman which appear in the finest works of the Greeks,
nor, in colour, the magic and brilliancy and breadth of Titian, another
master-spirit

; yet, ia the largest and most comprehensive sense of the

quality we have been describing, he stands (perhaps with one mighty
exception) without an equal or a rival.

The examples which may be most satisfactorily adduced in illustra-

tion of invention in the fine arts, both for their excellence and for the
facility of reference, as we are so fortunate as to possess them in this

country, are the Cartoons of Raffaelle preserved at Hampton Court.
Of these the ' Paul preaching at Athens,' ' The Sacrifice at Lystra,'

and ' The Death of Ananias,' may be selected as the most remarkable
for the quality we have been considering. [Cartoons.]
Though in a totally different style, the frescoes of Michel Angelo,

in the Sistine Chapel at Rome, may be equally quoted as triumphs of
invention. The comprehensiveness of his scheme of illustration, and
the greatness and energetic character of hi.s design and composition,
render this one of the finest monuments that art has to boast. In
viewing the magnificent works of Michel Angelo in this chapel, and
of Raff£ielle in the loggie and stanze of the same palace (the Vatican),
the spectator has a series of examples of as wonderful efforts of in-

ventive genius in historical design as it seems possible to produce.
It should be obser\'ed here that invention is quite independent of

the class of design ; its force and power may be displayed in every part
of the art, and in subjects of inferior grade, or even in the mode of

treating colour, light, and shade. Rembrandt, to proceed with further
illustration, is one of those who displayed very high powers of inven-
tion ;

" a genius," Fuseli truly says, " of the first class in whatever
relates not to form ;

" and he justly eulogises his " powers of nature,"
and " the grandeur, pathos, and simplicity of his composition." Thus
also, though the quaUty of his art was not of the highest class, the
merit of invention is pre-eminently due to our own Hogarth. Turner,
again, in a branch of art which by some is supposed to afford little

scope for this faculty, has shown rare affluence of invention, based on
close study of natural phenomena, and great imaginative and analytical

power.
We have referred only to a very few out of the numerous artists

whose works are worthy of attention as examples of invention ; and
have confined ourselves to some of the leading painters, though we
might easily multiply them from productions in the sister art.

Enough however has been said to point out the nature and value of

that high quaUty in design, and to enable the intelligent observer to
recognise and appreciate it when he meets it in the productions of
artists, and discriminate between the efforts of elevated and original

minds and the commonplace performances of mere mechanical imi-
tators.

INVENTION and DISCOVERY. The righU of individuals, as

to the honour due to the origination of new views, processes, or
methods, are matters of constant discussion in the history of letters

and science. It is strange that the subject should never have been
generally treat«<l : and in default of better, we intend to put together
some rude materials for consideration, which may perhaps help the
young reader of the history of science (from which our examples will

mostly be drawn) in forming his opinion of the controversies which
there abound.

Invention and discovery are, for our present purpose, synonymous
terms : in older English, they were always so ; thus, Locke talks of

the intention of sciences. As commonly used, the first word signifies

the formation of something which would not necessarily have existed,

but for the invention ; the second means the finding out that which
always did exist, and would have existed whether the discovery had
been made or not. We all perfectly see the error in the assertion, set

down for correction in the English exercLse-books, that " Galileo dii-

covered the telescope, and Harvey invented the circulation of the blood ;
"

and also the propriety of the assignment of words made by Macaulay,
when he says that the terms in which Machiavelli is usually described
would seem to import that he was " the discoverer of ambition and
revenge, the original inventor of perjury." We can imagine the pos-

sibility of a telescope having never been framed, or a false oath having
never been sworn ; but so long as man exists his blood will circulate,

and feelings of ambition and revenge will spring up in his mind. The
words have some analogy with those of problem and theorem in

geometry : and particularly in this, that invention must be ultimately
a suggestion of discovery. The inventor of modem ink, which till his

time had never existed, discovered that a mixture of galls and sulphate

of iron would produce a durable dark fluid ; his invention consisted

in the application of his discovery to the art of writing. In this

manner it may be asserted by some [Bacon, RoG£it, in Bioo. Div.]
that Roger Bacon discovered the telescope. There mvist be a discovery

preceding every invention ; but it does not follow that every discovery

leads to invention. But yet there are some cases in which the pre-

ceding definitions fail to describe the actual use of words ; for example,

bichromate of potash was never found in nature, never discovered ; its

elements were compounded in the laboratory by its inventor. But
the chemists would not call this an invention, nor anything but a dis-

covery ; we should recommend them to draw the distinction, as useful

to the memory in relation to the history of their science.

There is in the words discovery and invention a tempting resem-

blance, often just and often fallacious, to those of theory and practice.

But in fact each of the things must bo subdivided into theoretical and
practical. The effect of the non-spherical form of the earth upon the

moon's motion was discovered theoretically; the variation and the
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«T«ctk» were diMOTond pnetiodly. As to faiTUtioM. we cell Davy'*

kfety bmp A theoreUeel faiT«BtioD : for the quertion given wm how to

OTanwme aoerlain daager,(«nenUy ; and it waa not even aanuned that

• hunp waa to be oonatmetad. Bat the common story of the boy who
kTed hia labour by tying a itriog from the Tahre be was employed to

open and shut to a part of the maohinery which moved in such a

m«niw»r Bs to do it for him, ia, if tnie, a record of a practical iuTention.

Still there ia truth in thin, that practical men, properly ao called

[Theort IXD Piucticb], have inrented oftener than they hare dis-

covered ; and that theoretioal men have disoovered mora often than

they hare invented.

It is DO wonder that the early history of discovery should be con-

fused and unowtain : the loss of documents, which operates on all our

first knowledge of antiquity, is a sufficient explanation. Nor is it

sur]>rising that first writers should be persons of imsettled claims ; that

in the case of Euclid, for example, we should not be so well able to say

where hia discoveries began as where they ende<l. But it does soem

strange'that in matters ofourown day, or of that immediately preceding,

it ahould be a quustion to whom a right of discovery should belong,

when the only tangible matter is a book, to the date of the publication

of which thoe is every possible attestation.

There is one most important preliminary consideration, which will,

in the minds, of those who for the first time give it due attention,

change the face of the whole question. When the period arrives at

which a disoovery becomes possible, there are many courses which lead

to it, and manv ships sailing on each of these courses. The analogy

may be carried further. When a new island is discovered in or near a

frequented track, so soon as a ship of some one country oasts anchor

in a port and takes possession, it may be afterwards found in some logs

that something like land had been suspected before, in others that

land birds had been seen, in others that the colour of the water was
noted, in others that an alteration of the current was observed, and so

on, all near the same point, and any one of which might have led to the

discovery, if the hint had been followed. It is the same in matters of

science, to an extent which will not be easily credited by those who
are unacquainted with its history. And this greatly enhances the

merit of most original researehes. It is much to the credit of Newton
that Huyghens had gone so far as to determine the conditions of

circular motion, that Qrimaldi had noted the effect of the prism

on light, that Femuft and Cavolieri had all but discovered the

method of fluxions. The character of accidental good fortune

disappears when we see that the progress of knowledge seems to

bring new results within the possible reach of many, but within tlie

actual grasp only of one. Is there then nothing accidental in discovery

and invention ? We answer that there is something, but that the

accidents which might produce discovery are happening to all, and
frequently ; while the accidents which do produce it happen to those

only who are ready to take advantage of them. But this, it may be
said, is reasoning in a circle ; for if we are asked bow we distinguish

the person who u ready to take advantage from the one who is not, we
have only the disoovery to point to. We reply, tliat it generally

happens that the persons who can thus fix a casualty, are also those

who give evidence of successftd research in cases where fortune shows

no special favour. It was by a mere accident that Mr. Baily [Flam-
(TEKD; BiULT ; in Bioo. Drv.J bought a house opposite to the possessor

of a lane btmdle of Flamsteed's letters, and nothing more that the

fact of uieir existence came to his ears. Many perhaps had seen them,

and either taken it for granted that the contents were all in print, or

been unable to judge of their value. But the life of Flamsteed is not

the only evidence of Mr. Baily's success in a point of astronomical

history : there was no aoddsnt about the editorship of the old cata-

logues. It is said to have been by a casual effect of sun-light at a

whidow that Malus discovered the polarisation of reflected light ; but
then Malus was a profound optical investigator. It is our conviction

that no accidents are valid except those which happen to the proper

men at the right times ; and that there are usually other means of

sboiring this besides the suooeas of the aoddents themselves.

Before we can examine the title to a discovery, it must first be
slllwl what the disoovery is : and this is frequently the greatest

difllenlty. The case of the steam-engine is constantly under discussion

;

and the principal point at issue is, what is the steam-engine. Heron
of Alexandria certainly produced rotatory motion by steam, and with

sufficient funds, could have ground all the com in Egypt by his

metliod. If we assign the merit to the person who contrived such an
•eonomy of fuel as to place the use of steam on somctliing like its

pfsasnt footing of oonvenienoe, it then becomes a doubt whether any
anept Watt has a claim. M. Arago remarks on this subject, that a
watcwnaker would be struck dumb by the question, who invented a
watch 1 The thing as it now exists is not the invention of sny one
person. So lonir ss there is any national feeling in the discussion, one
or another definition will be proposed, constructed to suit the advocacy
of one or aootlier claim. We have not hero to settle the oases which
we cite; it is enough that they illustrats our point.

It may happen that in a complicated instrument or method, the
perfecting of whidi extends over a long period, there is some one dis-

tingtdahing characteristic the introduction of which marks the main
pocli of the invention. In the case of the watch, for instance, if we
Mk lor tba di»UiiuU»» definition of the tenn, we find that it is not

merely an instrument for measuring time, which would include

the clepsydra, nor an application of wheel-woric for that purpose, which
would mclude the clock ; but it is the use of a spring for the regulator

in which consists the distinction between a watch and other horologes.

In a similar manner we look upon the additions made by Vieta to the

mechanism of algebra as constituting the main groundwoilc of what
now bears the name. But it woiUd be exceedingly wrong to say that

Hooke invented a watch, or that Vieta invented algebra : things done
before and after both essentially belong to the ideas we mean to

convey by the words. But it is not an uncommon practice of writers

to strip a word of all its accessories, and to attribute (justly enough
perhaps) the invention so cut down to some one person, and then to

clothe the word with all its most modem associations, and the

favoured inventor with all the glury which ought to be divided among
many. When the steam engine is reduced to a tea-kettle, or at most
to a pump, it is Avery, or De Cans, or Worcester, or Newcomen, or

Papin, 4c., &c., who invented it, according to the country or the

fancy of the writer ; but when once the claim is established, the tea-

kettle throws out a condenser, and the pump runs along the railroad

at sixty miles an hour.

The common sense of the law requires that the applicant for a patent

should make a distinct specification, not merely of what he intends to

construct, but of that particular part of the contrivance which he
claims as his own ; and here a claim upon anything old, or an ominsion

of anything new, vitiates the patent. [Patent.] The cases which
have occuired imder this law would be good study for those who
write on discovery.

It may indeed happen that the amount of claim may be materially

augmented by the view which the discoverer takes of his own title.

Columbus inferred, on true principles, the possibility of crossing the

Atlantic, spent the energies of a life in procuring the means of ""tUng

a trial, and is therefore properly and truly the discoverer of all the new
world : the Northmen who had visited it long before did not promul-

gate their discovery, and it might as well be given to the aboriginal

inhabitants of the continent itself as to them. It does not depreciate

the merit of Columbus that he could not but suppose he should reach

India or China : these were the certainties at which he aimed, and
which he would have reached had be not been stopped by the inter-

mediate continent which ought to bear his name. Had Heron, when
he first announced and executed his revolving boiler, been able to point

out that it was a method of producing force from fuel, which might
supply the place of hiunan labour—that all which remained vras

adaptation—and that skill in the use of this new kind of force would
make it a substitute for the strength of men and beasts— it would
have been difficult to have denied him the title of the discoverer of the
steam-engine, and the inventor of the first step.

Among the consequences of attempting to describe discoveries under
too genenl terms, is this, that both things and persons are allowed to

clash unnecessarily. It is not always, to be sure, that this goes such a
length as procuring for Dalton's atomic theory the character of being

a republication of the notions adopted by Epicurus from his )<re<le-

cessors ; if it did there would be less harm : there are many theories

between which mischievous confusion is more easily brought about
than between those of the philosophers of Athens and of Manchester.

The nomenclature of science is perplexed by phrases of no precision

—

as that Newton discovered gravitation, instead of a true explanation of

the heavenly motions by means of univenal gravitation—that he first

advanced the true theory of astronomy, which he did in one sense, and
Copernicus in another ; whence the provinces of the two are frequently

confounded. It must also be noticed that a mere opinion, the result

of choice between several, one or other of which must have been taken,

is confounded with the same opinion advanced and supported by
reasons. Thus Philolaus and Aristarchus asserted the motion of the

earth, and Copernicus is said to have only revived their opinion. The
difference between the two cases lies in this, that the ancient philoso-

phers merely asserted their )>elief, the modem one made his hypothesis

the means of aeoounting for all the known motions of the heavens,

diurnal, annual, and preoessional.

The specification, to borrow a term, having been agreed upon, the

next question is, what constitutes a claim to Recovery t The answer is

priority of publication. If,as has often happened,two persons should dis-

cover the same thing about the same time, the one who first publishes

is univetaally recognised as the discoverer; for 'discoverer' either

implies priority, or is an abbreviation of the words ' first dincoverer.' Of
course if a fraud can be proved, if it can be satisfactorily nhown that the

first publisher stole his matter from another, he would not be allowed the

advantage of his wrong : but the onus of proving the fraud Ues entirely

upon the aasertor of it, and, until the evidence and verdict arrive, the

first publisher is in possession. The reasons for this rule are not alto-

gether thuso which exist for the rule in law. The objects of the latter

are the protection of private rights and public peace ; or rather the

assignment of private rights in such a manner, as best, in the long run,

to promote the welfare of the community, and particularly its peace,

without any great shock to the natural feelings of equity. It is not

difficult to conceive a class of cases in which men would gladly give up
a small per oentoge of decisions consonant to natural justice, or what
is so called, for the sake of a rule which would present decided ad-

vantagea •• a rule, in the imperfect state of private morality. But the
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object of the scientific historian is truth for its own sake ; he haa

nothing to do with conventions made for the sake of peace.

This nile, that first publication gives the right, until the contrary is

proved, is adopted for the sake of its own probability as a starting

point. Select at hazard the name of a result, and of its first

announcer ; no doubt will exist in the mind of any one, used to the

history of science, that it is at least fifty to one the name of the real

discoverer is thus given. But if it be the fact that the discovery was
made at an earlier period, and if that fact can be established, the

history of the human mind must not be falsified by adherence to a

rule. If, for example, it could be made out, from internal evidence,

that Archimedes must have had an algebra and a differential calculus,

which deference to the notions of his time prevented him from pub-

lishing, it would never do to let the formal claims of Leibnitz and
Newton prevent the allowance of that of Archimedes : for then would
result the suppression of the actual fact, which, if true, would be of

great consequence, namely, that the Greek mathematics were powerful
enough to lead their best minds to the discoveries of modem times.

We insist upon this because we have observed a considerable tendency
in writers of history to establish a nde on legal grounds of peace and
convenience. There is also a confusion between two distinct things

;

the claims of history, and the claims of the individual : the former
demands true facts, the latter just appreciation of his merit. By a
perversity of the human mind, Newton and Leibnitz would lose fame
to-morrow, more or less,—that is, more with some and less with others

—if an undoubted manuscript of Archimedes were to turn up, showing
that he possessed a formal differential calculus. We are apt to assign

praise to mere priority, independently of originality, and to withdraw
it on failure of priority. But it is forgotten that the merit of priority

only lies in this, that the earlier an invention or discovery is made the
ruder are the methods and instruments, and the fewer the hinta to

which it is due. For example, D'Alembert re-invented Taylor's theo-

rem [Taylor, in Bigg. Div.] in, or shortly before, 1754. He has all

the merit due to the discovery, as in 1754. But could it now be
proved that Taylor's works, tc, were recent forgeries, so that D'Alem-
bert should stand as the original inventor, it would be impossible to

put him in Taylor's place ; the differential calculus was in two very
different states in 1716 and in 1754.

There is also an injurious tendency to stand by the fixed rule as a
thing of good consequences, in the way of punishment or stimulus :

and certainly there is no denying that if it were but right to substitute

in history the thing which is not for the thing which is, there are
advantages arising from the adoption of the rigid nile of first pubUca-
tion. Tartaglia [Tabtaolia, in Bioo. Div.] suppressed his method for

cubic efjuations from a selfish motive : Cardan, to whom he had com-
municated it under promise of secrecy, published it, with a sufficient

acknowledgment ; nevertheless the rule always goes by Cardan'^ name.
There is little to regret here : Tartaglia waa willing, simply that he
might be able to puzzle his contemporaries, to retard the progress of
algebra ; it is not certain that he ever would have published his dis-

coveries. The public has rewarded the individual to whom they were
indebted for knowledge by affixing his name to the rules he announced.
If it were un<lerstood that the name attached to any scientific result

was always that of the first publisher, saving all the rights of history
over the truth of the discovery, this and similar acts of nomenclature
might be a satisfactory use of the norma loquendi. It has sometimes
happened that individuals have deposited sealed ]xickets with pubUc
scientific bodies, to preserve their rights in the event of any one else

arriving at results which they wished to avoid making public until
they had followed them out to their remote conclusions. 'This practice
is one which would not prevent the name of any other person from
being attached to the contents of the i>acket, if he came independently
by the same results, and published them before the packet was
opened, though unquestionably the packet would prove the privity of
the depositor.

The next question is, what constitutes a sufficient publication. And
here the answer is, that the only mode which can give the discoverer
no further duty in the matter, is the press. If any one should prefer
written correspondence, public lecjtures, or oral conversation, it must
be at his own risk. A printed book, pamphlet, magazine, or newspaper
which any one who likes may buy, is a record of the court of history
from the day of its appear<mce : but any other mode of communica-
tion, which is of its own nature not addressed to the public at large,

must be put in and proved before it can be available. A communica-
tioi! to a scientific body, for example, is only so much better than a
letter to a friend, as it is more public and more easily proved : but
unless it be published in the transactions of that body, in which case

it ranks with a book from the date of publication, it will require sub-
sequent establishment. There is, however, always a difficulty with
regard to such communications, particularly when the transactions of
the academy in question do not appear till some time after the reading
of the memoir. It is impossible to know what an author has added as
the paper went through the press : that is, if a contest of dates should
arise, it will always be necessary to assume the date of publication,
imless some proof can be given that the memoir as published is, iu the
matter under dispute, the same as that which was originally com-
municated. It has hap|:i«ned before now, that a communication pre-
sented has been almost entirely remodelled before it was printed. Wo
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have little doubt that, in course of time, bodies which publish trans-

actions will find it necessary to require that authors should either

print their communications as presented, or date such additions as

they feel desirous of making. Since these remarks were first written,

some of the scientific societies have enforced attention to these

points.

The most remarkable question of publication that ever arose was
that relative to the invention of fluxions. [Fluxions ; Commercium
Epistolicum.] There never was a case in which it was more necessary

to consider the rights of history, and not to judge by any fixed rule.

Newton, unquestionably the first inventor, made no publication what-

ever at the time : an anagram, or transposed sentence, cannot be looked

upon in any other light than as a sealed packet. Leibnitz has ac-

cordingly the full merit of an inventor, and priority of publication.

Newton has given proof that he could have published it, if he had
chosen. He is the first inventor ; Leibnitz is the benefactor of the

world.

It frequently happens, as before observed, that independent dis-

coveries take place about the same time : there is no doubt that such
is the fact. \Vhen the publications take place very nearly at the same
time, particularly when they are in different countries, it is easy

enough to admit the real independence of the two. If the same thing
should appear in the notices of the Royal Society and the Comptes .

Rendus of the French Institute within a few weeks of each other, the

presumption is strong in favour of neither writer having had a com-
munication, directly or indirectly, from the other : and this presump-
tion must be rebutted by any one who desires to prove plagiarism.

But as the interval of time becomes greater, the presumption, so far as

it is derived from time only, is weakenecl. In such a case, the internal

evidence of the writings themselves must be carefidly looked at. There
is usually a very great difference between the modes in which different

investigators arrive at, and even in which they state, the same con-

clusions : those who would do a dishonest thing might know this as

well as others, and might endeavour to counterfeit originality. To
detect the base metal is not always easy : to prove its baseness is next "^

to impossible. But it mostly happens that really independent investi-

gators carry their results to different lengths ; one will go further in

one part of the subject, another in another.

As may be supposed, the most disputed cases are national ones

;

including in that term the schisms of different classes in the same
country, as the scientific feuds of universities, of literary societies, &c.

And between people of different countries and governments, the
question arises in two distinct ways, not only as to the definition of

the discovery itself, and the priority of publication, but as to the
country to which the discoverer is to be said to belong. And here
there seems to us to be a necessity for a distinction which is rarely

made, and no wonder; national pride is the mortal enemy of dis-

criminative argument. All people like to believe that their race is

gifted by nature with talent, and that their public policy is calculated

to draw it out. For proof of this they appeal to their great writers

and thinkers, among whom they include all whom they have drawn
into their country, and all whom they have driven out. Now it is

clear that the eminent men who have been induced to settle in a
country not their own, may be a credit to the institutions, but can be
none to the race, of their adopted coimtry ; while those who are driven
away may do honour to the race but not to the institutions of the land
from which they are exiled. Take the cases for instance of Lagrange
and De Moivre. Lagrange, who, of many offers made to him when he
left Prussia, preferred that of the king of France, resided in that

country from 1787 till his death in 1S13, was exempted from the
expulsion of foreigners ordered by Robespierre, and received, during
all governments from the old monarchy to the empire, every possible

honour and aid,—is a gre.ater credit to French institutions and feelings

than if he had been bom in their country. But so far as blood is

concerned, he is almost wholly Italian, having been born, and
established his first reputation, at Turin ; his mother tongue was
Italian, and his first work was published in Italian. It is said, we do
not know on what authority, that his great grandfather was a French-
man, which may entitle France to claim the eighth [jart of him. De
Moivre, on the other hand, born of French jjarents and educated in

France, was driven from his country by reUgious fanaticism, and none
of his works were published either in France or in French. Whatever
credit his talents may do to liis race, he is the disgrace of their

institutions, as to the time in which he lived. Not that he received

such encouragement here as would entitle us to say that the honour
lost by France waa wholly gained by England. While picking up a

scanty living by private teaching, the only way in which he could find

time to read the I'rinoipia was by tearing it leaf from leaf, and carrying

a leaf in his pocket to look at while walking from one pupil to .inother,

or at any other chance interval.

There is much absurdity in the mode by which national prowess in
matters of discovery is tested. A few of the very first names are m.ade
the only subjects of com|>arison. There is some presumption, certainly,

that the great names are the best of many, and that the plants are

most numerous where the largest plants are found. But this presump-
tion must not be urged when an attentive consideration will settle the
question without it. Archimedes was the greatest of the Greek
mathematicians ; but Sicily was not therefore the most celebrated iu

31-
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.. of all the euuntriM in which OrMoe h«l coloniacd. So far

it, Uut when in the rixtaenth century Mkurolioo Uv*d and wrote,

the foUowing apignm wm made upon him—

T* qaoqa* ImeU talll, Miarol.n«, n*M la nno

Oats 8]mcado SlecUs or* mdc.

Th« mo«t difficult question of all i« undoubte<llv what degree of

merit belongs to a discovery, and the aettiotnent n{ the question where

in the liA it places its author. The public in general judges by
utility; whereas it is notorious thnt many discoveries diow more
power of mind than other* of much greater value to the world. The
rule of utility is a good one for mankind in general ; but it must be

taken with modification by the historian of science. Who has most

benefited his spodes, and who has shown himself most above his

species in intellect, are two different questions. The merit of the

inventor, and bin genius, are not oumparable quantities. The merit is

determined tiy the study, the personal risk or inconvenience which it

was requisite to undergo, the pstienoe and perseverance which must
have been shown, and the goodness of the motive which ap|>ean to

have actuated. The genius is the greater the leas the pain nnd laluur,

and is wholly independent of moral considerations. A p.itient Hcboul-

boy who multiplies one number by another with time and care, has

more merit than the wonderful youths who have sometimes appeared,

and who can do it in their hi.-a>l« ; but the first has far less mental

power, in this one line, than the second. All these things are plain on

the finit statement; but thoy are far from receiving due attention,

and will so remain until the history of discovery is written without too

much deference to [lopuLar reputation.

We may mention, as a thing to be gii.irdcd against, the disiHisition

to depreoiate a discover}- beciuse it is not something more than it

pretends to be, which is frequently combined with a wish to judge of

Its merit by an arbitrary A priori standard of what it ought to have

been. Sturm's theorem is a very pretty instance. Before it appeared,

/ a purely theoretical and strictly certain metho<l wjw eagerly sought

after, and any such, however difficult, would have been held a great

gain. The object is at last attiined, but iu a maimer wliich is trouble-

aoOM to use. To look at the w.iy in which some writers now mention

it, one would suppose they had entirely forgotten how many investiga-

tors of the first order had given up the subject without producing any

method at all.

Since the preceding article was published, many confirmations have

arisen of our asnertion that for the most pai-t discoveries are made by
more than one person when the right time .arrives. The eighth

aateUite of Saturn was discovered on one and the same day in England

and America ; and several of the smaller planets, those specks of

\ which there are hundreds, perhaps thousands, in our system, have been

twice announced within a few days by observers of whom the second

was ignorant of the success of his predecessor. But the most
remarkable case of simultaneous investigation which ever occurred

was the solution of the inverse problem of gravitation by Leverrier

and Adams, which resulted in the <liscovery of Neituse by Galle, at

Berlin, on information furnished by Leverrier. It is not our intention

to enter on this celebrated case : we shall only make a remark on the

diacnasian which it produced. [Abteroidb.]
It soon became apparent that in the scientific world, both of

Bngjaod and France, the word puUiration retains its old meaning,

thongh in common langtuge it now means circulation by help of the

pi 81 To publish is, in science as in law, to make knon-n to others,

DO matter how. Some little disposition was shown by a few to con-

found publication, the genus, with printing, the speciea ; but without
producing any general assent. And a reference was nuule to Warin;i't

r»U, a phraae of which we gave no explanation in the preceding article.

We proceed to supply this omission, because we have since heard it

cited as the rule to which men of science api>eal in matters of priority.

Thmr follow, it is said, the rule laid down by Waring, that the first

publisher is to be held the discoverer : and it is frequently insisted

that this word publication is used in the modem and restricted sense.

Waring (' Me<lit. Analyt.' pref. p. ii, 177'i) »|>eaking about a claim of

John BernouUi to something which had been shown Ixjtb by Newton
and Leibnita, aa having been found by himself before he had seen
their vrritinga, spedu as follows :

—

"Btd BSOM potrst rme lestb tn lasii jnrtes, ti mlhl •emprr dicendnii nt
tenaUir, qni primua erulitsTit, rcl mllrni com •mlein communicBTit, rlx pnim
iBTnUuir sliquU, di|n>a* mstlirmatici nomine, qui tie nio Infenln mnlta
sarlplannD priorom riperta bsad detexiu"

Hiat is to say. Waring held the inventor to bo tlic first who enii/o/rs
—taDsto all, no matter how- -or at le.-utt tells to his own friends. And
ia truth even these conditions are not so much Waring's rule, as
^viai^ examples of the way in which discovery may be proved
under nis rule. That rule is tmplierl in his opening dictum, that no
man m» be his own witneai ; that is, evidence distinct from his own,
and sufficient without it, must be produced. And this is common
amae. A man must prove that he is the diaooverer : it ia not enough
to prove that he is cither the disoovanr, or a selfKleeeiver or a rogue.

For ounaivaa, we admit no ri(^ in any one to Uy down a rule : or

'f we should be presaed to state some rule, we can only say that
we hold by the rule in Chrononhotonthologoe :

—

" Oo I nil a eoseh I and let a soaeh be oallsd I

And lei tht man trko calMh ht Ik4 callrr !
"

Let the man who discovers be held the discoverer ; and let evideAee

settle who that man is : and let evidence be that which makea
knowing and reflecting men believe ; we know no other definition.

And if knowing and reflecting men be seriously divided in opinion, let

it be held undecided who is the discoverer. The reason of this rule is

that it always has been the rule, is, and aln-ays will be the rule. The
attempt to lay down a law of assignment of discovery has not succeeded :

the law is quoted with respect until a dispute arises, and then all the
facts of the case are discussed, which is tantamount to a downright
refusal to obey the law. For it is to be observed that the rule of first

publication is of no import except in its negative or prohibitory

character. That the first publisher, no other fact except first publicji-

tion being on the record, shall be held the discoverer, needs no
reduction to rule : it is mere conclusiou of course. The asserted rule

means that first publication shall exclude from the discussion all other

considerations of fact, or shall be c<mclusive agMUSt them, if introduced.

This it never has been, and never will be.

INVENTORY. [Execctor]
INVERSE, INVERSION. Any two operations of algebra are said

to be inverse when one of them undoes, so to speak, the eSbct of the

other; so that if both be successively performed \ipon the same
quantity, the result is that quantity itself. For insL-mce, the operations

implied in 1 -hx» and -/ (i- 1) are inverse to one another; for

1 {V^-l}'= *. y/Tl + 3i'-l)=x.

We need do no more than name addition and subtraction, multipli-

cation and division, raising of powers and extraction of roots, as pairs

of inverse operations.

The operation of inversion is the solution of an equation and vice

vend. Let it be required to find the operation inverse U> ^i. Assume
^a;=y, and find x in terms of y ; say .t = \fii/, then ^('^y) = y, or f and

<fi are inverse operations^ Thus if x'-2x=]/,x=l + v'jf-fl, and

either of the two, 1 + ^ x + 1, or 1 — v'x-^l,is inverse to a* — 2r.

It thus appears that a function may have more than one inverse

function, and there are fimctions which have an iufinite number ; but
there is a distinction by which one m.iy be separated from all the rest.

Let the Greek letters in this article be all functional symbols, or marks
of operations to be performed, and let them come before the subject

of operation, the q\i.tntity x, or y, &c., in the order in which they are

to be performed. Thus a^x denotes the result of ]>erforming the
operation ^ upon x, and then the oiieration a upon fx. Now let

^x= z pre x=^<^!, where ^x is an tmambiguous oi>eration, and ^r is,

generally 8[)eaking, ambiguous, or presenting several different forms.

Then (^ and i^ are inverse operations, and y if 2= z, and Ave might sup|>ose

at first that x-^litpx; that is to say, we might imagine that ijf destroys

<p as well as that ^ destroys if'. But since ^ is ambiguous, it may be
that only one or more of the forms of i^ will satisfy x=ili^x, and not
all ; and that this will be the case with one is obvious, while we can
show that it cannot happen with more than one. For though tlie same
oi>eration. performed on different functions, may produce the same
function, yet different operations, performed on the same function,

must produce different fmictions. If then a and /3 Ixs different forms
of \fi, we have ^ax=x and ^$x=x; but we cannot have lH)th a^X!=x
and $^x=x, where a and /S ore different, ^x having absolutely the
same form and value in both e<|uations.

From all the inverses of a function p x, then, we feeparate that one,

ax, which gives both ^ax= x and apx=x, and call it the convertiblt

inverse. Ita symbol is ^~', so that ^~' x means that operation which
satisfies both the equations ^^—'x=« and <l>-'(px = x. [Exponent.]
In the preceding example l-l- Vi^ + l) is the convertible inverse of

3i'-2x: tarl+-^(^-2x+l) = l +x~l=x. B\itl-y/jfl'-2x+l
giveel-(x-l) or B—«; and we call 1-V(* + 1)m> hicontertible

inverse.

Every function which has more than one inverse is not only a
function of x, but the same function of other functions of x. Let ax
be an inconvertible inverse of x ; then afx is not x, let it he u x.

Then fax being x, <p a f x ia f x, or f a x is f x, so that ^ x is the same
fimotion oi tix which it is of x. Thus in the preceding example X* — 2x
is the same function of 2 — :f which it is of z ; or

x!'-2x={2-x)'-2{2-x).

We have then this theorem : every function has as many different

forms as inverses, and all these forms can be miulo by writing different

functions of x instead of x in the original function ; and each inverse

of the function is the convertible inverse to one of its forms, and an
inconvertible inverse to all the rest. Thus 1— v'{J?-^ 1), which is an
inconvertible inverse to a-*— 2 j;, is the convertible mverec of (2— j;)>

—

2(2- J-): for

\~y/ ( {2-x)*~2(2-x)+l\=l-(2-x-l) = x.

The way to make the convertible inverse of a given function find all
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the rest is as follows. Find the solutions of the equation <pux= tpx,

and let them be w, jt, WjO-, &c. Then tp-' .c being the convertible
inverse of <px, the remaining inverses are w, iji-' x , w., 0—' u; &c. Thus
in the preceding example <p~^ x being the convertible inverse, the other
is 2 - 0-' X. [Periodic Functions.] There is a remarkable class of

functions, each of which is its own inverse, such as 1— ar, -, V (1—ar=),

X
4c. Now if J-= (()-' a; we have ifxpx — x, and these functions will be
considered, in the article just cited, as periodic functions of the second
order.

The equation 00—'a:=x being understood, suppose that between
the first and second operations we interpose the operation a, so that we
have 0O0-' jr. This is no longer equ.il to ./•, but it is a function, the
properties of which are closely connected with those of ax. For
instance, if o a and 0x he inverse to each other, then o 0-' x and
030~'j; are also inverse to each other: for aPx=x and 0o0-'
f0^0-Ma:iB0o0-'0/3 0-»jt,or0oj8 0-'x, or 00-' i, orar. Thus

knowing x -t- 1 and x—l to be inverse functions, we know immediately
that log («' + 1) and log («»—l) are inverse functions ; and also \/(x- + \)
and V (•a^— 1). For more detail on this subject see the article ' Calculus
of Functions,' in the ' Encyclopjedia Metropolitana.'
INVERSION, in Miuic, is a change in the relative position of two

sounds, or of the several notes of a chord. Thus, D, an interval of a
2nd, becomes by inversion (d c) a 7th. Example,

—

And OEO, the notes of the triad, or perfect chord, by inversion

become the chord of the 6th (e o o), or of the -jth (o o E). Example,

—

For other musical inversions, see Canon and Fdque.
INVESTITURE. [Fepdal System.]
INVOLUTE AND EVOLUTE (the curve unrolled and the curve

from which it is unrolled), a name given to two curves so formed and
placed, that supposing the second to be cut out from soUd matter, the
first can be formed 1^ fastening one end of a thread upon a point in
the second, attaching a pencil to the other end, and moving the pencil
so that the thread may either gradually enwrap or be unwrapped from
the curve to which it is fastened. Thus the pencil in the diagram is
describing the involute of a circle, or the curve of which the circle is
the evolute. But the evolute of a circle is evidently a point.

The following figure represents an ellipse with its evolute. If the
thread be fastened at b, wrapped over 4 a, and continued to A, it will,
ai it unwraps from a b, describe the arc a b ; and B a' while it wraps
oyer 6 a'. It fastened in a similar manner at 6', it will by the same
proceM describe a b'a'.

If the line p F be drawn tangent to the evolute at p, it is one of the

poattions of the thread, and F T, the tangent nf the involute at F, is

perpendicular to p F. Also p P is the radius of curvature of the

involute at r ; this is to say, no circle can pass so near the curve at F,

as the one which has p for its centre and p P for its ra<lius. [Curva-
TUBc] Also, any arc of the evolute is the difference of two radii of

curvature of the involute : thus the arc ap is the ilifTerenco between
a A and p p. Snch are the principal geometrical connections of the
two curve*.

Every curve has one evolute, and an infinite nunaber of involutes.

For instance, fastening the thread at b, and continuing it to M instead

of A, we may with the cheeks a b and b a' produce another involute
from them (represented by a dotted line) ; and any number, however
great, by varying the position of M. But none of these involutes will

be ellipses, except the one from which the evolute was made ; though
they will all be ovals having remarkable analogies with the ellipse.

The proper name for curves described from the same evolute is

parallel cicnes, since they have the fundamental property of parallel

lines : for they never meet, though (if they admit of it) ever so far

produced ; a straight line perpendicular to one is always perpendicular
to the other ; and the part of the perjiendicular intercepted is always
of the same length. When arcs of parallel cur\'es are required to be
laid down, the most commodious method of proceeding is to construct

the evolute of one of the arcs approximately, as follows. On the arc

draw tangents at moderately small distances, and draw perpendiculars

to those tangents. The parts of the tangents cut off from each by its

neighbours will together give the arc of the evolute near enough for all

purposes. And it may be well to notice that it will be a sufficiently

accurate method of drawing the perpendicular to the tangent at a point

P, if we take a small circle whose centre is p, bisect the arc A B in C,

and join and produce p a

The angular error thus committed is only a small portion of the
angle made by the tangents at p and A.

Whenever the two arcs adjacent to a normal (or perpendicular to the
tangent) of the involute are equal and similar, there is a cusp in the
evolute ; and the evolute generally recedes without limit as we approach
a point of contrary flexiu-e in the involute.

The mathematical method of finding the evolute is as follows. Let
y=0xbe the equation of the involute, and let x and Y be the co-

ordinates of the point on the evolute corresponding to that on the
involute whose co-ordinates are x and j/. Form the three equations

—

y= <t>x;

yi-x+$(r-
ax

1 + (2)"-3<'-'>=«^

and from them eliminate x and »/. The resulting equation between
X and Y is that of the evolute. But if the evolute be given, and the
involute is to be determined, let Y=y X be the equation of the former,
and from this and the latter two of the preceding three equations
eliminate x and Y. There wUl result a differential equation of the
second order between y and x, among the primitives of which is the
equation of the involute. But the differential equation of the involutes
is one of the nngular primitives of this equation of the second order,
and the question is most easily treated in the following way. Find the
differential equation of the curves which cut all the tangents of the
given evolute at right angles : tho.se curves are the involutes require<l.

Thus if the curve be a parabola having the equation y= c x^, the
equations for determining the evolute are—*

y= c3?;
x— x-\-2cx(x--y) = (l;

1-I-4(Ab2— 2c(T— y)=0;

from which we find—

x= —i(Px\

which give T = -Lf-L('''^*

Y= — -f 3ca;-;
2c
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Um eqnaUoa ot the evoliite of the panboU, whioh evolutfl therefon
>»>«»i to be what it oUled a trmi-oMcal pwaboU.
Foreror eouidentioDs (11111107 to thoee which precede lee Caubticb.
INVOLUTION and EVOLUTION (AnthmeUc). Taking then

worda in their et^rmological annae, they might stand for the greater
part of mathemattoal anatjna. In their t<>chnical algebraioal aenae,
they mean only the raiaing of powera, and the inverae operation, the
extTiUtion of roota. The reriTal however of a gmeral praoen, aooom-
pani«d by an improreaMnt which nukaa it comparativehr eaay, render*
it neeeaaaiy to malu> a more exteoahre definition of the term*. We
ahall not relinqaiah any charaeteiiatio of the uld moaningii, and aballMy "II oorreepooding prooaaaaa together, by laying down the fol-

lewiag ddbiition :—Involution ia the performance of any number of
iiiiinaive multiplicationa with the aame multiplier, intemi)>t«l or
not by additiona or aubtmctiona; and evolution ia any method of
finding out, frcim the nsidt of an involution, what multiplier waa
employed, provided tliat the aaid method proceed by involutiona.
Thua to detennuie 2je» + 4i*—8*+ 10 by involution, we multiply 2 by
s and add 4 ; then moltiply by x and subtract 3, then multiply by x
and add 10. If thiagive loon, then any method of determining ar which
irooeeda by aueoeaaive involutions is evolution.

Forty years ago our only instances of evolution would have been
eooimon division, and the extraction of the square and cube roota,
with references to Vieta, Harriot, Oughtred, and the older algebraists
in geoetal, for evolutionary methods of solving equations, bearing a
strong likcDeaa to such extracUons. But since the publication of Mr.
Homer's 'Now Method of Solving Equations of all Orders,' ' PhiL
Ttaaa.,' 1819, the process whioh haa rendered it worth while to propose
the preceding extenaion of terms has been in the hands of mathe-
'"•^''^''i'' t'or a more detailed account than we can here give, the
reader ia referred to the paper just cited, which is reprinted in the
• Udiea' Diary ' for 1838, or to • The Theory and Solution of Algebraical
Equations,' by Professor Young, of Belfast (London, J. Souter, 1836).
We should begin with simple division, and the extraction of the

square and cube roota, if we were writing an elementary treatise. But
taking it for granted that the reader is familiar with the first two, at
least, we shall proceed to describe the general process. This consists
of three distinct parts, the first two of which have been long known,
while the third, which contains the peculiar distinction of this method,
is due to Mr. Homer.*

1. In the article AppBoxniATiox it is shown that if a be a value of
X which makea^ very smaU, then a—(i>a-i-<p'a) is a value of x which
makes^ much smaUer ; so that a continued succession of approxi-
mationa may be made to a value of x which makes fx absolutely = 0.
Hera fz meana the differential coefficient or derived function, and if

r=*J:" +Bj*-' + cr"-' + ; then
'j:=aaj--' + (»-l)ar«-' + (»—2) (W-* + . ...

2. Meaning by a root of ^, any value of x which makes ^= 0, it is
obvious that ^(x ) a) is a function which haa for its roots the roots of
fx, each diminished by o. And the substitution ot x + a instead of xu the precetiing value of ^ gives a well known development, of
which an mstance will be more to our present purpose. Let the
function be

AJ:« + Rr« + cx> + Dx« + tc + F (1).

Write x4-a for X, and Hub beoomea

Ax« + (6Aa + B)x* + (10Aa'+4Bo + c)x» + (10Aa« + 6Ba« + 8co + D)a«
+ (6ao» + 4Ba« + Sea* + 2do + B) x+ Aa» + Ba« + co» + Da« + «o + p ;

which we may represent by

a««+f,ax« + ^,ax> + ^,ax«+^'ox+^

8. The quantities ^, ^a, ^,0, *c., may be determined by a suc-
oesBon of hivolutions, each one making use of the results of the
p«oading. Kind ^ by involution, of which the foUowmg are the"•!:—

A
AS +B
Aa« -f Ba -f c
Aa'+ Ba«+ co +1)
Aa« + Ba> + ca' + Da +1

B«I»at tha proaaas, using the preoedUig qiuintitles, except the last
and we have f'a by the following stej* :—

A
Sao -f B
SAa*'f2Ba + c
4A«» + 8B«"+2ca + D
fiaa* + 4Ba' + 8oo' + 2DO + K = f'a.

-. t f!' ^: 'i;^'!^ *?* • •«'»»'"»»«" MX" mathsmaUeal teacher renidia*

W.M?- .'r'.''"S^'"..*l' '"I- ."^ >»•»««««„ dl.pule .bout thS
right lo the iamlion, oT which ws shaU pnmmOj spMh.

A repetition of the prooeas, leaving out the last, give^ f,a, aa
follows :

—

A
Sao «• B

6Aa*4-3Ba +
IOao* + 6bo' + Sea + D= ^o.

Repetition gives ^,a, and finally ^,0, as follows :—

A

4Aa + B

10Aa' + iva+c=f^
5ka + Tt= f/t

In numerical i4>plication the operations may be made to stand thus,
where a new letter Itelow a line stands for the sum of the two pre-
ceding ; and ^, ^'a, Ac, are introduced when found.

B c D B r
.\a pa Qa Ba Ba

P 4 R B fa
Aa Ta ca va

T V V fa
Aa va xa

w X <p,a

Aa Ta

T
AA

^O

*a« <t>,a <fia fa

If a be ot only one significant figure (as 200, 6, "OS), all the operations
necessary to fill up this process can be performed in the head, and we
have thus (for the method is general, though our example be only of
the fifth degree) a working method of answering the following
question:—Qiven a certain equation ^=0; required the equation
ifx=0, the roots of which are each less by a than those of ^=0.

If^ came out=0, we should then know that a is a root of the
equation : and the method of approximating to a root is as follows :

—

Suppose we have an equation of which the root (unknown to us) is
2673. By trial, or otherwise, suppose we find that 20 is the highest
denomination of the root, and we thereupon find another equation,
each of whose roots is less by 20 than a root of the given equation :

this is done by the preceding process, and one of the new rtmts (but
unknown) is 678. If we can find that the highest denomination of
this root is 6, we make another reduction of all the roots, and find a
new equation, one of whose roots is 73. If we can then find 7 to be
the highest denomination, we repeat the process and find an equation
one of whose roots is -03. In finding the highest denomination of this
root we find the root itself, evidenced by the fa of this final process
being=0.
The first denomination of the root must be found by trial, or by

some of the methods referred to in TnEonv of Kquations. But the
second and the remaining ones are found by comparing the results^
and p'a. If a be nearly a root,

a-tl or o+rJ?
1>a l>a

is still nearer. Consequently, by dividing —^ by f'a, we may, after
the second process, be sure of finding one figure of the remaining root
correct. But after the first process we may bo liable to an error of
a unit (to be corrected by a new trial), as in extraction of the square
root.

In order to obtain —fa and not fa, let the last coefficient, F, have
its sign changed, and let the process in the column which contains it

be always subtnction, and not addition. In ^e preceding typo of
calculation, we should then have

—V r

Ba instead of . sa

Subtr.—^( fa Add.

In Mrrying on the proceas, the results fa,f'a, &c, come in a diagonal
line ; before taking the next step, the beginner may bring them down
into one line, aa in the type preceding. In our examples, asterisks or
other symbols will mark results of a process.
We now apply this method to the solution of the equation—

X* + 2x»-x«-x-68106<798= 0.

It will be found that a root lies between 100 and 200.
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2 -1
100 10200

102 10199
100 20200

202 30399
100 30200

302 60599

:

100 22600

402: 83199
60 25100

452 108299
50 27600

602 135899
;

50 4880

552 140779
50

602;
8

610

1019900

1019889
3039900

4059799

:

4159950

8219749
5414950

13634699

;

1126232

14760931

631064798(158
101989900

529074898

:

410987450

118087448

;

118087448

Aasuming 100 as a first approximation, we find that a:* + 40ai;»+

60599x* + 4059799x— 529074898= is an equation having roots lea

by 100 than those of the given equation. And 529074898 contains

4059799 upwards of 130 times; bat if any number of tens greater

than 50 be taken, the accumulations of the next involution will give

more than 5290, ftc, as must be found by trial. Repeating the process,

we find that a:» + 602x' + 135899x' +13634699 2-118087448= is an
equation all whose roots are less by 50 than those of the last. We can

now depend upon 118087448 divided by 13634699 giving one figure of

the root, and the quotient is between 8 and 9. Assuming 8, the first

step of the third process shows that 8 is a root of the last equation,

and 58 of the preceding, and 158 of the given equation.

We now give an example in which approximation is carried on. Let
the equation be a:'—6jr' + 72 -t- 4 = 0, of which one root lies between
2 and 3.

-6

2

4
2

7
-8
-1
—4

-4(2-414213562
-2
—2:
-1-936

2
2

-5:
0-16

-0-064

;

-0-045079

0: -4-84 —0-018921t

0-4 0-82 -0017963056

0-8 -4-62

;

-0-000957944?

1-2;

1-21

0-0121

-4-5079

-0-000897113

-0-00006083111

1-22 00122 44853

l-28t

1-234

1-238

-4-4957t

0004936

-4-490764

16978

13456

2522

1-242J 0004952 2243

1-24-22 -4-485812t 279

1-2424 0-000248 269

1-242611 —4-485564
0000248

10
8

^4-48531611 2

The root of this equation is found to be 2-414-213562, as follows.

Beginning with the multiplier 2, one set of involutions brings us to the

figures followedby colons, andx' + Ox*- 5x + 2= is an equation on which

the process is to be repeated. Dividing - 2 by — 5 we find th.it -4 is

most probably the next figure, which is verified in the next trial, since

the result of involution, 1-936, is less than 2. We proceed in this way
until 2-4142, containing half the number of figures wanted, is found,

and this being o, we have found —0000060831 for -<«, and — 4-485316

for ^'a. The fiirst <livided by the second may be depended upon for

doubling the number of figures, as commonly practised in the extraction

of the square root. [Approximation.] The figures 13562 are found

by a contracted division shown in the example.

But it is more convenient to avoid decimals in the process, which
may be done as follows. 1. If there be decimals in the coefficients of

the equation, annex ciphers to every place in such manner that the

numVjer of decimals in the several places may be in increasing arith-

metical progression. Then strike out the decimal points entirely, and
proceed as with whole numbers, remembering that the root thus

obtained will be 10 times too great if the progression increase by
units, 100 times too great if it increase by twos, and so on. Thus
l-8l2»—-«x» + 332 + 18-4 should lje changed into l-81x"— •600x» +
33-000OX+ 18-40000, and 18l2>—600x» + 330000x+ 1840000 will give

ten tiroes the required root. 2. When all the whole figures of the root

have been obtained, and the decimal part is about to enter the calcu-

lation, before attempting t>t obtain the first decimal figure annex a

cipher to the first working column on the left, two ciphers to the
second, and so on to the end. Then proceed with the new figure as if

it were a whole number, and make a new involution. When this is

finished annex ciphers again as before. One .-Mlditional advantage will

be that the ciphers will serve to mark the places of completion of the
individual involutions. If in any case <pa should not contain <p'a, place

a cipher in the root, annex ciphers again, and then proceed. In some
t)f the older algebraists, Oughtred for instance, the several vertical

lines of figures are kept in their places by a set of ruled columns, the
use of which is difficult. Mr. Horner has a simiLir contrivance ; but
the employment of ciphers removes all the difliculty, as in common
di^ion and the extraction of the square root. See the last example in

this article. The method might easily bo extended to the whole part

of the root. The following is an instance of the method :

—

2» + x»—2*—2a:- 2=0

1

2
3
4
60
64
68
62
660
661
662
663
6640
6644
6648
6652
6656

-1
2

-2
1 -

2(1-414,2136

1

1 -1 30000
3 4 28256

4 8000 17440000
4 4064 12206-261

800 7064 52337390000
216 4992

12U56000

49671698816

1016 2665691184
232 150261 2495754355

1248 12-206261 169936829
248 150923 124787718

149600 12357184000 45149111
661 60740704 37436315

150261 12417924704 7712796
662 60847072 7487263

150923 12478771776
663

15158600
26576

15185176
26592

15211768
26608

15238376

Many of the preceding figures are useless, but we have judged it

best to present the whole process. The best method of abbreviation is

to fix a point of the process from and after which the number of figures

in the L-wt column is not to increase, striking ofl' at every step one figure

from the last column but one, two from the last but two, and so on.

The consequence will be, that the several columns on the right will

disappear one after the other ; the process will be legitimately reduced
to termination with a contracted division, independently of the theo-
rem cited ; and the result will be true to the last place. The effect of

this will be, that as soon as the remaining part of the root is too small
for its highest power to show itself in the process, an equation of the
(»— l)th degree takes the place of the nth, and so on, until there
remains only an equation of the first degree, and the approximation
then proceeds by the Newtonian method. All this was pointed out by
Mr. Homer, whose view of his own method was very complete, in

everything but historical inform.ition. Had he given in his paper an
example from Oughtred, also worked by his own method, pointing out
the difierence of the two, we feel sure that the question about the
right to the invention never would have been discussed.

Taking up the preceding example at the point with which we left

off (neglecting the division), and following the process, we have

(Root obtained 1414) 213562373

6
I
656 15 23 83|76 124787 7 1 7 7|6

Disappears

at

next
step.

13

15 23 97

,13

15 24 10
18

15 24|i;

15 1 24

151

Disappears, leaving

1 for carriage.

30 4 7 9 4

124818 19 7 2

30 4 8 2

124848 6 7 9|2
15 2 4

124850 2 3

15 2 4

124851 7 217
4 6

124852 119
4 6

124862 6|S
1

2665691184
2496363944

Dividend

124862 8

1

Divisor 124852] 9
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Th* aMwar 1'4U318MSS7S U correct to the bat place iDclusTe.

(Tha oootracted diTuion (nllom the thick line.) The rule b^ which to

tmlc> of the extent to which tlie full ptooai ihauld be oonttnued is u
ioUcMn : Carry it on until tlie laat oohimn but one bu at leaat two
man flgurea tiuui the nnmbcr of root finirea rewtaining to be found.

Bodi k the metbod which must place its author among thoee raluable

ia*«oton who find out simple adaptations which have been overlooked

by their prsdeoeason. It is not a little remarkable that this, the most
important facilitation whiofa the solntiaD of numerical equations baa

receiTad rincs tha time of Tieta, and which is, latca Jaioisii, a very

obTknti exteosioo of tha eztraotion of roots, should have only preceded

by a few yean the most important addition to the method of ascer-

taining the number of roots which has been made since Des Cartes, and
which is also, when known, an equally simple result of the process of

finding the highest common factor of two algebraical expressions.

[Storm's Thbokuc]
Two of the moat remarkable applications of this method are the

olnUon of equations of the second degree, which is made as simple as

the extraction of the square root, and the extraction of the cube root,

which is reduced from an impracticably complicated process to one of

perfectly easy performance.

As an example of the first, required the solution of

made at the outset.

ar»+ r=2.

than unity, the prepoiat

10 200(-7807764S
14 168

ai 3200
14 S168

So 820000
1« 288498m 31502
16 288S4

41200 2648
14 2473

41214 175
1 165

4122 10
12

or z= '78077643, which is correct with the exception of the last place.

The extraction of the square root, say of 10, is done by solving the

aquation x^-t- 0x==10 ; but it will be found that the solution of any
equation of the form 3^ + ax=b may be performed by the same rule as

the extnction of the square root We shall show this, beginning with
Homer's rule, and chuiging to the other after a few steps. Let the

equation be z*+ 2x=10.

2
4
60
63
660
661
669

10(2-81862479
8

200
189

1100
661

6626)48000
89766

66326)414400
897956

66332)16444
18266

la tha extraction of roots, the method of pointing and bringing
down tha periods as they are wanted may bo followed. The following
is tha i«

'uoeas for the extraction of the cube root of 20561)2449327 ; it

bifaa rsoiembersd that the question is the solution of an equation of
thafoiinz*-«-OLi'-«-Oz •a: —

6
10
ISO
159
168
17700
17708

25

7600
1481

8931
1812

104430000
68109

104483109

205692449827(6903
125

80692
80379

818449327'

813449837

The following process is the extraction of the cube root of 1'808, and
will serve as an example of the complete procew, omitting only the
first column, which, with the exception of the unit at the head, is

blank. And this is also the type of the solution of any cubic equation

whatsoever ; the only difference being that the heads of the first and
second working columns are ciphers in the extraction of the simple
root, and signinrant in all other cases.

00
a 10
620

c30
d32
« 84

/360
</361
A 362

> 3630

j 8638
i-3646_

I 36540
m 36542
n 36544

365460

p 366463

q 365466

r 3654690
a 8654699
( 8664708

tt 8664717
X 10 V

4892800 k
29104

i

4421404 i/
29168 it

445057200 h
73084 m

446180284 mm
73088 It

44620337200 n
1096889 p

44521433689 i>p
1096898 q

4462252998700 ;
32892291

s

4452285890991 t$

82892372 t

1808<12183398697839S7O02
a/l'gjmptrwxi/iabodefg

1000 oaa

808
728 ddd

80000
48561 ggg
36439000
36371 232 jgy

.1067768000
890260668 mmm
177507432000
138504300767 ppp
118943131233000
40070678018919 m
8872568214081
8501867368704

310700848377
267139491006

43561357371
40070925909

4462318783363 tt

292377 V

446232170713 ft>

292377 t>

445232463090 v
2192 w

44528248501 mo
2192 w

XXX

zzz

aaa

bbb

ccc

31175
31166 ddd

9

djggg

8490431462
8116627593

873803869
856186010

"17617869

1335697

4260884
4007093

253791
22261

44523260693 «
Six

4452325101 xx
Z2x

4452325133
gfedcbazy

The preparation for decimals makes the answer ten times too great i

BO that the cube root of 1808 is 1*218. . .002, of which only the but
figure 2 cannot be depended upon. The preceding contains every
figure which need be written down, all the connecting operations being
thoae which are usually performed mentally, and one only is required
for each figure.

The vertical lines in the example show that part of the operation

in which the contraction takes place, and the point at which the
contraction becomes simple contracted division is marked by a thick
horizontal line.

To enable the beginner to examine the process, we have plaoed
a letter in every line of the first working oohimn, by which the
parts of the second column which ore connected with it may be
traced; while a letter doubled in the second column shows a mul-
tiplicand the product of which by the root figure is found as marked
in the third column. The letters under the last line of the first

column mark the figures cut off in the several contractions, and their

results in the other columns are traced in the same way : the same
for the letters under the second column.
One simplification might be made after the leiuner has practised a

number of examples conducted at above In the second working
column, certain lines—namely, the second b, the second r, the second
A, &0.—are not used except to be added to the next line. Hence, each
of the lines on which a letter is doubled might be formed by adding
the fint, third, and fourth preceding lines, and the efliect would be tp
omit tome of the lines and some of the most simple additions. The
taoond column, beginning from pp inclusive, is a specimen, an<i

ohaaging the line in which ciphers are annexed (and the ciphers should
always be annexed to mark the step) would be

—
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44521433589 pp
109639800 q
32892291

»

4452285890991 a
32892372 1

292377 V

445232170713 w
292377 V

2192 w
44523248501 tew

But considering that the process is one which no person will very

often perfonn, we doubt whether to recommend even this abridgment.

All such simplifications tend to make the computer lose sight of the
uniformity of method which runs through the whole ; and we have
always found them, in rules which only occur now and then, afford

greater assistance in forgetting the method than in abbreviating it.

But one abbreviation, when duly learnt, is found to have very great

advantage. The addition of the products which are carried from each

column to the next—and for the last column, the subtraction—might
be made at once, figure by figure, as fast as the figures are formed.
On evolution of algebraical quantities we do not think it neceaaiary

to speak, since either the binomial theorem [Bixomial Theorem], or

some other method of development, is employed with more advantage
than the usual modification of the arithmetical process. We have also

omitted the process of division, the most simple of all evolutions, since

its connection with the preceding is sufficiently obvious.

There is, however, a process of an evolutionary character which we
take this o|ijx)rtunity of suggesting, and of which any one moderately
conversant with algebra will easily arrive at the demonstration. In

finding the highest common divisor of two algebraical integral expres-

sions, and also in the process of Sturm's theorem, it is required to

divide one expression, P, by another, q, not for the sake of finding the
quotient, but the remainder ; and this remainder, cleared of all

numerical factors and of fractions, is preferable. The following rule

will render the application of Sturm's theorem much more easy :

—

Question :—Two expressions, r and (J, being given, .of which p is

lower than <J, required the remainder of q divided by P, cleared of frac-

tions and of positive numerical factors. To take an example with us, let

1. Add 1 to the difference of the degrees (5—3= 2, 2 + 1 = 3) : this

it the number of operations to be expected. In this case it ia three.

2. Write down in two lines the coefficients of the divisor and
dividend, including the coefficient for every missing term, but change
the sign of every coefficient in the divisor, ej^ccpt the fint. Clear both
expreaaions of all whule factors ; and if the two learling coefficients (2

and 4) have a common factor, divide by this f.ictor before writing them
down. Write ciphers in all blank places.

(p) 1 1 4

(Q) 2-3 2-1 1

8. Take the first vertical pair, and every other in succession, and

make cross multiplication and addition : thus, ? ' ' '

J gives ad + hc.

Put the first result in the first column, the second in the second, and
so on.

(1) -3 2 10-1 1

4. Repeat this process with the first line, and the result just

obtained, and again with the result, making each new restdt out of the
first line and the last result, and so on till the number of operations

ascertained In the first clause of the rule has been performed. But if

the leading term of the first line have been divided, multiply that

leading term again after the result, unless the first term of the result

be also divisible by the same factor.

5. But if ever the first colunm of a result should turn out a cipher,

throw it away, and bring forwanl the next column, and so on, making
every step stand in the next higher place ; and if the two first columns
of any result should be ciphers, throw them away, and bring forward
the third, and so on. And for every cipher thus thrown away, diminish
by one the number of operations recjuired in the first clause.

8. If any horizontal hne thus obtained have a factor in all its terms,
divide by that factor, taken jxaitively, before proceeding further ; and
if the leading term of any new result have a factor in common with
the leading term of the first line, divide both before proceeding.

The table of results now is as follows, in which the varioiu changes
of the leading terras are shown by putting them down as they occur,

and putting a bar over them as they disappear and are replaced by
others. In practice, the pen may be drawn through the figure which
is dismissed.

1

(r) 2, 1, 2, 1 1 4

i?!

*.2 - 8 2 - 1

-3 2 10 - 1 1

S
4,2 17 - 14 2

17 - 12 10

17**- 12* -h 10 Answer.

7. When the last result has been obtained, make an algebraical

expression one degree lower than the divisor, the coefficients of which
are the numbers in the last result, with their signs.

The real remainder in the preceding example is SJa;^

—

6x+5,
Let the next example be

p=4x=—6*» + a: + l

Here the number of operations should be four ; but it is reduced by
the circumstance mentioned in the fourth clause of the rule.

(P)
I

i, 2,4,2

(Q)

(1)

2, 1

0,*3

(2)

(3)

22,11
12

6 — 1 - 1

- 3 2 1 — 3

1 — 6 - 6 8

-27
-65

-27
63

32

I-34

12x»— 65j:-h53 Answer.

The method of verifying the several processes, as their results arise,

is as follows : Make an additional proof column, in which place the
sums of the numbers in each line, taken with their signs ; making
these sums vary mth the variation of the leading factors : thus

a
P

aq + bp

b

1
ar + cp

c

r .

Proof.

A
P
Z

Here a is a-hi + c+ ...; p is^-l-j-t-r-i- ...; and z is o^ -( ip -t-

or + c/> -(•... . If then the process be correctly done, an exten-
sion of it to the proof column gives aP-fAp, which ought to exceed
z by 2 ap.

We shall conclude this article with the process which will be applied
hereafter. [Sturm's Theorem.] The object ia to proceed as in
finding the greatest common divisor of p and Q, changing the sign of
every remainder before using it.

p= 4*5 — 9*2— 4*+ l

Q = ** — S*'—2*» + *- 3

4

1

-8
— 48

9
-3
— 4

4
- 2

8
- 45

- 1

1

-12
-3

Proof

column.

16
- 6
- 16
- 88

48
4

- 887
— 15136

- 9
- 852

19264

-46
- 4

48
1

- 2
- 8
- 696
4128

iei86
48

19264
45

84400

The remainders therefore, with the signs changed as directed, are
48.<r-H 45, 15136*— 19264, and the last is a negative whole number.
The following is the first instance of the use of the proof column :

lxl6-l-4x(-6)-(-16) = 8 = 2(4xl)

In the preceding part of this -article we gave an account, with
instances, of the method of solving equations, which is commonly
known by the name of the late Mr. W. O. Horner, schoolmaster, of
Bath. We believe we may usefully give what precedes a considerable
extension : first, because the method [Compotation] is one of the
best exercises in computation ; secondly, because neither its meaning
nor its history is very generally understood, and the latter is very
instructive.

The process of involution as above defined, is the formation of the
value of a rational and integral algebraical e.ipression, such as
o** + bi? + ex -i- d, by a succession of multiplications separated by
additions, as in

\(ax + i)* + c) * + d.

Homer's mode of doing this takes the figures from left to right, or
takes those of largest value first ; and exhibits a plan of performing
the operation which combines the result of each figure with the joint
result of all that come before. Thus in finding the value of the pre-
ceding when .r=123-456 the value is first found when .(-= 100; then,
by help of the preceding, when .i = 12U; then when .(,-=123; then
when *= 1234 ; and so on. By this means we are enabled to proceed,
when the value of the succeeding figures depends upon the results of
those alreatly found, as happens in all the cases of cvulutioii, the
inverse process. To take, however, the direct process first, we shall

* Then bring forward the next column.
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exhibit at l«nsth Um fliidii« uf 9jc>-S-141x'-«--009j:-I4S7-4W, when
X'lSl'SS; or, tosToid dedmala in the expreasion, we ntay oooader
Uiiaae the thoonndth put of »00az*-3141z<-l-9x-14a7499. The
|wi»ewi if •• loUowB : a great many figure* (about 115) being repeated
twioa orer, in a manner wholly unneoeaaiy in computation, in order to

firilittta the explanitjnn

9000, — Sl,41

8868^
I79«8,»
8SM8^

I.

289685,9
887885,9
805685,9
328685,8

,0009
8968,5909

26937,1809
K
2693718,09
8269089,89
8880461,69

-1,427499(121-28
8967,163401

B-

B-
8236850
3246859
3254859
3263859

C
32638590
32656590
32674590
82692590

J
826925900
326952900
326979900
828006900

388046169
391292028
894546887
C
89454688700
39520001880
89585351060

i

3958535106000
3959515064700
3960496904400

8967163,401
15505343,181

B
15505343181
15896685209

C
15896635209000
15976676212760

[)
-

16975675212760000
15987553760654100

We first put down the coeffioienta as usual, not changing the sign
of the last (which is only a convenience for erolution, and does not
altar any figure). The value of x being 121-23, we begin with 100,
wliich, having two ciphers, we mark off by commas from the several
coefficienta 0, 2, 4, 6 placea. We then proceed by Homer'K prucess
with the figure 1 (not 100), taking care to make commas fall under
comma*, or to use the conunaa as if tliey were decimal {wints (which
they are in £>ct, though not Niitf-/>otii(f). As soon as we have done the
first process, containing all that comes before the lines a, we learn as
follows. Let

^ = 9j:» - 31414:' + -OOOx - 1427-499

then, jr being 100, ir, ^'x,
J<>"j-. and l^"'x are severally 8967168-401,

269371-809, 2696-859, and 9. We then write down the results again,
after the lines a (which is not necessary in calculation), merely to show
the new dispoeitian of the commas. We are now to proceed with 20
(from the first 2 in 121-23), which, having one cipher, we mark off

0, 1, 2, 3 places in the several columns. Immediately before the lines

B we learn that when x = 120, ^, ^'x, and 4^x are severally
15505343-181, 888046169, and 3236-859. We then write down these
ranilta without any oonunaa, and proceed with the second 1 in 121,
from whidi we find that when x- 121, the functions are 15896635-209,
894546 887, and 3263-859. We then begin to provide for the decimal
point, by annexing one, two, and three ciphers to the working columns,
and taking the aeoond 2 in 121'23 t<i work with, and applying Homer's
IKoe—, we find, when x= 121-2, that ^, ^'x, and ^'x, are severally
(rammnbering that all the annexed dpiiers are so many additional
dedmal places) 16976675-212760, 395863-61060, and 8269-25<J0.
Finally, we annex the ciphers again, and with the 3 wo find
that X = 121-23 gives 15987553-760654100, 896049-6904400, and
S880-06900.

Let ua now compare the trouble of this process with that of any
other method of doing the same. If we throw out all the figures
which we have written twice over merely for explanation, and also the
last two and one lines in the aeomd and third columns, which are only
wanted to go on further with, we have written down about 280 figures.
The ordinary verification oosta about 340 figures. It is true that every
tep is both a multiplication and an addition in one : but this can be
dooa and ought tu be done in the use of this method, and is not done
in tba ordinary method. And we have not only the advantage of a purely
nwdianinil mathud, in wUeh the fint smngranent niiiseathn succeeding
Ufa to require nothing except a look at the suooessive figures of the
Talua, but the atill greater advantage of being able, at the end of the
uronesa, to make any small alteration of value with ease. If, for
tnatanoa, having <liaoovered that 121-297 would do better than 121-23,
w« wish to get additional accuracy, we have but to rub out the last

S-proQMS, and proceed with 9 and 7. In the ordinary mode, we must
cUhar tepeat the whole prooesi »ff^> or eorrect approximately by
aafaalitutbg 121-23- -008, which wfll require us to oJcubte ^'x, and
perhaps |f"x.
We shall now exhibit a common multiplication, and the fonnation of

a square : not, of course, that we attach any pirticuUr value tu these
simple caaes, but that we may show the unifumiity of the process.
Bequirwl 14796x82816, or the value of 14796x'«'0 whan x=32316.
We repeat the Unas as before, wliich is more than is necessary, and
nakaa this proceas look very long.

14796 0,0000(32316
44388,0000

443880,000
473472,000

4734720,00
4779108.00

47791080,0
47805876,0

478058760
Answer 478147586

Required the square of 27946, or the value of x*+0x-t-0, when
x= 279-46.

,00

2,00

4,00

40,0

47,0

54,0

640
fi49

558

5580
6584
5588

55880
55886
55892

,0000(279-46

4,0000

400,00

729,00

7^00
77841

7784100
7806488

780643600
780978916

Answer 78097-8918

The process here described is one which, we venture to say positively*
has neither been put in its right place, nor received its due reward-
It is the natural extension of the common process of multiplication,
and its inveraion is as naturally and necessarily the proper mode of
solving equations, as the inveraion of multiplication is the same for
the simple equation ox =4, or common division. The inventor of it
must rank, not with the analyst or the algebraist, commonly so called, but
with the discoverer of the process of multiplication and division, and
the extraction of the square root.

The application of this metjiod to the solution of ^=0 consists in
finding the first figure by trial, and making use of the Newtonian
approximation to find successive figures : namely, that if a be nearly
a value of x, a—i/ta : qi'a is more nearly so. This method become*
difiicult when two roots are nearly equal ; but the difficulty lies in what
may be called Newton's (lart of the complete method, not in Homer'a
part. When the difficulty of algebra shall be conquerod, the process of
arithmetic may easily be amended in the trial part ; but to suppose
that a capita] improvement in the maimer of conducting computations
is little worth, because it is not accompanied by a victory over difficulties
of (juite another kind, is unreasonable. With a little more trial, Homer's
method may be applied to the case of nearly equal roots ; and as it is, it

is more efficacious in discovering them than any other method.
To what has been said upon the method, we may add the

following remarks :—1. When the last temi is poeitive, and would in
the ordinary process be made negative, it is often better, instead of
changing the sign of the last coefficient only, to change the sign of all
but the last. Thusinsolvingx'—llx+l = 0, the heads of the columns,
should lie — 1, 0, 11, and 1, instead of 1, 0, — 11, and — 1. Alao,
that if at any |ieriod of the process the divisor and dividend columns
should become negative, the signs of all should be immediately changed.

2. In making the contractions, it will be advisable to make the
figure which conies next after the separating line correct, to continue
it, in fact, till the next contraction, and to use it to carry from. This
is not done in what precedes, but it is done in the instance in Com-
PUTATio.N. Ill that instance, the following figures, seen one over the
other in the last column but one, as follows, 8, 5, 7, — 6, 9, 1,— 2, 2, 2,
are figures cut ofT by tlie contraction, but mside up from the second
column to carry from into the fourth.

3. If, at the b^inning uf the process, all the heads of the columns
be multiplied by 9, the root will nut be altered, and, until tjie con-
traction begins, the verification by casting out nines is rendered easy,
since every result in every column is divisible by 9.

Wo shall now show how the process works in some equations which
have equal, and nearly e«|ual, roots.

Let x*—6x' + = 0, which has two roots, each equal to v'S. *

-1 6 9 (1-7320
—

1

6 5 40000
-2 8 8000 1210000
-8 000 6697 6041
-40 -329 748000 8
-47 -707 401653
-64 -113400 40132
-61 -115449 25190
-680 -117607 1220
-688 -119574
-686 -11971
-689 -11985
-692 -11999
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The eiistcace of equal roots, or of nearly equal roots, might be
here suspected from the slow increase of the divisor column ; but the
method cannot verify the fact of their being two absolutely equal roots.

The column precetling the divisor column being large and negative,

requires us to make trial of figures above, not below, those which the
divisor colunm seems to indicate. But nearly equal roots may some-
times be detected, as in the following instance. Let T-c'— lOj''— 14.r +
20= 0, of which it is known that one root lies between 1 and 2. The
ordinary process gives

10 14 20 (1-41421356
3 17 3000

-4 1300 8000
-110 748 1547000
-138 8400 61608
-166 6453 3869
-1940 449900 1013
-1947 371S48 160
-1964 292684 . 18
-19610 288745 1

-19638 284806
-19666 28460
- 19694 28440

This root may be carried on \«-ithout difficulty. But at the end of

the second process, when the dividend is reduced to 8000, the divisor

only 8400, and the preceding column as much as —1940, it may bo
worth while to try another figure. This state of things gives a sus-

picion that there is another root in the immediate vicinity of the one
in hand. If the three last columns be +a,b, and c, and if we find

that pa + 6 is nearly c-^p, wliich is the trial test of j> being a new
figure of the root, we are sure that {p + l) a + b will not be near
c-~(p + l) : and moreover p (pa + b) = c has not two positive roots.

But if the three last columns be —a,b, and c, it may very easily happen
that J—pa may be nearly c-i-p, and b—qa nearly c-r-j ; for p {b—pa) = c
has two positive roots. Perfect certainty, in the absence of an easy
algebraical criterion, may only be attainable by trying every figure. In
the instance before us, finding 1°41 succeed, with a presumption of a
larger root, we try 1'43, beginning with

-7 -1940 8400 8000
-1961 2517 449
—1982 —3429
-2003

This figure will not do, for now a permanent difference of sign is

established between the dividend and divisor columns. We then try
2, as follows :

—

—7 —1940 8400 8000
-1954 4492 -984
-1968 656
-1982

There is now a difference of sign between the two last columns, but,
looking at the second column, we see that agreement may be restored
by the next figure. The figure 8 will do it, as follows :

—

—7 —19820 B5600 —984000
—19876 —108408 —156736
—19932 —262864
-19988

and 26286400 is not contained 10 times in 156736000. All the signs
being now negative, we may change them all. If we had tried 7
instead of 8, we should have had

—19820 55600 -984000
—19869 —83483 -399619
—19918 —222909
—19967

But now 22290900 is contained more than 10 tunes in 399619000,
which shows that 7 is not high enough. If we try 9, we have

—7 —19820 65600 —984000
—19883 —123347 +126123

and a permanent difference of sign is established between the two last

columns, whence 9 is too high. Proceed then with

,7 199880 26286400 156736000 (1-428

and we find 1-42857142857 ... for a root. The reader may watch the
operation in the following equation :

{9x- 10) (9 X — 11) (30 X - 37) = 0,
or 2430a* - 8667a:»-h 10293^-4070 =

the roots of which are 1111 . . . , 1222 . . ., and 1233 . .

.

Whatever common figures two roots ot ^x= may have begun with,
there must be a root of <p'x= which begins with these figures. And
whatever common figures three roots may begin with, there must be
two roots of ^'x=0, and one root of ip' x=0 which begin with those
figures : and so on. If there were a difficult equation having three
roots nearly equal, no metho<l of detecting them would be easier, of all

those known at present, than solving contemporaneously the three
equations ^ = 0, ^'a;=0, ^"x= 0, not making any step in one till all

Attn ASD SCI. Drv. vol. iv.

had been brought up ; that is, one step of each first, then the second
of each, .lud so on.

It may happen that a finite root is established, and yet that the
process must be continued to obtain another root beginning with the

same figures. For example,

9i-3 - 46x2 +75j;- 38 =
It will be seen in the following process that 2 is a root, with a pre-

sumption, from the appearance of the divisor column and the one
before it, that there is another root beginning with 2. And by trial

21111 ... is found to succeed.

9 -46 75 38 (2-11111
-28 19
-10 -100 11000
80 -11 1221
89 8700 23
98 9779 12
1070 10867 1

1079 10977
1088 11087
1097

We shall now proceed to a short account of the history of this
problem, and of the controversies which have existed, and to some
extent still exist. For a fuller account of it up to the time of Mr.
Homer, see a paper by the writer of this article in the ' Companion to
the Almanac,' for 1839.

Before the time of Vieta, evolution consisted in the rules for the
performance of division, and extraction of the square and cube roots, in
forms probably derived from the East. To him [Vieta, in Bigg. Div.]
we owe the first publication of a numerical method of finding the suc-
cessive figures of the root of an algebraical equation by means of the
value of the function equated to zero in the equation. This method
of Vieta is in fact that which Horner's process now makes so easily

practicable. If ^=0 be the equation, and a a part of the root, it uses

^, and^(a + l) — ^ as a divisor. The process is so cumbersome,
that Vieta does not attempt to apply it to equations having more than
two figures in the root.

This method attracted but little attention on the continent : but in
EugLand, where everj'thing relating to numerical calculation has been
al«.iys diligently studied, it was much noticed, and received extensions
of power. In the posthumous work (1631) of Harriot [Harriot, in
Bioo. Div.] examples of it are given with the improvement of forming
only so many figures of the divisor as are wanted : and he ventures
upon roots of three places. In the second edition of Oughtred's
' Clavis Mathematica' (1647) Vieta's method is given without Harriot's
improvements. But the first who used Vieta's method to any great
extentwas Briggs, in the calculation of the sines, &c., in the ' Trigono-
metria Britannica.' In the preface the method is applied to equations
of the third and fifth degrees, and partially described for the seventh
and higher degrees : with examples carried to fifteen and sixteen figures

of the root. It is for the facilitation of these solutions that the Abacus
^ayxprio^o' is given, which some have unreasonably interpreted as giving
Briggs a claim on the binomial theorem. Gellibrand tells us that
Briggs formed his tables of sines by algebraic eqimtions and differences
about thirty years before his death. Now Briggs died in 1630, and
Vieta's tract appeared in 1600 : the former must then have received
the work soon, immediately seen the importance of the method, and
commenced operations by means of it. We cannot give Briggs any
independent title to the invention ; for it is likely enough that he was
in correspondence with Vieta, whose works he certainly knew. One
of his examx'les is the solutiou of what would now be written

x' — 3x = 1-298896096660366

for which he gets x = 1-917639469736386. He puts down the work
as far as . . . 697, proceeding towards the end by several figures at a
time : and he his got what Vieta had not, the Newtonian divisor (p'x

instead of ^(x +1) — <t>x. Of course it adds materially to the his-

torical value of this method that it was thus used in an operation of so
much importance to the progress of mathematics in general. Tho
dates above given may even cause a suspicion that it was the power of
solving equations thus suddenly acquired, which first suggested the
calculation of the natural sines, &e., in the ' Trigonometria Bri-

tannica.'

Wallis, in his Algebra (1684), gives the method of the " numerose
exeyem," as he calls it (Vieta had called it poteslatum adfectarum ad
exegeiin reiolutio) with an example of the fourth degree worked to
seventeen places of the root. He makes use of the method of con-
tracting the figures towards the end. In this same Algebra appeared,
for the first time, what is called Newton's method of approximation,
which soon superseded the exegesis, into which however it had been
virtually incorporated by Briggs. Newton's approximation, at least in
the general form which it took in the hands of Taylor, is as follows.

If a be a near value of x in (px = 0, then, except when there arc two
nearly etiital roots, a nearer value is

<pa

<t>'a

3q
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The old ntgeiit, and espemlly Brigga's form of it, employs thii prin-

dole; — fa is cklcuUtoil, snd either fa or f{a + 1) — fa. Brigg*,

wDo prooeedi by Mrenl figures at a time, and um f'a, does really um
what waa aftenrards called Newton's method, and assists it by opera-

tioos suggested by Vieta.

WImb the exegesis was abandoned by Raphaon and others, in {avour

of Newton's form of operation, no furtoer improvcmeut was made in

the direct numerical solution of eqiutions, until the time of Mr.
Horner ; at least no further improvement yn» publifibcd. Mr. Henry
Atkinson, a young man of Newotstle, re-inrvnted the whole method in

1801, ap[dyinK Newton's divisor, and giving rules by which one divisor

was made to help in forming the next. This was read to the Philo-

sophioal Society uf Newcastle in 1809, and published posthumously, as
' A new Method of extracting the Roots of Ec)uations,' Newcastle,

1831, 4to. In oor article in the ' Companion to the Almanac, already

etted, we have supposed that no one can be diown either to have used

f'o, or to have made each value of it help the next, before Kr. Atkin-

son : but we now find that Brigp was before him in both point<t.

Lagnnge's method of transforming the root into a continued fraction

[Tbcobt or l^UATroMs] does not need notice here, because it belongs

to another mode of exprveaion. But it ought to be noticed that

Homer's process very much abridges the labour of Lagrange'8 method,
as much indeed as it does that of Vieta's exegesis, and ifor the same
reason. Mr. Exley, of Bristol, in the ' Imperial Encyclojwedia,' article

Aritbmktic, improved (according to Homer himself ) the common
method of extracting the cube root, ao as to precede Homer in this

particular ease. We believe more than one method had been given
fur reducing the enormous labour of the ordinary extraction of the

enba root : we may mention one, which is ingenious and eCfective, and
almost exactly a particular case of Homer's method, given by Mr. A.
Ingram, in his edition of Hutton's ' Arithmetic,' Hawick, 181], 8to. :

ana Homer himself refers to an edition of Melrose's ' Arithmetic,' by
Mr. Ingram (the same, we suppose) as containing such a method.
Homer's paper was read to the Royal Society on the Ist of July,

1819, and waa published in the current volimie of the Transactions,

on the 1st of December. These dates are of importance : the publica-

ttoo of the above paper was the signal for more than one person to

make a nibbling claim to the invention. Homer was unfortunate in

two points. First, he had not sufficient knowledge of ancient algebra
to be aware that his method contained the process of Vieta, and that
his real claim consisted in the discovery of the beautiful process by
which the labour is immensely reduced, and completely systematised :

we suspect that he completely re-invented Vieta's part for himself.

Secondly, he appears to desire to be the analyst rather than the arith-

metician, and will not show anything except to those who can take all

It is true, beyond a doubt, that his method is adapted to every sort of

equation, and that it is as great a help to the person who desires to

solve tan x — oo; = 0, or c**" — x, as to the other who wants nothing
but a common algebraical equation. So far, theu, it is more than
Vieta's method simplified ; it is the same also extended. But if the
inventor had proceeded from simple algebra to the more complicated
easea, his merits would have been more rapidly a]ipreciated. He did
not well see that his mode of solution applies as well to the integer part
of the root as to the fractional ; nor did he fully comprehend how
much of his own discovery consisted in the general mode of calculating

the value of fr, as given at the beginning of this article. But that
we may not do him injustice, and still more that we may enable those
of our readers who have not access to the original paper to Hee how
eoaplately he had got hold even of the most convenient arithmetical
ptooeas, we give his solution of the famous Newtonian instance
a* — 2z = 6. After reducing the root by 2, the heads of his columns
are I, 6, 10, and 1 (the first column, which is always vacant, he does
not set down). He then annexes either dots or ciphers, and proceeds
exactly as follows

10o6oo6(0946614815
949829

60671000
44517684

6153416
6878826

"574691

558055

1,1,1,6,1)16686(14816
11161

6. 10....

«0» 6481

184 106481

62 74 666S..

.8 86006

163 Mi 11129896
2611 2
SI 4 12

U1576 4 92
81' I

81 4

1116U(14
81

11161)4 1

When Mr. Homer's papar had been published six months appeared

' A new Method of Solving Equations,' by Theophilus Holdred, London,
1820 (preface dated .hme 1), 4to. The method in taken from Harriot

;

and a mipplement is added, which gives Homer's method. Both are

clumed an independent inventions, and Homer's name is not mentioned.
Mr. Holilred anertx that, after having hod his methixl for forty yeara

he waa led to that in the Hupplument * by a mistake he committed in

solving an equation sent him by one of his subscribers. We have
given, in the article of the ' Companion to the Almanac,' already cited,

our reasons for coming to the conclusiou that Mr. Holdred took liis

first method from Harriot, and bis second from Homer.
A claim waa made by Mr Peter Nicholson in various places, which is

quite futile. We acquit Mr. Nicholson (a highly respectable man,
eminent in the application of mathematics to the arts) of all unfair

intsntion : and we must remind our readers of a point without the
knowledge of which the various controversial writings on this subject

will be fiUI of confusion. Hardly any one knew of Vieta's Exegesis,

which there is little doubt that both Homer and Atkinson reinvented.

In fact, so completely had this exegesis dropped out of sight, that even
Dr. Peacock, in his short account of Homer's method (' Report on
Analysis to the British Association ') does not allude to it. Accordingly,

all the re-inventors of Vieta's method speak of quite new rules

discovered for the solution of equations, and treat Homer's process as

a constituent part of one of the new inventions. But a person

acquainted with the history of the subject finds nothing now except

Homer's process. Vieta liad the main system, Briggs had the

Newtonian divisor, Wallis had the method of contraction, Briggs had
a method of making one divisor help the rest : Homer had the method
which must finally be adopted. Budan, as we shall see, had only a
particular case of that method, and did not apply it to any mechanical
process of numerical solution.

Mr. Nicholson claims Homer's identical process, and fairly refers to

the very place in which he says it is to be found. But on looking

there (see the article already cited in the ' Companion to the Almanac '),

we find that he has been deceived by a distant resemblance, and that,

though he has given a new and useful process for a useful purpose,

neither the process nor the parpose is Homer's. At the same time it

is bvit justice to Mr. Nicholson to say, that in his 'Elements of

Algebra,' London, 1819,t 12mo, he made as near au approiich to

Homer's method as could well be done, and applied it in tlie case of

equations of the second and third degrees. The succession of columns
is seen, each column helps the next, and each step in any one column
helps the next stop. But the grand simplification, which the con-

troversialists called the " non-figurato method," is wanting : so that this

process of Nicholson's is perhaps h-vdly more than Briggs was in

possession of. Mr. Nicholson had received Mr. Holdred's method,
whose name he pro)>erly mentions in the preface. This method he had
greatly improved ; and it seems he wished that Holdred should
publish his own method as amended by him ; but he asserts (in the
preface to his work on Involtion and Evolution) that the latter refused,

alleging that his own credit would be diminished, unless he could paaa

them as his own.
Dr. Peacock had never seen Holdre<l'« tract, and his result, derived

from the assertions of Mr. Nicholson and from Homer's paper, is that

Nicholson, by a combination of the methods of Holdred and Homer,
reduced the method to its present practicable form. But any one who
will solve x'— 2x=6inthe systematic form we have given, will see

that Homer had that form. Nicholson was, we believe, the one who
first clearly saw that the method, in its sim]ilest organisation, applies

as well to the integer as to the fractional portion of a root. All Mr,
Nicholson's simplifications, as given in his latej<t writings, consist in

doing in the head some of the things which Homer put down on
pajicr. The form we give carries this HtiU further; and those who can
do what we have recommended all arithmeticians to practise in CoM-
rDTATlON can follow us : but there is no invention in this.

Some have been disposed to give a good deal of the merit of this

system to Budan ; and his claim must be considered. Two editions of

the ' Nouvelle Mdtbode pour la Resolution des Equations numdriquee,'

Paris, 4to., were published in 1807 and 1822. The basis of M. Budan'a
operations is the simple case of Homer's process in which the nwt of

an equation is diminished by unity. This is done exactly in the mode
bv which Homer afterwards proceeded. Thus to lessen the root of

X*—2*—6=0 by unity, Budan proceeds thus :

—

1+0_J_5
1+1-1-6

(a) 1+2 + 1

1+3
1

Answer a?" + Sx" + X—6=

But to lessen the root by 3, Budan is never able to arrive at the

* Wc cuinot but believe that Mr. Holdred did ate Mr. Homer's paper. Bad
he mentioned It, and the name of the lubMribcr, hU equation, the mistake
madt, *c. 4c., dliUnctljr declaring when and where he first ».•!« Mr. Ilorncr'a

paper, he might hate poaalhly Mtabllshed a claim to be » arcond invintor.

t The preface Is dated May 17, lfll9, and the publication took place early in

July, Mr. Homcr'a paper baring been publicly read st the Royal Society on the
llrat of that month.
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process on the left, which is Homer's : he must repeat the process of
diminishing the last root by one, as on the right.

1 + 0-2—5
1+2+2-1

(b) 1 + 4 + 10
1 + 6

1

1+3+1-6
1+4+5-1
1 + 5 + 10 (c)

1 + 6 •

1

Accordingly Budan has both (a) and (c) to do, where Horner has
only (b). To diminish a root by 3, Budan has 3 processes, and so on.
To diminish a root by 10, 20, &c., he divides the roots of the original

elation by 10, then diminishes by 1, by 1 more, ftc , and then
multiplies the resulting rootB by 10, 20, &c. ; and similarly for 10(1, &c.
It is obviously possible, by a large amount of calculation, to obtain the
root of an equation in this manner ; but Budan is not only obliged to
call in other methods, and even thus to spend very great labour, but
he ends by presenting the root in the form of a sum of common
fractions, each of which must be reduced to a decimal. Thus for
3*~2x= 5, he gets

^
. = 2 094551481364I= 2 + i. + J_H

11 275 165925

Sudan's method is not then even of ibe same apecies * as Homer's.
In an appendix added to the edition of 1822, two years after Homer's
paper, there is the method extended to the process for diminishing the
root by » (Homer's process), but no use is made of it, and singularly
enough the only example given is one in which n is- 1.

Homer (' Leyboum's Repository,' page 38, of part ii., vol. v.) denies
ever having seen Budan's work until 1818, after his method was
finished. This, in one point of view, counts for nothing ; for every
discoverer has a right to have it supposed that those who come after
him have used his works : that is to say, the first discoverer woidd
have a right to the credit therefrom arising, even though it could be
shown that subsequent discoveries were made without his aid. If a
partial or unfinished method turn out to have a value of quite a new
character when made complete, it is impossible to deny to its author
the credit of having been further than his contemporaries on the road
towards the complete method : consequently, Budan must have, in one
aense, the merit of having proposed a particular case of that which
Homer afterwards used. But, as it happens, a conteraporanr of Mr.
Homer, in trj-ing to insinuate that Homer had taken his method from
Budan, has furnished independent evidence to the contrary. Mr.
Nicholson, in a note to the preface (page ix.) of his essay ' On Involu-
tion and Evolution ' states :

" I am informed by Mr. Dickson that
about twelve months ago he (Homer) purchased at his shop, in St.

Uartin's-leQrand, an ' Essay on the Numerical Solution of Equations,'
by Budan ; at which time he mentioned that he was engaged expressly
on this subject." This called forth the preceding statement from Mr.
Homer, who, had he any unfair intention, and bad he really been
indebted to Budan, would have argutd from the date of Mr. Nichol-
son's preface that he muiit have bought Budan only just time enough
to insert the note about him in his paper before he sent it to the
Royal Society. Instead of this, he answers in the most straight-
forward manner, that he bought Budan about July, 1S18, nearly two
years before Mr. Nicholson wrote ; but avers that his method was then
nnished. And this we entirely believe ; and also that it would have
been impossible for him, fully engaged as be was in teaching a school,
to have produced his method, so as to send it to the Royal Society in
the spring of 1819, if he had only seen the first hint in the summer of
1818. But had he seen Budan's work, and had he thence derived the
hint which he improved, his merit would not have been the less :

Lagrange, the greatest writer on equations then existing, had seen it

;

Legendre had seen it : and both had closely examined it, and reported
to the Institute upon it. The members of the Institute had seen it.

Lagrange, too, knew of Vieta's Exegesis. But no one, except the Bath
choolmaster, ever brought forward Budan's method, or any extension
of it, either from Budan, or independently, to the improvement of
Vieta. Fourier had seen Budan's book, and ha<l invented a metho<l of
his own of solving equations; or rather had given his own mode of
conducting Newton's approximation; but this method is far below
that of Homer.
We have WTitten so much on the discovery of this method, because

uB^ir attempts were made by claimants who had no title whatever to

• He recommends that when more than two or three dccimnlx of a root arc
wanted, the work should be tamed over to tcorkmeti {manamrrirra) who are to
te a distinct claw from the mathematicians. The best comment on this will be
to inaert in this little foot note every ft^te of the work for rix places of the
eqoatlon on which this remark wai made, with a f^ucss at the «ertfn(A.
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deprive the author, who was a man of real genius, of his rights over
his own discovery. \Ye refer to MM. Holdred and Nicholson : though
we do not believe the second was knowingly unfair. Mr. Atkinson,
when he first saw the " non-figurate method " (as some called the sub-
ject of this paper), saw and said that it was a " capital improvement."
We have written also because it can hardly yet be said that mathe-
maticians are alive to the value of this grand completion of the system
of arithmetic. The continental writers show no knowledge of it ; the
Oxford and Cambridge elementary works do not yet recognise its

existence, except so far as this, thiit one very recent Cambridge edition
makes an imperfect introduction of it. 'The fact is, that mathema-
ticians dislike calculation, and are apt to form hasty opinions on nume-
rical methods before they have given them sufficient trial. The first

elementary writer who brought Horner's method into instruction was
Mr. (afterwards Professor) Young, iu his ' Elements of Algebra,' pub-
lished in 1823.

In 1S31, eleven years after this method was pubEAed, appeared
Fourier's posthumous work on equations, coutiiining an extended use
of Newton's method. It amounts to employing <pa, (p'a.h, l<p"ali-, &e.,

to calculate the value of
<f>

(a + /i), and <p'a, (p"a.h, &c., sejiamti.li/, to
calculate <!>' (a + Ii) ; and so on. Fourier was an expert arithmetician,
and in this very work shows his power of suggesting new forms of
arithmetical process ; but he does not come near anything like making
the previous calculation of <))(•) (a + h) give assistance to that of (()l"-'i

(a + A). The equation x*— 2.r=5, which Wallis happened to take as
his instance of Newton's method, has always been the example on
which numerical solvers have shown their power. No one can be said
to have carried a method beyond those which preceded, unless he has
solved this equation to more places than they have done. Fourier
went to thirty-two decimal places, which we do not know that any
one had done before. Some students of University College, London
(and one of King's College), none exceeding eighteen years of age,
carried Homer's process further still, their indcjxiudeut calculations
giving root to 52 figures. Some years afterwards, another student of
University College, Mr. W. H. Johnston, of Duudalk, carried the solu-

tion to 101 decimal places, and verified it by the independent solution
of a related equation. In 1851, Mr. J. Power Hicks, of Lincoln College,
Oxford, then a student of University College, carried the solution
to 152 decimal places, never having seen Mr. Johnston's result, with
which, so far as it went, his own agreed. This last solution* is as
follows, and it took about 50 hours of calculation :

—

2-09465,14815,42326,59148,2386.5,40579,
80296,3857.3,06105,(i282:!,91803,04128,

52904,53]21,8y983,483()6,71462,G7281,

77715,77578,60839,52118,»0«29,63459,
84514,03984,20812,82370,08437,22349,
91

We insert this conclusion as a challenge to any who still hold the
opinion, which as a matter of course was maintained by some when
Homer's method first appeared, that some older metliods were superior
to it. There were those who thought that the method of triiU and
error, or of false position, as it was called, was preferable. Mr.
Nicholson gives, as the work of a yoimg computer, the following solu-
tion of

4j:« + 7x= + 9x* + 6^5 + 5x» + 3j^ = 792

.r= 2-05204,21768,79605,36521,40434,01281,20197,34602,75699,54554
17242,14

An ablet calculator informs us, that he makes the figures after 197 to
be 34660, 87786,99113,74218,13787,467.
We have left entirely out of sight all the irrelevant controversy

relating to the method of finding the limits of the roots, conducting
the process when two roots are nearly ecjual, and so on. The claims of
Budan, Fourier, Homer, &c., are here mixed up in a manner which
requires a sifting investigation. Very frequently the value of Horner's
method is stated as dejiending upon points of this kind. When any of
the doubtful cases arise, which we noticed at the beginning of this
article, we find, for ourselves, that the ease with which repeated trials

are made by Homer's process gives us more comuiand of tliese cjues-

tions th,in anything else ; in fact Fourier's theorem [Stuhm'b Thkoukm]
is vei-j' easily brought to bear by means of it. But it must be admitted
that all methods which in any way include the Newtonian approxi-
mation are imperfect, when roots are nearly equal, in not having a
better addition to the root a already obtained than — <pa : (p'a. Let a
better method come, and we have no doubt that Homer's process is

more ready to make easy use of it than .any other. A student who is

very slow at finding out the trial figures of conunon division, might as
reasonably depreciate the rule of division altogether, as quaiTel with
Horner's method because there is now and then a difficulty in ascer-

taining whether or no more than one figure will do to proceed with.

* As there is always a liability to defacement of figures, we give the sums of

the digits in the horizontal and vertical lines. The sums in the horizontal lines

should be 137, 113, 140, 137, 131, 10. The sums in the vertical lines should
be 2 ; 32, 23, 27, 16, 24 ; 16, 25, 28, 25, 21 ; 2U, 17, 29, 14, 23 ; 28, 23, 16,

20, 25 ; 27, 13, 30, 17, 26 ; 18, 16, 15, 26, 30.

t Mr. A. Davis, assistant master in University College School.
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Th« Hune difficulty muat sxiit in evsty method, M nuttert now itend-

la the meanwhile, we think the diaoorerer of the prooea, which i>

now beginning to take ita proper place, dcMrrea attention to hia

nqoeat when ne my», apeakiDg of the antagoniat olainu which had
ataiied up—" All I aak of them (mathematiciana) in reoompenae for

the fadlittea conaigneil to their use in the non-figurate method, is to

bear in mind that I alone nm the author of it. And we have no
doubt whatever, and nre willing to stake uur cr«lit ii])on it, that when
the inertia of the higher mathematiciana in matters of computation is

ovoroome, and when the mode of aolring equations has reached the

dtoolboja, aa it is rapidly doing, the name of Homer will be one of

the household worda of pure arithmetic, and himself looked upon as

one of the greatest of ita modem benefactors. Justice requires that

hia name should remain attached to his process.

lOO or lODO. A prefix used in chemistry to signify that the body
to the name of which it is attached contains iodine substituted for

aome other elemmt. Such corapoimds will generally be found described

under the name of the body to which this prefix is attached.

lODAL (C.HI.OJ Hydride of tri-iodacttyL A body analogous to

Cblobal, said to be produced by mixing alcohol with nitric acid and
then adding iodine. Its existence has not been satisfactorily estab-

lished.

lODAJTILIKE (C,,H„IN). A derivative of aniline. [AxiLrNE.]

lODHYDRlX (C„H„IO,). A liquid compound produced by the

action of bydriodic acid upon glycerin. [Oltceris.]
IODIC ACID. [IODI.VE.1

lODIDEa [Iodine. Ht/drogen and TodiiK.]

lODUTE (I), a non-metallic, elementary, or simple solid body, dis-

corered by IC. Courtois, of Paris, in 1812. Ita peculiar properties

were however first aaoertaine<l by Oay-Lussac and Davy. Iodine exists

in the water of the ocean and minend springs, probably combined with
aodium, or calcium, or magnesium ; also in marine molluscous animals

and lea-weeds; and has been met with in combination with silver.

Iodine is principally obtained from telp, or sea-weed which has been
burnt for the purpose of obtaining alkali from it. When the alkaline

and other salts have been separated from this ash, the residual solution

is treated with sulphuric acid and binoxide of manganese, by which the
iodine is set free, the (Iccompoaitiou being analogous to that by which
chlorine is obtained by the same agency from common salt.

MaO, SO, MdO, so, -I- I

Iodine,

Nal + MaO. + ISO,

Iodide of Binoxide of Sulphuric

•odlam. manganne. add.

The prooeas ia conducted in leaden retorts of cylindrical form, and
heated on a sand-bath to a temperature not exceeding 212° Fahr., a
higher heat than this cauning losa from the formation of chloride of

iodine. At this temperature the iodine slowly vaporises, and passing

off through the neck of the retort is condensed to the solid form in a
aeriea of flasks connected together by the neck of each passing through
a hole in the bottom of the one preceding it.

Iodine is a aoft opaque solid, of a bluish-black colour and metallic

lustre. The primary form of the crystal is on acute rhombic octohe-

dron. The crystals are usually fiat. According to Gay-Lussac, its

specific gravity ia 4'947. When moderately heated, it rises in vapoiu-

of a violet colour, and hence its name from the Oreek {iMris, " ^^olet-

ooloured "). On cooling, it again crystallises unchanged, nor is it altered

by being subjected to very high temperatiu-es ; it has resisted all

attempts to deoompoee it. Iodine has a strong disagreeable odour and
taste, somewhat resembling bromine and chlorine ; it stains the skin of

a brownish colour, but not jiermanently. It is readily dissolved by
alcohol, and the solution ia of a reddish-brown colour ; so little is

taken up by water that a pound of that liquid will not dissolve more
than a gram of iodine. It is very poisonous. Its characteristic pro-
perty is that of giving an intense blue colour when added to a solution

of starch. It unites witli metals to form compounds, termed iodides;

theae are all decom|Kne<l by chlorine, or even bromine, iodine Vieing

UlMnted. They will be fmind described under the names of the
ratnaotiTa metals. Iodine, like chlorine and bromine, forms acids both
with hydrogen and oxygen.
The equivalent of iodine ia 126'8 ; ita combining volume, 2 ; and the

•pedSc gravity of its vapour, 8°7I6.

Oxygm ond Iodine combine to form probably four compounds.
When the vapour of iralino and oxygen gas are mixed at rather a
Ug^ temperaUire, the violet tint of the iodine dia^ipeara, and a yellow
aoft subatanoe ia formed, which is regarded by Semantini as oxide o/
iodine ; if this be subjected to the action of more oxygen gas, it \a

converted into a yellow liquid, which the same chemist supposes to be
iodotu add ; but the composition and projierties of these compotmds
have not been accurately detonninod.

Jodie Acid (10,).—Tliis oompoiuid waa first obtained by D.%vy by the
aotiao of iodine upon what he called euchlorine gaa. A bettor process
bowerer oooaists m heating the iodine in the strongest nitric acid. For
this purpoes the acid should be introduoed with about a fifth of ita

weight of iodine into a capadoua retort, and kept boiling for 12 hours;
the iodine which risea and oondenaea on the sides of the retort is to be
returned to the acid either by a giaaa tulio or by agitation ; when the
iodine diaappcan, the wti— of nitric acid is to be got rid of by evapo-

ration. Iodic acid is a whito aemi-tranaparent solid substance, whidi
may, however, be obtained in cryatala containing one equivalent of
water (HO, 10,). It is inodorous, but has an astringent sour taste.

It is ao dense aa to sink in suIiJiuric acid, and it deliquesces in a moist
atmosphere. It is very soluble in water ; the solution reddens vegetable
blue colours ; it detonates when mixed and heated with charcoal, sugar,
and sulphur. When cryatala of iodic acid are heated to 360* Fur.,
they become anhydrous, and at about 700° are decomposed into iodine
and oxygen. Iodic acid combines with metallic oxides to form salta,

which aro termed iodaUs, containing one, two. or three atoms of acid
to one of base, and these, like the chlorates, yield oxygen when heated

;

an iodide remaining.
Periodic Aeid (10,).—When chlorine is added to saturation to a

solution of iodato of soda with excess of the alkali and concentrated by
evaporation, a sparingly soluble whito salt is obtained, which is jht-

iodate oftoda ; when this is dissolved in dilute nitric acid and mixed
with nitrate of silver, a yellow precipitate falls, which, dissolved in hot
nitric acid and evaporated, yields orange-coloured crystals of periodato
of silver ; these ore decomposed by cold water, and an aqueous solution
of puro periodic acid formed; this by cautious evaporation yields

crystals, containing five equivalente of water of hydration. When
heated to 212°, they are resolved into oxygen and iodic acid.

Nitrogen and Iodine appear to form three distinct compounds, con-
taining respectively NH,I, NHl,, and NIj, derived no doubt from
ammonia (NH^ by the substitution of hydrogen by iodine, thus :

—

N{H
H

N^ n
a -<L «(!

Iodide of nitrogen, or probably, a mixture of the iodides, is best
prepared by dissolving iodine in aqua regia, and pouring the mixture
into strong solution of ammonia ; it then precipitates as a puoe-
coloiu-ed powder ; or iodine may simply be powdered and digested at
once in the ammonia, when an iodide remains insoluble in the state of a
dark brown powder. This compound is very explosive, especially

when dry : the best method of exhibiting its power is that of allowing

it to dry in small j>ortions on bibulous paper, and then simply letting

it fall on the ground or merely touching it, when it detonates with a
sharp noise, heat and light being emitted, and the vapour of iodine and
nitrogen gas evolved. It is not dangerously explosive in quantities of

3 or 4 grains.

Hydrogen and Iodine form hydriodic acid (HI), which may be pre-
pared by the direct combination of its elements. When a mixture of
iodine in vapour and hydrogen gas is passed through a red-hot porce-
lain tube, they combine to form this acid. It is however much more
conveniently formed by heating in a retort ten parts of iodide of potas-

sium, five of water, and twenty of itxline, and cautiously dropping in
one |)art of phosphorus cut into small pieces; hydriodic acid then posses
over in the state of a colourless gas, and may be collected by displace-

ment in dry bottles. This acid has a sour taste, reddens vegetable
blues, and when mixed with atmospheric air forms dense white fumes
with its moisture : its odour resembles that of hydrochloric acid gas.

It is soluble in water. The salts which it forms are termed iodidet.

When it is acted upon by metals, hydrogen is evolve<l, and when by
metallic oxides, water is formed, and in both cases iodides result.

It is decomposed by oxygen when they are heated together ; water
is formed, and iodine evolved. It is also immediately decomposed by
chlorine, which unites with its hydrogen to form hydrochloric acid,

and iodine is set free.

Chlorine and Iodine form two chlorides. The protoehlnride (ICI)

may be obtained by passing a current of chlorine gas into water in

which iodine is suspended. A deep reddish solution is formetl that
yields irritating fumes possessing the smell of both the elements : it

first reddens and then bleaches litmus paper. The terMoride (ICI,)

is beet formed by acting upon iodine with excess of dry chlorine gas.

It forms fine ruby-retl crystals.

Bromine and Iodine form compounds corresponding with the
chlorides.

Sulphur and Iodine.—Four parte of iodine and one of sulphur com-
bine on the application of gentle heat, and yield a product of dark
colour and radiated crystalline structure. It is easily decomposed by
heat.

Phoiphoria and Iodine unite in tw<^ proportions. The hiniodide
(PI.) is formed by dissolving one equivalent of phosphoms in bisul-

phide of carbon, anil adding two equivalents of iodine. On cooling the
mixture to a verj' low temperature, ociculor cn-stals of orange colour
are deposited. The Icriodide (PI,) is produced m a similar manner to
the lajst, three equivalente of iodine being used instead of two. It
forms dark red tabular crystals.

Carbon and Iodine appear to form no trae compound.
IODINE, Medii-inal I'roperliet of. Iodine, though only obtained in

an isolated sUte in the year 1811, has been long employed as the
efficient principle of other preparations and therapeutic agents, namely,
burnt 8p<ingc and certain mineral waters.

[
Watkb, sulwect. Mineral, in

Nat. Hist. Div.] It is only since it has been procured as a distinct prin-
ciple that its action has been ascertained with precision. In the present
day it is administered rather in some artifici,-il comimund than as pure
iodine, owing to ita very sparing solubility in water. Iodine in substance,
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however, when applied to the skin, stains it brown, and even the very-

small quantity which can be dissolved in water is sufficient to cause

rubefaction, and in the form of baths produces decided action both on
the surface of the body and the general system. When applied to

ulcers or any breach of the skin, it occasions heat and a sense of

pricking and tingling ; it is also absorbed, and may be discovered in

the blood and secretions of the patient. Taken internally, even in

small doses, it causes a sense of heat in the mouth and throat ; if much
diluted by the vehicle in which it is given, and the stomach be healthy,

it appears to do little more than increase the digestive powers ; but in

larger and stronger doses it creates great heat in the region of the
stomach, which becomes sensible to pressure, with a feeling of weight,

heartburn, and often nausea and vomiting. In very large doses it acts

as an irritant poison. It is not merely an irritant poison when taken

in a large dose, but is a slow or accumulative poison, even when taken

in medicinal doses for a length of time, inducing a peculiar state called

lodum. It has been generally represented as causing emaciation even
to a frightful extent ; but though this has occurred in some instances,

it does not seem to be frequent, if we except the absorption of certain

glands, especially the m.imm!c of females.

The diseases in which it has been found useful are glandular swell-

ings, especially bronchocele or goitre, which rarely resist* its action ;

in some strumous diseases, in chronic rheumatism, and also as an anti-

dote against poisoning with strychnia, brucia, and verataria : but its

claims to confidence are not clear in case of such formidable poisons.

It is often of use in lessening the injurious effects of mercury and in

the treatment of the sequela; of syphilis. (See Lugol, ' On Scrofula.')

A liniment composed of iodide of pota.'» along with strong liquor

ammonial and soap liniment, is extensively used in the hospital for

consumption at Brompton, as a counter irritant. A mixture of tincture

of iodine and tincture of opium, as an external application to the spine,

is most useful [Spinal Ibbitation], its use being suspended every
three or four days; or a solution of iodide of potass in compound
camphor liniment has the advantage of not discolouring the skin or

linen.

IODOFORM (CjHXj). This compound, which is analogous to chloro-

form in its constitution, is prepared by adding an alcoholic solution of

potash to one of iodine, till the coloiu- of the latter is destroyed ; care

must be taken to avoid any excess of the alkali ; the alcohol is evapo-

rated at a gentle heat, and as it goes off crystals of iodoform are

deposited, which are to be washed with pure water to separate the
iodide of potassinm.

The properties of iodoform are :—It has the form of yellow brilliant

lamiiuc, which have a slight disagreeable odour, somewhat resembling
that of saffron ; it is insoluble in water, but very soluble in alcohol,

ether, and pyroxylic spirit. It sublimes at 212°, and decomposes at
248°, into carbon, iodine, and hydriodic acid. Its alcoholic solution

decomposes very rva^lily.

lODO-PYROMECOXIC ACID. [Meconic Acid.]
lOUOQUININE. [CiNCHdXA, Alkaloids of.]

lOrxJSULPHURIC ACID (SO.Cl). An acid said to be formed
when sulphurous acid is passed into a solution of iodine in pyroxylic
spirit. Its existence is problematical.

IONIAN SCHOOL, comprises several of the earliest philosophers of

Oraece, whose speculations were predominantly of a physiological cha-

nuiter, and who, with one or two exceptions, were natives of the Ionian
colonies in Asia Minor. B'rom this purely external circumstance the
school has derived its name, and its members have been brought into

an unbroken connection of masters and disciples by the learned labours
of the later Greeks, who strove to give to the first development of

philosophy the same orderly transmission of doctrine which prevailed

in the later schools. Accordingly Anaximander is made the scht>lar of

Thales and the teacher of Anaximenes, who had two disciples, Diogenes
of ApoUonia in Crete, and Anaxagoras, whoso disciple was Archelaus of
Athens, or Miletus, in whom the school closes. Now, not to mention
that this purely artificial arrangement omits Heraclitus, the chief of

the lonians, it is also open to great ditBculties both of doctrine and
chronology. As regards the latter, however, wo shall only divert to

Uie general difiSeulty, that between six and seven generations (212 years)

are occupied by the Uves of Thales, Anaximander, Anaximenes, and
Anaxagoras. The incongruity of the received arrangements appears at

once on the sUghtest coasideration of the doctrinal systems of the phi-

losophers of this school. Agreeing in the hypothesis of a primeval state

of things, they differed widely in the mode in which they accounted
for the deduction of existing phenomena out of the primal substance.
One theory endued the universe with life, and considered the orderly
procession of all things to be a sp<^ntaneous development of a pre-

ezistent germ of life. A second accounted for all apparent alteration

in the form and qualities of natural bodies by certain changes in the
outward relations of space, and proceeded on the supposition of certain
permanent material elements which change place in obedience to mo-
tion, either originally inherent in or extrinsically impressed on the
mass. The latter is the mechanical, the former the dynamical theory
of nature. Of the dynamical theorists, Thales first of all taught that
all things are pregnant with life ; that the seed or germ of vitality,

which is in all things, is water, because all seed is moist and humid.
Of this potentially living entity Anaximenes advanced a still worthier
representation, and taught that the primal substance is infinite and

sensuously imperceptible. This principle is analogous to the animal
soul, and as the animal soul governs the body, so the universal soul
rules and embraces all things. Diogenes made a still farther advance,
and maintained that the harmony and design of the mundane fabric
suggest the unity and intelligence of its first principle. This principle
however he considered as simply physical, and only distinguished from
natural phenomena in this, that whUe it is infinite, as the principle of
all, they are finite. StUl bolder was the flight of Heraclitus, who
taught that the world is an overliving being, a rational fire, whose
vitality involves a tendency to contraries, and is ever passing from
want to satiety.

The mechanical theory is first opened by Anaximander, who flou-

rished not long after Thales, who conceived the ground both of pro-
duction and motion to be an eternal substance, which he called the
infinite, and wherein the immutable elements were indistiuguishably
combined. Out of this chaos certain primary contraries, as he con-
ceived them, cold and warm, earth and heaven, were first evolved, and
in the course of certain separations and combinations alternately pro-
ceeding, more perfect forms are spontaneously developed, to be ulti-

mately resolved into the homogeneous primary. After a long interval
of a century Anaxagoras revived the mechanical physiology, and dis-

tinctly advanced the principle on which it rests, that nothing is

changeable, but that the nature of every thing is permanent. Seizing
the contrariety of the moving and the moved, which the mechanical
theory is so well calculated to exhibit, he defined the latter to be
extended antitypous bulk, inert body, infinitely multiple both in
qualities and parts. The moving principle, on the contrary, is perfect,
simple, and homogeneous—soul or spirit, which, as moving the ele-

ments into combinations of order and beauty, is endued with the
faculty of knowing and surveying whatever was, and is, and shall be.
Archelaus rather abandoned than advanced the views of his master
Anaxagoras, and in him, as the teacher of Socrates, the Ionian school
became extinct before the more extensive development of the Socratio
philosophy.

(Bitter, Otschichte d. Imiacken Pfiilosophie ; and Brando's Getckkhte
d. Oriech.-R6m Philoi.)

IONIC DIALECT, the softest of the four Avritten varieties of the
Greek language, was spoken in the Ionian colonies of Asia Minor, and
in several of the islands of the .lEgeau Sea. As the new Ionic, it is

distinguished from an older, which was the common origin of itself
and the Attic. The old Ionic was widely diffused, and its use was
co-extensive with the Ionian settlements in the Peloponnesus and
Northern Greece. (Thirlwall, ' History of Greece.') The Unguage of
epic poetry arose out of this original tongue, which after the Dorian
conquest passed, on the one hand, with the fugitives into Asia Minor,
while, on the other, it continued to be spoken, for awhile at least, by
the conquered peasantry who remained in Greece Proper. This tradi-
tion, which however, like most of the fe-u-lier traditions of Greece, is

involved in great obscurity, in.iy perhaps serve to explain (what in the
common legends of Horner is otherwise inexplicable) the similarity of
the languiige employed by Homer and Hesio<l, who, though near to
each other in time, were widely separated in the supposed scenes of
their poetical labours. This first matured form of the Ionic has been
called the epic, and was faithfully adhered to as the standard of Greek
epic and elegiac composition by all subsequent writers of ejjos or elegy,
which also owed its birth to louians.

On the formation of the new Ionic, or simply the Ionic, great in-
fluence was exercised by the commerce of the lonians, and especially
by their intercourse with the soft and effeminate Asiatics. Neglecting
the combination of strength with softness wliich gave to the epic dialect
its characteristic fulness of tone, the loni.ans attended only to mellow-
ness and euphony, to attain which they softened the aspirates, accumu-
lated vowels, and laid aside every broader aud har.slier sound. Herod-
otus (i. 142) distinguishes four varieties (xapoKT^pes y\^(Taris) of the
new Ionic, in one of which he wrote, and, though a Dorian, has left us
the best and most complete specimen of it.

IONIC ORDER. [Column ; Ghkcjan AncHrrEcrnKE.]
IPECACUANHA is an emetic substance, the root of several plants

growing in South America. All the kinds have nearly the same ingre-
dients, but differ in the amount of the active principle which they
respectively contain, termed emetina. The best is the annulated,
yielded by the C'ephaelis ipccacvMnha, a small shrubby plant, native of
Brazil and of New Grenada. Of this sort there are three varieties,

namely, the brown, red, and gray, or gray-white, called also greater
annulated ipecacuau. As this is the only sort sent from Rio Janeiro,
it is sometimes called Brazilian or Lisbon ipecacuan. It is sent in
bales, barrels, bags, and serons. The root is in pieces from two to six
inches long, and about the thickness of a straw, much bent or twisted,
either simple or branched, with a remarkably knotty character, owing
to numerous circular depressions or clefts, which give the whole an
appearance of a number of rings ; and hence the term annulated. It

consists of a central axis called medituUvum, and an external portion,

called the cortical part. One hundred parts of good ipecacuanha con-
sists of 80 parts of cortex aud 20 of meditullium. Each contains
emetina ; but by far the greater portion exists in the cortical. Of the
three varieties of annulate<l ipecacuanha the brown contains 16 per
cent, of emetina, while the red contains only H percent.; the gray
has not been analysed.
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AooUier sort o( ipecMuan k obtaiiMd from the Pt]ichotria twutiea,

aallwl itnatcd ; this kind oootaina only 9 p«r cent, of emstiiu, and the

uaduUtad or amyUoeoua ipecwsuan.
'°

' too ol the JiMonboiita
icullrn, holds only 6 per oont ot eu: 92 per cent, of starch.

Basides these, the roots of numerouo .'...... ,'...iiU are used in tropical

countries a* emetics, and often termed ipecacuan.

The dust or powder of ipecacuan ^>plied to any mucous sur&ce
eaoses irritation and increased secretion from the |>art. It is chiefly

employed to excite tho stomach either' to augmented secretion or to

inTwt it* action, and eflect romiting. It is also capable, by being
combined with other subetanoes, of being directed to the skin, ana
producing inoreMed perspiration. When given in very small doses, it

improTes the appetite and digestive powers ; in a somewhat larger doae,

it acta on the intestine*; but iu n stUl larger, it inverts the action of

the stomach, and oocaaiana vumiting. It may therefore be used in a

great many diseases, sudi as indigestion, dysentery, rheumatism,
oommoD colds, croup, kc [Emeta ; Emetics ; OurBOBKTics ; Abti-
DOTIA.]
Some caution is requisite in using it, eq>ecially with children, as

it has a great tendency to produce ueep, and deep depression some-
timaa follows its use. When an emetic action is required, powder
having a nauseous odour is preferable, ; when a diaphoretic action is

desired, as at the commencement of a common cold, ten or fifeeen

drops of ipecacuan wine are proper, out of any mild warm drink.

In case of violent vomiting from an over-dose, infusion of strong tea

or oak bark may be given, and a mustard poultice applied to each side

of the neck.

IPECUANIC ACID (C„H„0„ J). An acid of doubtful composition,
found in the root of the Cephailit iptcacuanlia. It is amorphous, red-

browu, and very bitter. It gives a green colouration with persalts of
iron, and a violet-black with ammonia.
IPOM.«A PUKUA. [Jalap.]
IPOMIC ACID. [Sebacic Acid.]
IRIDESCENX'E. A term appliml to those brilliant colours which

appear on substances presented in very thin plates, such as the soap-
bubble, the lamina: of mother-of-pearl, iu. [Intebfekence.]
IRIDIOCYANOGEN(Ir€.N,) is a hypothetical compound radical.

It forms with hydrogen iridiocyanic acid or hydroiridiocyanic acid, and
with potassium an iridiocyauide of iwUseium. The latter occurs iu

the form of colourless crystals, and gives a deep indigo blue w^ith the
salt* of peroxide of iron. This is one of the many compounds of a
metal with cyanogen, like ferrocyanogen, and which have all the power
of combining with other metals possessed by that body. Thus there are
cobaltocyanogen, chromocyanogen, platinocyanogen, &c. [Cyamckien.]
IRIDIDH (It). An elementary metal occurring in certain ores of

platinum. [Platocum, in Kat. Hist. Div.] It was discovered in
1804 by Tennant, but has since been more minutely examined by
MM. Deville and Debimy. The following is the metltod recommended
by those diemists for the extraction of iridium from the other metals
with which in nature it is always associated. The impure chloroiridiate
of ammonia obtained in the preparation of the metal ruthenium
[BuTHtxiuu] is dried and calcined, and the resulting powder subjected
to a stream of hydrogen, whereby all traces of chlorine an& oxygen
are removol. Platinum and some osmium are now extracted by aqua
regia, and ruthenium separated by fusion with nitre and caustic potash,
the alkaline xalts being dissolved out by water. Any numiiim that
raaiains may be dissipated by the oxidixiug flame of the blowpipe, and
thepure iridium fused in the oxybydrogen lime furnace.
The colour of iridium is pure white, somewhat resembling polished

steel. At the ordinary temperature it is scarcely malleable, but at a
bright white beat it is perfectly so. The specific gravity of iridium is

21-15
; its equivalent, 98-fiO. In the pure state it is unacted upon

by acids.

Iridium and (uygen combine in three diiTerent proportions forming

Protoztde of iridium IrO
Desquloxlde of iridium Ir.O,
Biaoxids of iridium IrO,

The proiojridt is a black powder obtained on decomposing the dry
nrotochloride with solution of potash. It is difficultly soluble in acidw,
but is rapidly attacked bjr alkalies The laquifuide is formed when
the finely divided metal is ignited in a current of air ; it is a bluish-
black powder. The binojidt is, acconling to Clausa, always precipi-
tated as an indigo-coloured hydrate when either of the chlorides of
iridium is boile<l with an alkalL

Iridium and n/jihiir form combinations corresponding to the oxides,
and may be obtauied by passing sulphuretted hydrogen through solu-

*!?*_f 'i

^^ ""P*^^' oxide* in acids. The pntondphide (IrS) is
yallowish brown, the tetquinUphUlc (Ir S,) l^own-Uack, the binUphiiU
(Ir 8j), like the protosulphido, but darker.
Indium and rUimnr form three c<mi|iounds :—
Pntochloridt of iridium.- (\t C\) is formed on passing chlorine gas

orer finely divided iridium heated to incipient redness. It is a dark
ohvegreen powder, insoluble in water, and but sparingly soluble in
acids, but when fused with potash and the resultmg oxide dissolved in
hydrochloric add and evaporated to drrncM, the protKwhIoride remains
at a transparent yellow maas readily soluble in hot water.

SnquirMloridc of iridium sublimes when the finely divided metal is

strongly ignitol iu n current of chlorine. In this sUte it is insoluble
in water, but when pr<-|<arc<I by oxidising iridium with fuiKxl nitre, and
digecting the residue in hydrochloric acid, then forms with water a
red-brown solution.

BkMoridt of iridium (IrCI^ results when chlorine gas is paased
throu^ water in which chloro-iridiate of auimuuia is dilTuscd. With
alkaline and other salts bichloride of iridium forms double salt*

J in comiwHition to the analogous platinum comiuninds.
I and carbon. When metallic indium is held in the flame ol

a spirit lamp, a soft, dark gray iiowdcr forms on it* surface, owing to
the penetration of carbon from the spirit into the metaL

Iridium forms combinations with photphonu and iodine j its oxides
also form lallt n ith some oxygen acids, but the resulting compoimds
have been little Htudied.

Iridium-btacl; haviug qualities very similar tu platinum-black, is

precipitated on boiling an alcoholic solution of biKulphate of iridium.

The allojft of iridium produced in a well fused state by the employ-
ment of the oxyhydrogen lime-fumaoe described by MM. Deville and
Debray ('Annolca de Chimie et de Physique' for August, 1859)
possess properties that render them exceedingly valuable in the arts.

Thus the platinum alloy, containing 2r3 per cent of iridium, is

perfectly malleable, and may be worked into vessek possessing greater
rigidity than if constructed of platinum alone. Such vessels, more-
over, ore quite unacted upon by acids, and the operation of dissolving
platinum in aqua n^a may be conducted in them without risk of
their sur&ce being acted upon.
The derivation of the word Iridium is from Irit, the rainbow, being

suggested by the many tints assumed by solutions of the oxides of
this metal.

IRIDIUM-BLACK. [Ibidiom.]
IRIS. [Rainbow.]
IRITIS is an inflammation of the iris, the membrane that

surrounds the pupil of the eye. [Eye, in Nat. Hist. Div.] It most
frequently originates in a disordered state of the system, as in gout or
syphilis, but it sometimes follows the exposure of the eye to on mtense
light, or is produced by external injury, as the wound which is made
in the operation for cataract, &c.

Iritis is principally characterised by an effusion of lymph, both into
the subetonce of the membrane, producing a i>cculiar dullness of its

colour, and on its surface in the form of small masses which adhere at
the edge of and around the pupil. The eye is at the same time irritable
to light, and the pupil is closely contracted ; there is redness of the
conjunctiva, and a zone of a bright pink colour is usually seen
surrounding the margin of the cornea.

Iritis is very likely to end in adhesions of the iris to the adjacent
parts, by the lymph which is deposited upon it becoming organised,
and having its vessels united >vith theirs ; in which cose, irregularity
in the form of the pupil, a loss of its power of controctmg and
dilating, or even it* complete closure and obliteration, with corres-
ponding degrees of obscurity of vision er total blindness, may ensue.
These results may be produced in a few days ; and« the treatment
must therefore be prompt and vigorous. Blood should be drawn
by cupping or leeches from the head or neck ; mercury is usually
administered in frequent and full doses till soUvation is pro-
duced, and belladonna should be applied to or around the eye,
to produce dilatation of the pupil and thus prevent it* being
closed.

IRON, Medical Propcrtiet of. Iron, in a purely metallic state, does
not exert any appreciable influence over the human system. Never-
theless metallic iron is recommended a* an antidote to jmisoning by
the salts of copper. Iron filings have been administered with a view
to precipitate the copper in a metallic and therefore innocuous state.
White of egg is a more prompt and generally more accessible antidote.
The employment of iron filings to absorb foetid exhiUations from the
feet is less beneficial than that of recently prepareil and freshly pow-
dered charcoal, put every morning into the shoes of those a81iut«l with
this annoyance. Iron fihnga are sometimes prescribed medicinally, but
before anymarked effect can be produced by them, the metalmust become
an oxide or a salt ; tho presence of any acid iu the stomach or alimentary
canal promotes this change, while alluUies retard it. This form has
been adopted iu the treatment of worms, chiefly from the notion that
the worms would be annoyc<l and dislodged by tho mechaiiiciU irritation

of ]iarticles of iron. This is on erroneous view. [ANTHELiiiXTics.]
Tincture of seikiuichloride of iron in infusion of quassia is extremely
beneficial in all canes of worms, but it* efficiency depends on its tonio
and astringent pro|>erUes.

A few- only of the pre|>arations and Uiies of iron con be given here.
Sesquioxide of iron (rust, or the subcorbouate of some pharmacopoeias),
ha* been given in tic douloureux, m very large doses ; in some instance*
with success. It is likewise useful in some cases of spasmodic con-
traction* of the joint*. Tho very large dose* in which it is required to
be given is a serious impediment to its use ; for not only are the patients
avene to it, but it clogs the intestines, which require to be frequently
cleared out by a briak cathartic. It is less objected to when given
in London porter, a very suitable vehicle.

The Mack oxide is not so liable to obiaction, as it Is more readily
soluble in the fluids of the alimentary caou.
Ammonio-chloride of iron poasesaes no advantage over the simple
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chloride ; the tincture of which, called tincture of eesquichloride of

iron, ia extremely valuable as an emmenagogue ; it likewise ia very
beneficial in checking menorrhagia proceeding from relaxation of the

uterus. It checks hsematuria from relaxation of the tissue of the
kidneys. In catarrh of the bladder it is very serviceable. In frequently

repeated small doses it relaxes spasmodic stricture of the virethra.

But the feeling of nausea and sinking which it causes, renders patients

averse to its repetition. It acts aa a potent astringent when applied

externally or to mucous membranes as an injection.

Sulphate of iron can be given in small doses, in pills or otherwise.

Its powers are often much heightened by combination with sulphate of

quinia. In nervous debility and indigestion this form is valuable.

The potassio-tartrats of iron has less unpleasantness of taste than
most of the other preparations of iron, and is therefore more accept-

able to children, to whom also the vinum ferri is much prescribed.

Both these are nearly superseded by the citrate or ammonio-citrate of

iron, which can be given in the form of lozenge or syrup. The latter

given in warm water or lemonade is relished by mojt children. Still

the potassio-tartrate has many recommendations.
Iodide of iron is a preparation of great value in strumous disorders.

The same may be said of the phosphate of iron, a preparation for-

merly in the * London Phammcopccia,' and now most unjustly excluded
from it. In the phosphatic diathesis of feeble subjects, with a tendency
to rickets, it is invaluable. The dose for children is a very few grains,

cautiously increased. The numerous preparations of iron recently
introduced by chemists have not been sufficiently tried to permit them
to be spoken of with certainty; but in many cases their utility is

obvious. Of these the chief are citrate of iron, potassio-citrate, soidio-

citrate, zinco-citrate, magnesio-citrate, ferro-citrate, and citrate of
quinine and iron ; this last is of great service in tic douloureux.
A better form is the pyro-phosphate, which is soluble in water, wann

or cold ; the form of this in pseudo-crystalline scales, is a pyro-phosphate
of iron and soda. This along with rhubarb is a most efficacious cure
for the headaches of most young females.
The saccharated carbonate of iron has many advantages. It may

quite supersede the well-known Griffith's mixture. Hydrated proto-
snlphuret of iron is stated to be an antidote to poisoning by corrosive
sublimate, but to be of use it must be given within ten minutes after
the poison has been taken. White of egg is a better antidote.

Chalybeate waters often furnish the best medium for administering
iron ; especially when the iron is associate<l with much free carbonic
acid. Where no free carbonic acid is present, and in some instances
even where it exists, the water of the springs should be received in and
drunk out of inxt-n water. This often prevents the spasm which is apt
to occur when very cold water h suddenly taken into the stomach.

Besides being reputed an antidote to the poisonous salts of copper,
iron is asserted to prove an antidote to other violent poisons.

Hydrate of peroxide of iron, called also hydrated peroxide of iron, is

considered a trustworthy antidote against arsenic, if administered
promptly, while the arsenic is yet in the stdmach, and not ab8orl)ed.
Frussic acid may be decomposed or combined, so as to be rendered
innocuous, by giving promptly, first, solution of carbonate of potass,
followed by a very diluted solution of the proto-persulphate of iron

;

the object being to form a ferro-prussiate of potass in the stomach.
(See ' Lancet,' 5th October, 1844 : or ' Pharmaceutical JourmJ,' vol. iv,

p. 373.)

Phytidogical Effect* and Therapeutic Employment of Iron.—Iron exists
both in plants and many animals, as the mammiferse and birds, con-
stituting an essential part of their fluids and solids ; but, incorporated
as it is thoroughly with them, it gives rise to none of those phenomena
which it occasions when taken into the stomach. Upon the living
tissues iron has a tonic influence ; and as its preparations greatly
promote digestion, they excite the appetite and render more easy the
elaboration of the aliment. The vitality of the digestive organs being
exalted, they extract from the food more of the nutritious principles,
and thereby furnish a greater quantity fit to be assimilated.

These beneficial effects are best seen when the medicine is given in
small and long-continued doses, or in the greatly diluted state in which
iron occurs in the mineral waters or chalybeate springs. On the other
hand, chalybeates occasion at times, especially if in large doses, pain of
the epigastre, nausea, foetid eructations, and great anxiety; conse-
quences referable to the immediate impression, a sort of constrictive
action, which the prejjarations of iron make or exercise when they
raach the stomach, upon its internal surf^, and the nerves which are
distributer! upon it. The unpleasant effects may generally be avoided
hj giving it at first in very small doses, gradually increasefl. or by
diluting it with some vegetable substance of little activity.

Iron given in large doses, when it reaches the intestines, produces in
some persons obstinate constipation, accompanied with a sense of great
heat in the lower bcUy ; in others it occasions colics and frequent alvine
dejections ; while with a third set of persons none of these effects
follow its arlministration.

During the use of iron the fieces invariably become blackened, which
is caused by the tannin of our food acting upon the iron.

In respect to the secondary effects of iron, the amoimt of these
depends upon the quantity absorbed, and the length of time it has
been given. That it is absorbed, in most instances, and carried into
the drculation, is proved both by the effects of it being felt over the

whole system, and by being distinctly recognisable in the urine on the
additiou of an infusion of galls. When used for some time, chalybeates
increase greatly the power of the heart ; the pulse becomes stronger

and harder—effects most observable upon persons previously enfeebled
by disease. If persisted in, they cause increased arterial action, followed
by febrile commotiou, sense of heat, and hfcmorrhagic discharges from
different parts of the body. These phenomena show themselves most
speedily in persons of a plethoric habit and sanguine temperament

;

iron also rouses the absorbent organs when sluggish.

The functions of nutrition and assimilation are greatly heightened
by the use of iron ; but if it be too long persevered in, diseases of over-

action ensue, as inflammations, hoemorrhages, &c. These symptoms
indicate the necessity of discontinuing it. ^

The preparations of iron are imquestionably efficacious in diseases

which proceed from a relaxation of the substance of the living tissues,

from an inactivity of the reparative or assimilative function, or in
case of weakness proceeding from deficient supply of nervous energy.

Hence they are indicated in antcmia, in convalescence from debili-

tating fevers, and other tedious diseases, as well as after some of the
more acute phlegmasia!, as pneumonia, the cough remaining after which,
if not occasioned by any organic change, is sooner removed by prepara-

tions of iron or bark than any other means. Chalybeates are likewise

given in defective menstruation from debility of the uterus, and some-
times in sterility. In chlorosis irou is iUmost our sheet-anchor, while
it is also very serviceable in some forms of dyspepsia, also in worms,
(in which the sulph.-ferri is given in large doses), in passive heemo-
rrhages, and it is prescribed empirically in many of the cachexiae, as
scrofula.

Chalybeates are found useful in many nervous diseases, as hysteria :

the cough which is often present in these complaints may be effectually

removed by preparations of iron. The indurations, too, of the mamma)
(apt to be considered of a cancerous nature), and of other glands in

hysterical females, are often dispersed by the use of iron. Some of
the forms of tic douloureux, not dependent upon organic causes, are
often cured by chalybeates. Iron has likewise been prescribed in the
intervals of the paroxysms of intermittents, particularly quartans.

The sulphate is given in the dose of 3i. ina pint of water,—in which
circumstance it can only act beneficially, like cinchona or bitter

tonics,—iron being among minerals what bitter herbs are among
vegetable remedies.

Chalybeates are con<ro-indicated in plethora and all inflammatory
diseases, as well as active hfcmorrhages, as also during pregnancy in
females of a sanguine temperament.
IRON MANUFACTURE AND TRADE. The art of smelting

iron was practised in this country during the time of the Roman
occupation. The principal seats of the manufacture appear to have
been Sussex and the Forest of Dean, or Arden as it was then called.

It is known that iron-works existed in that part of Gloucestershire
in 1238 ; because there occurs among the patent rolls of Henry III.

of that date, one entitled ' De Forgeis levandis in foresta de Dean.'
Remains of ancient iron-furnaces have been noticed in Lancashire,
Staffordshire, and Yorkshire. The art of working in iron and steel

was much practised in this island before the Norman conquest. We
are told that not only was the army of Harold well supplied with
weapons of steel and with defensive armour, but that the horses
were covered with steel and iron armour, and that every officer of

rank maintained a smith, who constantly attended his [master to the

Fig. 1.—Vertical Section of Blast I'urnace.

wars, and took charge of his arms and armour to keep them in proper
repair.

There are three principal qualities into which this metal is com-
monly divided, namely, pig-iron, cast-iron, and malleable or bar-iron.
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Um nooad uul thitd being Um rwulta of an extenaion of the pro-

MMW ncoeHsn- for the production of ths fint

Pig^nn.—The first prooees is that of reducing the iron-stone or ore,

or, as it is technically called, the mi«r, into a metallic state by means

of fusion. This operation is conducted in a blait-ftimacr, the form

and construction of whidi will be understood from the following section.

The interior of this furnace in the broadest part, which ia odled the

hmka, is usually fmm 14 to 17 feet in diameter, aaiil this is gradually

decreased to about half that diameter at the top. The whole is built

of masonry, the lining to the fumaoe being composed of fire-bricks

carefully jointed together with fire-cby : the whole furnace is strongly

bound together wiUi iron hoops or iitays. The furnace is spin con-

tracted bdow the boshea, and into thi« lower part the melted iron falls

aa it is formed. The groimd-plan of this lower part of the funiaoe is

eoartrueied as shown m the following diagram, where the unshaded

Fi;. 2.—around Plan of Blast Fnmace.

square in the centre represents the hearth , and ia about 3 feet square.

The three tubes leading to this hearth (two of which are shown in the

vertical section), and which are called tuyeres, ore used for introducing

the blast of air required to give the degree of intenseness to the heat

necessary for fusing the ore.

The size and form of the blast furnaces have undergone much
change. Slight difi°erences will be observed by comparing the section

in fig. 1, with that at col. 241 of the article Fvrxace ; but the modem
alterations have been still more considerable. Half a century ago the
furnaces were generally about 40 feet high, 10 or 12 feet across the
boahes, and 34 feet diameter of tunnel-head, or cylinder, at the top ;

and they were blown with only one tuyere each. By degrees the
tunnel-head has been enlarged to 10 feet; the tuyeres have been
increased from one to three ; a new form has been given to the

lower part of the interior; and in some instances, such as that of

Messs. Dixon's works at Oovan, near Glasgow, the whole furnace is

made cylindricaL The largest furnaces are now 60 feet high, and
about 40 feet square at the base. Engineers are still divided in opinion

cooccminK the best nie of the throat, or contracted part between the

body of tAe furnace and the tunnel-head ; but all agree that it should
be much longer than those formerly employed.
We have now to notice the fiUiug of the furnace with iron-ore, coke,

and limestone. The ore must prenously have been roasted or calcined

-
t

Tig. ».—Wllln» Blait Pumsce.

in a kiln, in order to drive off the water, sulphur, and arsenic, with
which it is more or leas combined in its lutive state : by this process it

loaea one-aizth part of its weight. One of the recipes for imeltin

iron, in use a few yean ago, gave the proportion at IS tons of roasted

iron-ore, 22} tons of coke, utd about tijns of limestone ; but these

pro|>urtion8 vary aocording to the quality of the iugrodienta, and the

routine of processes. The ingredients are supplied at equidistant

chaives, and must be intimately mixed togetlier in the fumaoe.

The limestane must be bix>kcn iuto small pieces ; its use is to act aa a
flux to the ore and promote its fusion. The mode of filling the funwoe
varies a good deal. In Wales, the blast furnaces are usually built on
the slopes of hills, so that the minerals can easily be brought from the

mines to the top of the furnace ; but where the latter is built on the

level of the ground, aa in most of the midland districts, the minerals

must be raised to the proper level by steam, water, or pneumatio

power. Inclined pianos have generally been used ; but tMae are in

many works being superseded by a direct vertical lift. One of the

filling-mouths at the top of a fumaoe (of which there are sometimea

lour) is shown in Jig. 3. The usual plan is to throw in the ore, ooal,

and limestone in alternate barrowsiul ; but Mr. Slate, in 1859, pro-

posed a new method. He makes the furnace-mouth very wide, and

places over it a bridge supported by iron girders. A cast-iron pipe

deaoends vertically from the bridge into the furnace, and is continued

down beneath the surface of the burning material ; the greater portion

of the fuel is fed in through this pipe ; while the other materials are

fed in through the open mouth of the fuitiace ; insomuch that the fuel

is alwaya in the middle, and the ore and flux around it. A valve lifts

up the cover of the central pipe ; and several scuttles or openings are

left to admit the other materials. How far the cast-iron pipe will

bear the intense heat, is a point not yet satis&ctorUy determined.

Supposing the fire to be lighted and the minerals introduced, the

next matter is the important one of the blast. The heat that would
be produced in any furnace' by merely setting fire to the fuel which ia

thrown into it would be altogether insufficient for the fusion of the

ore, if its intensity were not promoted by the forcing in of a current

or blast of air. For this purpose it is necessary to use a strong

mechanical force. Water-wheels, where they can be had, are suitable

agents ; but there are not many places where a sufficiently copious

and regular supply of water at all seasons can be eommaniletl, and
the success of an iron-work would be destroyed by the failure of the

blast in any degree for even a short time. Steam-engines ore now,
therefore, almost universally preferred. This power is applied to the

working of a blowing cylinder, which may be many times the area

of the cylinder of the steam-engine. If the blast thus produced

were passed immediately from the blowing cylinder through the

tuyeres to the furnace, the eflTect would be intermitting and irregular,

ceasing at the end of each stroke of the steam-piston. To remedy
this iuconveuience the blast is carried into an intermediate chamber of

a spherical or cylindrical shape, called a regulator ; and as the air is in

a state of condensation when admitted, its efibrt to expand itself again
to its natural volume causes the continuous and regular supply to the
fumace which is necessary. The air thus forced into the furnace keepa
the heat at a high degreg of intenaenesa Until about thirty years ago,

the air thus supplied was uniformly at the temperature of the atmos-
phere from which it was immediately taken ; and the effect was not
only to produce a stream of cold air, but also to supply a quantity of

moisture which is prejudicial to the smelting process. Atmospheric
air always contains moisture in some degree or other, but holds a
larger proporti<<n in hot thou in cold weather, for a very obvious reason,

and this causes the funiaccs not to work so well in summer as in

winter. By the previous drj'ing and heating of the air these incon-

veniences are remedied, the consumption of fuel is lessened, and the
absence of moisture is said to have a beneficial effect upon the quality

of the iron produced. This improvement was the invention of Mr.
Ncilson, of the Clyde iron-works, and was made tlie subject of a
lutent in 1829. The air, before it is forced into the furnace, is heated

in cast-iron vessels to 800° Fahr., or more, and is thus more nearly

than when at its natural temperature in a condition to support com-
bustion.

The precise value of the hot-blast has been a subject of very animated
controversy. That it has contributed greatly to the advance of the
manufacture is beyond all question ; but some persons appear to carry

this estimate to too high a degree. Just before Mr. Neilson introduced
hia method at the Clyde Works, it was customary in that establixhrncnt

to use eight tons of coal for making one ton of iron ; in the next
following year the quantity was reduced to five tons and a quarter,

with an addition of eight cwt for heating the air before using. In
1881, Mr. Dixon, of Calder Works, found that if the temperature of

the blast were raised far above 300* Fahr., raw coal might be used
instead of coke in the bUst fumaoe—a most important ducovery, for

it rendered unnecessary the cost of time and money in coking the ooal

for making certain descriptions of iron. From that time it became
usual to raise the bUst to 600* Fahr., about sufficient to melt lead or

sine. In 1838, it was aaaerted that three tons of coal sufficed, including
that for heating the air, for smelting one ton of iron ; and that the
same quantity of air would blow four furnaces as had previously been
used for three. The hot-blast has from the first been more favoured
in Scotland than in Wales or in Staffordshire; nevertheless it is in-

creasing everywhere in use. Mr. Truran takes exception to some of
Mr. Muahet's statements concerning the enormous saving effected by
using the hot-blast. He contends that only a part of the economy
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now unquestionably observed in the manufacture is due to this cause,

the rest being traceable to other improvements. He shows this by
adducing the important fact that furnaces, in which the hot-blast haa
never been employed, continue to increase their produce. This has
been especially observable at the great Dowlais Works, near Merthyr
Tydvil, where the economising of fuel has been very great without any
change in the temperature of the blast. Mr. Truran attributes these

improvements partly to an increased use of carbonaceous ironstone,

and partly to an enlargement in the throat of the furnace, which
facilitates the use of raw coal as a substitute for coke. At the Ply-

mouth and Duffryn Works, one in Glamorganshire and the other in

Monmouthshire, the yield has gradually increased to 130 tons of

pig-iron per week, from an average of much less than half that

quantity, without any departure from the old cold-blast. Some of

the steam-engines now employed to send the blast into the furnaces
are quite stupendous. The blowing cylinder of the engine at the
Dowlais Works is 144 inches in diameter, and makes 19 strokes per
minute, with a length of stroke of 12 feet : it sends in 50,000 cubic
feet of air per minute, at a pressure of 3 lb. on the square inch ; and
its boiler-furnaces consume a ton of coal per hour to raise the neces-

sary steam.

The blast, whether hot or cold, having done its work, the metil
contained in the ore haa become liquefied, and is then ready for

removal. The iron is run from the furnace every twelve hours, by
tapping it in the front, on a level with the bottom of the hearth, at

the side on which, as will be seen from the diagram, there is no tuyere
introduced. When the furnace is tapped, the metal is allowed to run
into channels formed in the sand of the smelting-house floor. The
names of toic-metal and pig-metal, which were originally given by the
workmen, signify in one case the blocks of iron which are formed in

the large main channels, and in the other case the smaller blocks which
are formed in smaller side channels communicating with the larger

ones ; these names were adopted from the fancied resemblance of the

cast metal to a sow and her litter of pigs. This is iron in its crudest
state. The weight of materials lost in its production is somewhat
greater than that of the fuel used ; taking into accoimt the refuse

cinder and ashes with the metal, the whole does not weigh quite so

much as the ore and lime that have been put into the furnace. Large
he^w of cinder are gradually accumulating in the neighbourhood of

iron-works, and give a dreary aspect to the country.

The quality of pig-iron varies according to the purposes for which it

is intended, and depends not only upon the quality of the ore, but also

upon that of the fuel. The principal division is into fmindry-iron and
forge-iron , the former being used for castings, the latter for conversion
into malleable iron. Foundry-iron is further divided into three

qualities, distinguished by the numbers t, 2, and 3. No. I contains a
Urge proportion of carbon, which it has acquired from the coke used
in smelting, and the quality of which has been chosen with a view to

the production of this kind of iron ; it is soft and very fluid when
melted, so that it will run into the finest and most delicate forms the

moulder can produce. No. 2 contains a smaller proportion of carbon

;

it is harder than No. 1, closer grained, and of more regular fracture ; it

is more refractory in the furnace, and does not run so freely when
melted as No. 1 ; but as it is harder and stronger, it is preferred for

purpoee* where strength and durability are required in preference to

delicacy of form : these two kinds are unfit for conversion into bar-

Fig. 4.—CMtlng Iron Pipes.

iron. No. 3 varies in the same direction as No. 2, but in a greater
degree, from the qualities of No. 1 ; it is used for many kinds of heavy
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work, where it has to bear great strains and is exposed to constant wear.
Forge-iron is divided also into three qualities, and is distinguished as

bright-iron, mottled-iron, and white-iron, which names are indicative

of the appearance each quahty presents to the eye. They all of

them contain some carbon, but less than foundry-iron, and in propor-
tions diminishing in the order in which they are here mentioned, white-
iron having the smallest proportion of any, and being exceedingly hard

;

its fluidity too is so small that it runs with difficulty into the channels
provided to receive it at the first smelting, and it is altogether

incapable of being afterwards used for foundry purposes.

Cast Iroti.—Of casting or founding we ueed not speak here ; it has
been sufficiently noticed under Foundino, and under other headings
cited in that article. One of the modes of casting iron-pipes is shown
iajig.i.

Malleable-iron.—This, which is also called forge- or har-ircm, is pig-

iron freefl from carbon and oxygen. The first operation for producing
this change is called refining. It is performed in small low furnaces
about three feet square at the base, having the bottom or hearth of
fire-bricks, and the sides of cast-iron, made hollow to allow a stream
of water to pass constantly through, which prevents their being quickly
burnt away ; near the top are holes for the insertion of blast-pipes.

These refineries have iron doors at the back, but are open in front

;

the whole is surmounted by a chimney of brick-work carried to the
height of 20 feet from the ground. At the level of the hearth in front is

a hole similar to that in the smelting-fumace for running out the melted
metal. This communicates with a flat mould of cast-iron 20 feet long
and 2 feet wide, placed over a cistern of water with which its under
surface is in contact, and which serves to cool the metal rapidly as it

runs into the mould. The iron is kept in a state of fusion in the
refinery for some time, exposed to an intense heat produced by a
strong blast. From the sudden cooling to which it is exposed, the
plate when run into the mould is very brittle : when broken the
fracture presents a bright silvery appearance. From 22 to 23 cwt. of
pig-iron is required to produce one ton of refined iron, and from
10 to 12 cwt. of coke is used for the purpose.
The iron being refined, the next process employed for making bars

is called puddling, and is performed in a reverberatory furnace, thence
called a paddling-furnace. The structure of this furnace will be ex-
plained by fig. 5. In Uiis diagram a is the grate, which is supplied

Fig. 5.—Section of Puddling Furnace.

with coal through a door in the side. The refined metal broken in
small fragments is placed in the body of the furnace b, over which the
flame is made to play in its passage to the chimney, c. The degree of
the draft is regulated by a damper on the top of the chimney, which
is about 30 feet high. Such is the intenseness of the heat in these
furnaces, that when the damper is raised the flame is sometimes
carried to the top of the chimney. Compare this cut with one in
the article Furnace, col. 240, for a few additional details. The quantity
of refined metal put into this puddling-furnace at each charge is from
34 to 4 cwt. In about half an hour from the charging of the furnace
the metal begins to melt. The puddler then observes, through a small
hole provided for that purpose and for the introduction of his tools, the
progress of the work. The business of the puddler is so to dispose of
the pieces of metal, moving them by means of his tools, as to ensure an
equable application of heat to the mass. When the whole quantity is

fully melted, the puddler stirs the metal about briskly, changing his
tools continually that they may not be melted. By means of this
agitation the metal gives off an elastic fluid, and after a time becomes
thick, and grows increasingly so, until it loses all fluidity and forms
into lumps. The contents of the furnace are then divided into five or
six portions by the puddler, and each is made up by means of his tools
into a roundish form. These balls are technically called blooms. Being
taken from the puddling-furnace they are subjected each to several
blows from a heavy hammer (called shingling), which makes them more
compact and gives them a shape more convenient for going through the
rollers. The form and construction of these rollers are shown in the
following diagram. The bloom is passed in succession through the
holes in a, beginning with the largest and proceeding to the smallest

;

or through the grooves in the second roller b ; and is thus reduced
to the requisite width and thickness. By these rollings the iron is

converted from a fusible, hard, and brittle substance, to a tough
and elastic bar which is hardly fusible, and which from its property
of yielding and altering its form under the hammer has acquired the
name of malleable iron. The quantity of refined metal required to
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I uDe ton of tbeaa rough ban ii kboat 83 owt, sod Uw quaaUty of

wal wiMiinied in the prooaa is about 17 owt.

Fig. 6.—Puddling KolloM,

All the prooauM of reaning, pudilling, and blooming, like those of

•melting, have undergone numerous improvenienta within the last

few yean. Refining is always needed for making the best iron ; but

it is not lo much adopted ns formerly for the medium kinds. Some-

timas, inatead of refining and puddling, a process called boiling is

dofited ; aad this practice has of late been greatly extended. Those

who ' boil their pigs,' as it is termed, do so under the imprecision

that it obviates some of the waste involved in refining. The boiling-

fumaoe differs in some particulars from the others. Into it is put

a ]x>rtion of hammer-slag, then pig-iron, and then fresh coal. The
metal is kept almost hi a boiling state for half an hour, the puddler

working it about all the time; a cinder or heavy slag falls to the

bottom, and the gradually-thickening iron is worked about into balU.

As generally conducted, the melting occupies about half an hour, the

boiling half an hour, and the UiUing an hour. All the manufacturers

admit that refining and puddling pi-oduco the best iron ; but they

differ in opinion concerning the relative advantages of boiling for the

middling and cheaper qualities. Boiling is less in favour in .South

Wales Uian in Staffordshire. 'When the iron has been worked about

into bolls or blooms, either by refining and puddling, or by boiling,

the blooms are, as we have said, shingled, or beaten with a few blows

of a heavy hammer ; this is admitted to make the best iron ; but the

makere of inferior kinds prefer to use a machine called a si/ueezer,

because it leave.1 some of the slag in the metal, and thereby increases

the quantity. Mr. Brown, of the Oak Farm Ironworks, has recently

introduced a machine for this puriwse. Three eicentric cims work
nmultaneously ; they are kept rotating in one direction by wheels and
pinions, worked by steam ix)wer. The convex sides of the cams are

grooved and serrated. A bloom of white-hot iron being dropped into

the concavity of the upper cam, it is drawn into the centre of motion

of the throe corns ; the convexities approjich nearer and nearer, and
the serrations squsese and knesd the iron like dougli. The slag and
impurities are exijelled, more or less eomphktely, and fall out of the

machine. By the approximation of the cams, the iron is sent out as a

sort of cylinder. This may be the best place to notice a plan brought

forward by Mr. Moudslay, in 1868, for producing cast-iron possess-

ing a degree of tougiineas almost equal to that of the best wrought
iron for the steam-engine manufacture. The plan consists in the

nployment of an en^^ly novel furnace, which revolves on on axis

inclined about 10* from the perpendicular. The rotation is maintained

by a system of gearing and toothed wheels, actuated by steam power.

The iron being brought into a molten state in the furnace, and being

kept constantly stirre<l, the two movements of rotation and stirring

atbid great opportunity for the sulphur and other impurities to

•scope from the mass and to fly off. Tlie iron becomes semi-puddled ;

it retains a sufficient degree of fluidity to l>e cast into moulds, which
fully puddled iron does not ; wiiile it has more fibre and toughness

than pig or raw iron. The metal is, in fact, precisely in a medium
Ute lietween pig-iron and malleable-iron.

lioUtd IroH.—'We shall adopt this as a convenient name for iron in

o more advonood stota. We have seen that the crude smelted metal
constitutes pig-ir<m ; that when this is run into moulds it becomes
eait-inm ; and tliat wlien the pigs have been refined and puddled, or

boiled, the result is matUable-irtni. This malleable iron is the sub-

stance from which are mode ban, roils, nail-rods, wire, sheets, &e.,

oil of wliioh we mojr oonmder to be varieties of rolled iron, since

they all pMO between the neorly touching sur&ces of ponderous
iron-rollers.

When the blooms have been shinded or squeezed, and roughly
rollwl into bare, in the manner already deseribea, and while yet hot,

they are cut into oonvenicnt lengths and taken to the balling-furnace,

the shape and construction of which resemble the puddling-fumoco.

Ilk tliis boUing-fumsoe the ban ore piled evenly, so tliot one bar does
Bot project bejrond another. Several of these piles, each of which is

oomposcd of five or six bon, ore placed at once in the furnace, and
whsu sufflclently heated, so that tiiey will weld together, the piles are

taksn out scpontely and ore posscd again through rollen similar in

•onatruolion to thc«a daacribed above, but differing from each r)ther

ia tba form of tbdr oriflaas ond grooves, so that either round or

Hot or square rods and bon may be produced ot the pleosure of the
mokar.
In tka ptoduotioo of various kinds of iron from the malleable state.

little mora b naoanory than to vary the rollers tlirough which the iron

passes, in their diomatar, their power, their closeness, or the size and
shops of their grooves. In*some of the establishments, the roughing-
rolls, or those firet used, ore of vast sice ond weight—as much as

64 faet long by 22 inches in diometer, requiring great steam-power to

Fi<. 7.—BelUug Bar-iron.

rotate them. Some of the achievements in rolling bars are very
remarkable. When the Great Exhibition of 1851 was about to be
held, the Khyniney Works in Monmouthshire produced the largest

and heaviest rail ever made. Vicing 62 feet long and weighing 1575 lbs.

Thereupon, the workmen at the Tredegar Works voluntarily under-
took, for the honour of their firm and not for pay, to produce a still

larger rail ; their specimen was 60 feet long, but a few pounds lighter

than that from Ilhymney. The rolling of iron into rails, bars, and
rods is very similar in ite character, seeing that there are grooves
in the rollers for all these kinds. In producing sheet-iron, however,
this is not the case ; the rojls are smooth, and the gradual thinning
of the sheet results from bringing the rollers more and more closely

into contact. In preparing the sheets for various manufacturing pur-
poses, a machine is sometimes used, one end of which cutfi the iron as

if it were a piece of pasteboard, while the other pierees it for the
reception of rivets.

It is right to mention here, that the rolling of iron was one of the
capital inventions of Richard Cort, who, by a series of scandalous
actions on the part of a government officer, and laxity in official

moraUty generally, was brought to utter ruin in the attempt to carry
out a system which has greatly enriched the iron manufacturers of
this country. The whole case is being minutely narrated by Mr.
Webster, the barrister, in a series of papere in the ' Mechanics' Maga-
zine ' for 1859 and 1860.

Projected /mprovemenU.—It is impossible to notice hero all the
novelties introduoe<l or proposed in the iron manufacture within the
last few years ; but there are three concerning which a few words may
be given : namely—the production of iron direct from the ore ; the
utilisation of slag ; and the utilisation of the gases and heated air of
the blast-furnace. The process introduced and warmly advocated by
Mr. Bessemer will best be noticed iit connection with Steel Mjind-
FAOTURE.
The making of wrought-iron direct from the ore is now attracting

much attention in the United Btotes. The iroq is in this case not
puddled, as it never melts ; but having first been deoxMised in a close
chamber, it is simply weldad together. There are many |>atented pro-
cesses at work to this end. In one, Kenton's, the surplus heat from
tlie reducing clumber passes round a series of tulies where the other
processes ore going on, inaouuich that one mass of fuel avails for the
whole operation. Another, Davis's, begins by pulverising the ore,
mixing it with 20 per cent of coal, putting tba mixture into an air-

chamber heated by anthraoitd, and tlunoe passing it to a sort of
puddling-fumoce heated by the same fuel A third, Uan-ey's, employs
the gases Reueratc<l in the funiace to act directly on the ore in deoxi-
dising and desulphurising it, with<Hit mokiug the puddUng process a
distinct one. The ubjtxt of all these plans seems t<i be to save fuel
and labour ; but KugUsh mofiufacturan bava opt yet seen reason to
place much reliance on the methods.
The utilisation of slag hi on hnportant matter, if practicable ; for

there ore millions of tons of it lying waste, all of which is known to
oontom a certain par-centsge of Iron. Professor Bleekrode, in a com-
munication to the Society of Arts in 1859, drew attention to this
matter. Of the vast heaps of slag now existing some are modem, whila
some are the remains from ancient works. The Swedes make good
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iron from the slag of their old charcoal smelt-works, in a furnace sug-

ge.sted by Sefetrom in 1821. At Liege elag ia mixed with-the poorer

ores, and smelted. The Silesian slag has been utilised since 1855, by
mixing it with a certain per-centage of argillaceous schist and limestone.

The same thing is done in Austria. The slag of the Dean Forest Works
used to be made into a peculiar kind of black bottles at Bristol.

Numerous processes have been patented in England within the last

few years for rendering the slag u.seful, generally by mixing it with

lime or limestone. Dr. Percy has recently observed :
" An immense

quantity of iron slag, far richer than many iron ores, is annually

thrown away. It may be that the presence of phosphorus in sensible

quantity is one of the causes which prevent the re-smelting of this slag

with advantage. This fact has not yet sufficiently attracted the atten-

tion of those engaged in the manufacture of iron. The discovery of a

method of extracting economically good iron from these rich sL-igs

would be of great advantage to the country, and could not fail amply

to reward its author." Among the teren million torn of slag supposed

to be annually produced in this country, many specimens are very

beautiful when cast into moulds, looking like marble and serpentine

when polished. Hence (have arisen certain plans of utiUsation, irre-

spective of the re-smelting for the sake oi the metal. But there are

drawbacks. If exposed to the air, the slag becomes oxidised and
rusted ; if not well annealed, it becomes friable ; if in every way well

prepared, it takes so mvich Ubour and fuel to work it that it ceases to

be a commercially profitable materiaL

The third subject, the utilisation of waste heat, was taken up a few

years ago by the Ebbw Vale Iron Company of South Wales. After a

furnace has performed the work for which it is intended, various gases

escape with the smoke, at the upper orifice ; and these gases carry

with them a large amount of valuable heat. If the heat could be

abstracted and usefully applied, without lessening the power of the

furnace, an economical benefit would result. The above-named cora-j

pany had eleven blast-furnaces, five engines to produce the bkist, and

twenty-five boilers to supply the engines with steam. The greater

number of these boilers were wholly heated by the waste hent from

the blast-fumaoes ; and various ovens and stoves in the works were

heated by similar means. The heated gases were arrested near the top

of the furnace, carried out by a horizontal tube, mixed with atmo
spheric air admitted in thin sheets or layers, and ignited by a small

fire. It formed a true gas-light ; and this gas-light heated a large flue,

which was surrounded by a boiler containing water ; and thus was a

supply of steam obtained. These operations at Ebbw Vale depended

on the combustion of the furnace gases; and the Ystalyfera Works
modified the process by mixing the gases more thoroughly with atmo-

pberio air. At the iron-works generally, however, it is considered that

there are disadvantages which counterbalance the supposed saving; and

neither plan has yet been very extensively acted on.

Iron Trade.—the expansion of the iron trade is one of the most

remarkable things in the history of our national industry. When
charcoal was used for fuel ; when there were no steam-engines to force

in s blast ; when the air employed for the blast was cold ; and when there

were neither rolling-mills nor shingling-hanuners, a large production

was Impossible. Nor was there such a demand as would make even

n approach to that which now exists ; for iron bridges, iron ships, iron

houses. Iron roads, iron pontoons, iron cables, iron articles—from ' Great

Easterns' down to shirt-buttons—are things of the present. It is

supposed that in 1740, the pnxluce of iron in Great Britain was about

17,000 tons. In 1750, a bill was brought into parliament, in the

interest of iron-purchasers, for the importation of iron from the Ame-
rican colonies. This was opposed by the tannert, on grounds not very

easy to guess 4 priori, but curiously illustrative of the spirit of protec-

tion. If, it was argued, colonial iron be admitted, English iron masters

would be imdersold ; if so, some would be ruined and others would leave

the trade ; if so, many of the furnaces .ind forges would be put out of

blast ; if so, less wood would be used for fuel ; if so, there would be

less cnk-bark in the market ; and if so, the tanners might suSer from a

deficiency of tan-material. Later in the centtuy, however, when im-

provements and new appliances were numerous, it mattered little

whether colonial iron was imported or not ; seeing that the home
produce would supply all demands. By 1788, the produce reached

68,000 tons; the weekly produce from the blast-furnaces averaged

about 20 tons each. By 1796, the produce was 125,000 tons, and the

weekly average per fiunace 27 tons (taking the celebrated Dowlais

worts as an exemplar). Approximate estimates made at ditferent

times, set down the quantities of pig-iron made at 260,000 tons in 1806,

400,000 tons in 1820, and 690,000 tons in 1827; the average produce

per furnace Ijeing raised in those same years to about 42, 62, and 70

tone per week, partly by the adoption of larger dimensions in the

furnaces themselves, and partly by improved processes.

The intnxluction of the hot blast by Mr. Neilson in 1829 was

shortly followed by a very remarkable extension of the manufacture.

The produce of 1886 was about 1,000,000 tons, and the weekly average

per furnace about 85 tons. The year 1839 was the first for which any

trustworthy statistics were obtained, the estimates for previous years

having been little more than guesses. Mr. Mushet, for that year, set

down the number of blast-furnaces at 430, of which 877 were at work,

producing about 1,250,000 tons in all. Of the furnaces in blast, 135

I in Wales, 188 in England, and 64 in Scotland ; Wales had the

largest yield per furnace, but England the largest total yield. Soon
after this period the Scotch manufacturers made such an enormous
extension of the trade, that they quite glutted the market. The large

profits led to the building of new furnaces ; the discovery of blackband
in the Airdrie district increased the available store of cheap raw
material ; the hot-blast effected a saving in the coking of the fuel

;

and the Scotch banking system led to the advance of capital almost to a
reckless extent. Hence the produce of pig-iron in Scotland, which had
been only 37,000 tons in 1830, rose to 197,000 tons in 1839, and
276,000 in 1843. It was especially in 1841 that the Scotch makers
glutted the market, at a time when the demand was not brisk ; Stafford-

shire and South Wales suffered severely, for they could not manu-
facture at a profit, at the prices established by the Airdrie masters.

The railway mania of 1844-5, however, revived the trade ; the com-
panies not only took all the railway-bars available, but called for so

enormous a quantity that new furnaces were needed to supply it. In
1845. Scotland alone made 470,000 tons of iron, of which no less than
234,000 were shipped at the Clyde for England and elsewhere ; in 1846
these numbers rose to 522,000 and 277,000 tons respectively. Advan-
cing to the year of the Great Exhibition, we find that Scotland produced
in 1 851 the vast quantity of 803,000 tons ; which was increased to

840,000 in 1853. It had by this time been discoTered that Scotland
could make raw or pig-iron at a cost only a little exceeding 2t per
ton ; from 1848' to 1853, the market price varied from 21. to 3/.

;

many of the furnaces being thrown out of blast in the season when
the market price only reached, or barely reache<l, the cost of produc-
tion. Bar-iron fluctuated much more considerably ; for it differs more
in quality, and has had a larger amount of labour bestowed upon it,

than pig or crude iron ; it was sometimes as low as 51. per ton, some-
times as high as 101. Mr. Braithwaite Poole gave an estimate of the
iron produce of 1852, for the whole kingdom ; from which it appears
that there were 497 furnaces in blast, 158 out of blast, and nearly

2,700,000 tons of iron produced—of which England produced 1 ,1 90,000,
Scotland, 775,000, and Wales 716,000. The authority for this estimate
was, however, not given ; and so far as Scotland ia concerned, it falls short

of one given by Mr. Scrivenor. '

The most trustworthy statistics of the iron trade of Great Britain,

and the latest available in date, are probably those of Mr. Truran,
published in his volume on the ' Iron Manufacture.' This engineer
was manager of Guest's vast establishment at Dowlais, and afterwards
of Crawahay's at Hirwain ; and consequently had the best means of

acquiring a practical knowledge of the whole subject. His figures

refer to 1 855. He gives the name of every iron-work in Great Britain

;

the number of blast-furnaces at each ; the weekly power of production
at each furnace; and the aggregate power of produce in the year.

Avoiding all the minute detail, some of the more geneftl results may
Ije given here, dividing the island into districts for facility o^ com-
parison:

—

Weekly Total

No. of No. of Average, Produce,
DisiricU. Iron Works. Furnaces. tons. tons.

South Wilei . . . , 88 169 118 1,042,776
Booth Wales (anthracite) . . 11 17 72 139,880
North Wales .... 9 10 63 63,180
Ucan Forest .... 5 10 <J4 48,880
Lancashire (charcoal) . . 4 4 ? 4,200
South Staffordshire . . . 65 169 108 950,520
North Staffordshire. . . 7 19 104 102,960
Derbyshire .... 12 80 101 158,080
Shropshire .... 14 84 68 ' 161,720
South and West Yorkshire . . 13 31 79 116,480
North Yorkshire and Durham . 23 79 132 641,320
ScotUnd 27 145 145 1,082,640

These figures present much which is worthy of notice. The total

producing power in 1855 was about 4,400,000 tone, made in 746 blast

furnaces at 227 iron works
;
presenting an average weekly producing

power of 113 tons per furnace. The shares of produce were, in round
numbers, England 2,080,000; Wales 1,240,000; Scotland 1,080,000.

In the South Wales district, the great Dowlais Works alone figure for

18 blast furnaces and a produce of 108,000 tons. The South Stafford-

shire district had nmnerous works, but none very large, the highest
comprising five furnaces; the weekly yield varied from 80 to 150 tons

per furnace. The Scotch works comprised many of large extent, such
as the Qartsherrie with 16 furnaces, and the Duudyvan and Monkland
with 9 each ; the produce was very high, for none of the furnaces

figured for less t)«r week than 120 tons, and the average rose to 145.

The most surprising advance, between 1839 and 1855, had been made
in the Tees district, or Durham and North Yorkshire, owing to the
discovery of ironstone in the Cleveland hills. This district had only
5 furnaces, of 50 tons weekly yield each, in 1839 ; whereas it had 79
furnaces, of 132 tons yield, in 1856. The largest or most powerful
furnaces were in Monmouthshire (belonging to the so-called South
Wales iron district), where some of them had a yield of more than
200 tons per week.

Mr. Truran was careful to state that the above were the producing
poweri of all our iron works, if all the furnaces had been in full blast

throughout the whole year. But this ia never the case ; there aro

always many furnaces out of bloat, and many periods of slackeneil
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opentioiM. H« aeleoted tha praoeding year, 18S4, to ahow actual

taittfd of potrontial raaulU; and he found them as followa :—

1»H.
Ttiraacei la blut
WmUjt aTtrafT per farnace .

FiC-iron imnnfmtnred .

t»9
list

3.58S,90a

In the IS yean from 18S9 to 1854, the funuces in blaat had isoreaaed

from 379 to 599 ; the weekly avenge produce per furnace from 63 to

118 tons; and the total produce from (about) 1,250,000 tons to

3,590,000 tons—very nearly three-fold. To produce these 3,590,000

tcoM, Mr. Truran eatimatee that there were required

Clay Irautone .

Oarbooiferoiu Ironstone

BUkeoas iroBstoaa

Bamatite Iroaslooe

Tilawslone «« a flax .

Coal as twl .

7,S66,000 tons

3,845,000 „
580,000 „
955,000 „

2,450,000 „
20,046,000 „

84,842,000

Or, nearly 10 tons of crude material to make 1 ton of iron ; but there

•eems to be included here, not only the coal for actual smelting, but

also that for refining, casting, forging, Ac. Almost as much coal is

needed for converting pig-iron into malleable as for smelting from
the ore. It is necessary to bear in mind that, for this same year 1854,

Mr. Blackwell gave an estimate much below Mr. Truran'g in the

quantity of iron made, and still further below in the quantity of coal

used ; but the grounds for his estimate were not so fully stated. Mr.
Blackwell aUuws 3 tons of coal for smelting 1 ton of iron, and 3 tons

for converting 1 ton of pig iron into malleable.

Mention has more than once been made, in the foregoing paragraphs,

of the vast Dowlais Works. No better example could be selected to

illustrate the general character of all such establishments. More than

a hundred years ago, the Earl of Windsor granted a lease of a portion

of ground near (what was at that time) the small agricultural village of

Merthyr Tyilvil, on the confines of the counties of Glamorgan, Mon-
mouth, and Brecknock ; with a right to use the coal, iron, and limestone

found beneath the surface. On this ground was erected a blast-furnace,

which became the pattern or model for many others. On account
partly of the smallness of the furnace, but still more of the imperfection

of the smelting operations, the weekly yield of pig-iron per furnace
was small. Forty years after the establishment of the works it was
only 20 tons ; by the year 1800 it had risen to 36 ; and taking succes-

iva intervals of ten years, it appears that the weekly yield per furnace
ma 50 tons in 1810, 62 in 1820, 78 in 1830, 88 in 1840, 102 in 1850;
while the details already given show how probable it is that the yield

will be vastly greater in 1860. Not only did the yield per furnace

inoreaae in this way, but Uie number of furnaces also underwent many
augmentations. At the beginning of the present century there were 3,

4 in 1815, 8 in 1820, 12 in 1826, 18 at present ; these being oil Uasl-

fumaoes, irrespective of a much greater number of calcining, puddling,

refining, founding, and other furnaces. Very early in the operations a

Mr. Quest was one of the partners ; and m the course of time his

iinnrMnri became sole owners of the vast property. The late Sir John
Ouast was a remarkable man : he learned practically all the operatiuu.s

of iron-making, from beginning to end ; he made himself acquainted
with the Welnh language, in order to become intimate with his work-
people ; and even when ho possessed a residence of almost feudal

magnificence at Morlais Castle, and had married a peer's daughter, his

hewt was still among the smoke and din of the works. Dowuiis made
10,000 tons of pig-iron in 1810; whereas, in 1849, it made 100,000
tons. In 1 852 it was calculated that the various furnacesand operations

employed 6000 horse-power of steam-engines ; that there were raised

2,000,000 tons of minerals from the ground beneath the estate, of

which 800,000 tons consisted of ironstone, limestone, and coal, actually

thrown into the furnaces ; that a nhip a day was freighted at Cardiff,

on an.average, with imn brought down from Dowlais by the Tafi' Vale
railway and the Qlauiorgonshire canid ; that 10,00()i. a week vms paid

in wages, the mere procuring of which by the appointed day, in coin,

waa a financial operation of no small magnitude ; and that 7000 persons
were employed i^ direct pay, who of course supported many thousands
more at home. Some of the machinery is of the largest kind ever

empluyed in iron-works. In 1857 there was a steam-engine powerful
enough to blow the blast for six of the greatest fum.iceH ; it had »
beam of 40 tons, and a fly-wheel of 35 tons. The rolling-mill had a
fly-wheel 21 feet in diameter, and a driving-wheel still larger. The
nil-mill was capable of making 1000 tons of railway ban per week.
Ever since the rise of the railway system, Dowlais has been famed for

ita railway ban more than for its "««*'"c» ; when it mode 100,000 tons

of iron per annum, three-fourths were sent frutn the works in the form
of ban and rails. It is at night that the works should be seen, when
all the ftimaoes are vomiting forth their flamea hij^ into the air,

throwing around a lurid smoky light of extraordinary character. Must
of the blast-furnaces are ranged in a semicircle, on the outside of

which have gradually accumulated millions of tons of slagand rubbish

;

this alag, hot within long after it has become cool on the outside,

occisionally cracks, and exhibits \«-aTing lines of red fire, bearing more
resemblance to a volcano than anything else to be seen in this coiutry.

These rut heaps of rubbish are gradually filling up valleys, for there

is no where else to place them ; and porUons of the upper section of

the Taff Vide railway are laid on the slag itself, amoothed and graduated

for the purpose. Within the works, noise, smoke, and heat are the

three characteristics which overbear all others, and which leave an
impieasion on the mind of a visitor not readily efTaoed.

IRON BOATS AND SHIPS. [Saip-BUiLDUia.]

IRON BRIDGES. [Bridges.]

IRONY (cipwvtia), a refined species of ridicule, which under the

guise of eameatness and simplicity exposes all undue pretensions,

even while it professes to honour and admit them. It stands inter-

mediate between naivete, or frank simplicity, on the one hand, and
banter and peniflage, on the other. From the former it is distin-

guished by the consciousness and intention of ridicule, which object

again is more covert and less transparent in irony tlian in the latter.

By Aristotle the ironical is opposed to the boastful (t^ iL\i{ovi), and
as a middle term between the two he places the truthful {rhr iXrfiii).

The Latins translated the word irony by " dissimulatio,' which however
Quintilian (Ub. ix., c. 2) disapproves of as very inadequate, and pre-

ferred the original, for which we are indebted to the refinement of the

.\thenian». among whom Socntes, the master in this art, was called

finphatically the Ironical (4 ttptty). The strict etymology of the term
is very doubtful. One explanation, looking to the so-called Socratic

method of question and answer, takes it to mean simply " the inter-

rogator ; " whUe another would derive it from ttpnv, to fasten, which
may have had reference to the skill wherewith Socrates reduced the
sophists to the necessity of adopting some fixed and stable point for

discussion, instead of loose and slippery decLamation, which, as more
favourable to delusion and fallacy, they |)referred. Both explauiitiuiis

e<[ually leave out of consideration that element of latent mockery
which predominates in the modem acceptation of the word, but which
was probably only accessory to the original idea. For while the
serious object of the Socratic irony, in which he represented himself as

desirous to learn of those whose claim to wisdom he laboured to expose,

was to awaken reflection by the development of the consciousness, he
nevertheless combined with it aU the Attic urbanity and wit. It was
consequently of two kinds, a liner and a grosser, according as he had
to do with the more presumptuous arrogance of the sophists, whose
undue and pernicious reputation he sought to subvert, or with those
younger but not less conceited spirits, who yet sought his society for

the sake of benefit and improvement, and therefore required a milder
and more merciful treatment.

The ironical argument proceeds in simulated ignorance, and by
appearing to agree with those whom its pur{>ose is to refute, in holding
certain erroneous opinions and maxims, brings out the antagonism of

truth to error, and gradually involves them in inextricable cUfficultieii.

On this account it has been considered a species of apogogical argiuuent
(rijs tls aSiyaroy airayaiT^i), or reductio ad absurdum.
As a figure of rhetoric, it is correctly defined to be that mode in

which our wonis convey a sense directly contrary to what we express,

but agreeable to what we mean and are understood to mean. (Seattle,
' Moral Science," c. i. § 1, p. 4.) In an opposite and somewhat cxtcndtKl
sense those mistakes have been called ironical wherein our intended
expressions receive an inverted signification.

Since the essence of irony consists in its serious and seeming sim-
plicity, it is essential to its successful application that it should advance
graduJEdly to its ultimate object of exposure, and neither lose its covert
character by rising too suddenly to exaggeration ami extremes, nor yet
so closely veil itself but that the intention of ridicule may appear
through the assumed mask of eamestoees and simphcity.

Of English writers Swift contains the strongest and the most
numerous examples of irony.

IROQUOIS. [NoRTB AiUEBiOAK Indians.]

IRRADIATION denotes, properly, the emission of rays from a
luminous object, but the word is generally used to signify an apparent
enlargement of the disc of a celestial body : this enlargement being
caused either by a deviation of the rays of light from a rectilinear
direction, or by some illusion arising from the action of light on
the eye.

When rays of light from points at the surface of an object fall on
the retina, there may be produced On the latter an agitation extending
within short distances aboul the points to which the rays in the pen-
cils are made to converge by the humoura of the eye : hence there
may arise a perception of a fringe or border about a luminous body,
and consequently an apparent enlargement of such body. Thus, the
image of a star, when seen by the eye, appeara to be a disc of sensible
magnitude, instead of a mere point ; which, on account of its remote-
ness, would be the case if the rays of each pencil produced no effect
beyond their mathematical point of convergence : the disc of the sun
or of the moon is conceived to be, in like manner, apparently enlarged •

and thus, also, the port of the moon which, when the latter is new is
enlimhtenc<l by the sun, appean to be a portion of a sphere of greater
diameter than the port which is more faintly enlightened by the rays
reflected from the earth.

A species of irradiation is caused by the blending together, upon the
retina, of the «irvlu« uf light produced by the pencils which faU upon
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it cither before or after the rays in each have converged to a point

;

the humours of the eye not permitting that convergence to take place

exactly on the membrane. A similar effect may be produced, to a

greater or less degree, in a telescope, in consequence of defects in the

object-glass, the irrationality of dispersion [Dispersion], and diffraction,

from all which the image of a luminous point is not a mere point,

but has an apparent magnitude.
Before the invention of telescopes, the apparent magnitudes of

celestial bodies were very erroneously estimated : thus, Tycho Brah^
made the diameter of Venus twelve times and Kepler made it seven

times as great as it is now known to be. Telescopes do not entirely

remove the cause of such error, but, by increasing the diameters under
which the bodies are seen, without at the same time magnifying the

effect of irradiation, the error in the estimation of their apparent

magnitudes is proportionally diminished.

It is a consequence of irradiation, that objects which are in reality

of equal magnitudes appear frequently to differ in size according to

their colour or to the quantity of light which falls upon them. Sir

William Herschel remarked (' Phil. Trans.,' 1783) that when a bright

circle was viewed together with a dark one on a bright ground, the
latter always appeared smaller than the other ; and, in order to correct

the erroneous estimate of the magnitudes of the columns about temples

when they are seen against a bright groimd, it apjicars that the ancienta

made the thickness of the columns to increase proportionally to the

distance between them. The reason assigned for this practice by
Vitruvius (' De Architectura,' lib. 3, cap. 2) is, that the columns with

wide intervals, being more surrounded by the air than those which are

closer, appear on that account to be more slender. It must be observed,

however, that the perceptions of magnitude depend partly on those of

distance ; and a contrary eti'ect fre((uently takes place with objects

viewed against the sky when conceived to be more remote than they
really are.

IRRATIONAL QUANTITY. The distinction between quantity in

general and number, or rather between the ratio of quantity to quantity,

and that of number to number, has begun to appear in the article

iNCOHMENSUBABLt:, of which the present may be taken as a continuation.

It there appears that there are such things as magnitudes which are

not in the proportion of any one number to Any other ; though, if we
may use numbers as great aa we please, we can find a pair which shall

be as nearly as we please in the ratio of any two given incommensurable
quantities.

According to the modem use of the term irrational, it simply means
not expressible by a finite fraction. The word ratio, or its equivalent
\iyot, does not here mean reason, in the common sense of the word,
but mathematical proportion. A quantity whose ratio to the unit of

quantity cannot be expressed arithmetically, that is, by a whole number
or a fraction, is " inexpressible by an arithmetical ratio," or " arith-

metically irrational," abbreviated into " irrational." This explanation

is very important, since the student might otherwise be led to suppose
that irrational meant unreasonable, or absurd. Looking at the manner
in which the common meaning of the word irrational is fixed in our
minds, it would be well if the mathematical word were connected with
its cognate ratio, by being pronoimced irrational. Suppose for example
that we have a geometrical problem which we solve by the application

of arithmetic, taking a certain line to be tmity, and applj-ing the funda-

mental principles explained in Rectanule. Suppose the problem thus

reducible to the solution of x'' = 2, or the quantity sought is such a
fraction as multiplied by itself will give 2. The arithmetical answer is

fery simple ; there is no such fraction. But is the problem therefore

impossible ? By no means ; for the line required must be the diagonal

of a square whose side is the linear unit. What then is the reason for

our not being able to produce an arithmetical solution ? Because the
ratio of the line sought to the linear unit given is not to be expressed

arithmetically, or is in the preceding sense irrational. The student
biks now arrived at the point where he must be taught (if he have not
learnt it before) that common arithmetic is not the science of all ratios

or relative magnitudes, but only of the ratios or relative magnitudes of

those quantities which are made by putting together quantities which
are all equal to one another. The senses alone would never make this

distinction, and those who desire nothing more than sensible evidence

in their mathem.atical studies need not attend to it : unfortunately the
present bent of such pursuits tends to inexactness, not explicitly

avowed, but wearing the appearance of absolute rigour.

The student who begins to extract the square root of numbers is

allowed to place the symbol of that process over numbers which do not
admit of its performance, as 1/2, v 3, &c. These symbols are reasoned
on as if they represented fractions, and arithmetical deductions are

drawn; but when it is required to reduce them to practice, then the
pomibility of determining their arithmetical values is denied, and it is

implied that they have an existence which can only be approximately
represented, Tlius, since 1'4142 multiplied by itself gives 2 very
Dearly, it is said that 1'4142 is very nearly the square root of 2. This
method, which is indispensably necessary in practice, should not bo
allowed in perfectly strict reasoning. It cannot be just to say that 2

has no square root, but that since fractions very near to 2 have square
rootM, therefore these sciuaro roots are very near to the non-existent

square root of 2. It is only in a properly extended arithmetic, which
by expresa agreement iidmits of extended symbols of ratio, that it can

be lawful to speak of the square root of 2. [Ratio.] Waiving this
point for the present, we proceed to further considerations, confining
ourselves to those irrational quantities which arise from taking the
square roots of numbers, but premising that similar remarks might be
made on cube, fourth, &c., roots. If we take the series of numbers
1, 2, 3, &c., and extract the square root of each, we thereby obtain (1.)
the original series 1, 2, 3, &c., by means of V 1, V 4, V 9, &o.

; (2.) a
series of multiples of V 2, namely, V 2, V 8, V 18, &c., which are

V 2, 2 V 2, 3 V 2, &c. ; (3.) a similar series of multiples of V 3 ; and
so on ad infinitum. The primitive numbers are either prime numbers
or products of different prime numbers. Thus we have a series of
multiples of V (7 x 5), but not of V (7 x 7 x 5), since this la.st is 7 v' 5,
and, with its multiples, is included in those of V 5. Any two quantities
in the same series are commensurables ; thus 7 V 10 and 12 V 10 are
in the proportion of 7 to 10, and have V 10 for a common measure:
but any two which are in different series are incommensurables ; thus
V 10 and V 11 have no common measure whatsoever. Aud the sum
or difference of any two incommensurable quantities is incommensurable
with either ; thus we can form infinite sets of binomials, such an

V2-I- -/3, -v/lO-f Vll, V19— V5, &c., no one of which shall be
commensurable with any other.

The square root of any arithmetical fraction is commensurable with
that of the product of its numerator and denominator : thus V (f) is

^ V 15. And the reciprocal of any square root is commensurable with
that square root : thus 1 -j- V 7 is J V 7. Also the fraction made
by any two of the binomials just described is commensurable with the
product of some similar pair : thus

If we take the square root of one of the preceding binomials, a

V (V 3 -f V 5) we have a new quantity, not commensurable with any
of those just mentioned, except only in certain cases pointed out by
the following theorem. Let a and 6 be two numbers, of which a is

the greater :

—

V(V<»±v'*)=
// sja+^{a-h) \ - //Va-V(a-5)

)
If o and a—b be both square numbers, let 0=^3*, a—h= (^, and we
have

V(V«±i)=4V(2i>-l-2?) ± hsJCip-lq).

Though Kuclid was not acquainted with any direct algebraical pro-

cess, yet he carried the distinction of incommensurable quantities to

the length of a complete subdivision of all the possible oases which can
be contained in the formula v^ ( ^a -H \J b). We are induced to give

an account of his tenth book, because There does not, to our knowledge,
exist any such thing in a form accessible to the student. Indeed, we
do not know where to find a description of its details in any form what-
soever. In old geometrical writings references to the classification of

this book are not unfrequently met with. If we take any given line to

represent the unit of length, and if a, b, c, &c., represent lines commen-
surable with this unit, arithmetically expressed, it is well known that

the most common geometry shows how to find the lines expressed by
\/a,\/ b, &c. All such lines Euclid terms national, all others irrational

(^jIToi and iKoyos) ; aud any area which being formed into a square has
a rational side, he calls a rational area ; that is, iu fact, auy area which
is commensurable (ffu^/tfrpos) with the scjuare unit is rational. The
term for the square on a line is its power {Smalls), and from this comes
the ivlgebraical use of the word power. Thus, when he says that two
lines are only commensurable in power, he means that the squares on
them are commensurable, but not the hnes themselves. A mean, or

medial line (^fVos), is the mean proportional lietween two incommen-
surable rational lines, and is such as can be represented in algebra by
V ft, where a is commensurable with the unit; and a medial area is

the mean proportional between two rational areas, and its number of

square units may be represented by V "•

A line which is made by putting together {crilvBeais) two incommen-
surable rational lines is called a line of two names {^k Svo ovo/xdruv), or

a binomial line ; while one which is made by taking away (aipaipftris)

the lesser of two incommensurable rational lines from the greater is

called an apotomd (airoro^^), literally, ofi'-cut. The binomial therefore

has one of the forms a+ y/b, and ^a+ ^ b, while the apotom^ has

one of the forms \/a— \/ b, a— \J b, yjb-a. Six distinct species of

each sort of line are found, and in connection with each set of six is

another similar set, which a modem mathematician would describe as

composed of the square roots of the first set. But Euclid describes

the square roots as we should call them, previously to the lines them-

selves ; and in order to render this article more available to those who
look through the tenth book, we shall do the same. The whole

amounts to this : that, taking a given line as the unit and standard,

EucUd separates the lines represented by V( V'* i V'')> where a and
b are commensurable with the standard unit, into twenty-five distinct

classes, no one of which contains any lines commensurable with those

of any other class. The following enumeration contains the order iu

which they make their appearance : a, b, &c., representing lines com-
mensurable with the standard unit ; A, B, c, i), E, F, the six binomial



nmATTOKAL QUAm-lTT. IRRATIONAL QUAimTY.

lioM ; v/a, v'"> Ac., tluwe eooneetod witb tbstn ; r, r, w, x, T, i, the

lis MDOtntam ;
^v, y/\. Ice., thoM oonneoted wit)i tb«m.

Itto, howeTCT, to be notic«l.th«t Kiiclid Hom not line the t«Tni unit,

but nippoM* a ntioniU linp, t^i which he iiiakM refermoe. Thu« when
be nMvtioQii in one place a rntioniU line and n fourth blnninial. he meMW
that the futirth liinomial nhall be related in that nitinnal line In the

une manner aa uur foUowiug definition will connect it with the modern
phnae, the (tandard unit

(It. a, b, Ac, lines commensurable with the unit.

(J), y/a, V»< *c., lines commenanrable in jiower with the unit.

TiMSe two heads include the rational linee.

(8). A/a, V*i *c-t medial lines, de(<cril)e<l by Euclid as line* equal in

power to the rectangle of inoommensuraMp rational lines.

( ). V* l"* *•>• '""" \/o+ V*' A binomial line generally. Thin

case contains all the tix hereafter described and numbered, for which

reason the numbering is here left blank. There is a proposition which

we should now enunciate by saying that the square root of a bino-

mial of the first species (a) is one or other, and mny be either, of the

six binomials

( 4 ). V B l"* ^' ^""° ( >/" ''' V^) ^^' ^I'B'^ "^^ ^ "^ sqtmre number.

It is the first species of line composed of two medtals, or a first

bi-medial, and is coiiiiwumled of two mcdials, which make a rational

rectangle (tMws ix Stv liiavy ipirti).

(5). -^c has the form (-J a-^- -Jh)A/x,V!\iere ahx la not a square

number. It is the second species of line oom|K>8ed of two medials, or

a aeoond bi-medial, and is cumpoimded of two medial lines, which
make a medial rectangle (tiiMa 4k lie fiiouy tniripa).

(ty. Vd I*" '''" *<"™ y/^" • V*) + Vl"— V*)< where o'— ft is not a

•quar«. It is described by Euclid as composed of two straight lines,

incommensurable in power, whose squares together make a rational

s]iace, but whose rectangle is a medial space, and is called by him a

greater Une (fi*»io iui(uy).

(7). V* lias the formV (V" + V*>+ </{>/<«— V*)i where o— 5 is a
square. It is described by Euclid as composed of two straight lines

incommensurable in powef, whose wiuares together make a medial

space, but whose rectangle is a rational space ; and it is colled by him
" a line in power making a rational and a medial space " (tuBtla pnrby

Koifiiaov Suratiiini). The nomenclature is not here quite correct, for the

preceding lino, called a greater line, is also a line in power equal to a

rational and medial space.

(8). tjrhaa ihe form V( V<»+ y*)+ V (V"— V*)> where a—b is

not square. It is described by Euclid as composed of two lines incom-

mensurable in power, making both the sum of their sijuares and their

rectangle medial spaces incommensurable with one another ; and it is

called "a Une in power equal to two medial spaces" (tv9ua Sio ii(<ra

We now oome to the description of the six binomial Unes thcm-
mixm.

(9). A has the form a+b + 2-J{ab). It is described by Euclid ns

having the graater term commensurable w^ith the standard unit, and
more in power than tlio less by the square of a Une coinmonsurnblo

with itself in length ; and it is called the first binomial line {tUua ix

Me 4rs^TtM> w/xirri).

(10). B has the form (a+b-t-2 ^/{ah) ) ^Jx, Vwhere abx Is a square. It

ii described as (Ufi°«ring from the first binomial only in having the

lesser term commensurable with the standard unit ; and is the second

fainumial Une.

(11). c has the form (o H- J + 2 yj(ab) ) ij.r, where abx is not a square.

It cliiTeni from the two preceding only in neither term being commen-
surable with the standard unit.

In the first three binomial Unes, reduceil to the form Vf + V9>
V(|>—f) i* commensurable with y/p, the greater term: in the last

three these two are incommensurable.

(12). D has the form a + y/b, where a is greater than y/b, and a'—

5

is not a square. Euclid describes it as having the greater term more
in power than the less by the square of a line incommensurable to

itaelf in length, the same greater term being commensurable with the

tBDdard unit : it is the fourth binomial line.

(13). B has the form a -t- yjb, where y/b is greater than a, and ft—a'

is not a square. It is described as diBcring from the preceding by
having the less term cummensurable with the standard unit : it is the
fifth binomial line.

(14). r has the form y/a + y/b, where a—b is not a square. It

is datcribed aa diflering from the two preceding by neither term
Wiv •tininaiMinbl* with the standard imit ; and is the sixth binonUal

We DOW come to the Unes derived from the apotomiD, and after-

wards to the apotomas themselves. The descriptions might lie

shortened br allusion to the corresponding binomial Unes, but this

would impeoe the speedy reference to the complete meaning of any
one tinn.

( ). ^V has the form y/a~y/b. An apotom^ generally. The
aumbering is left blank, as this chuM of linos is afterwards sulHlividcd.

A propoaitioa is proved, which we should now enunciate by mying
hat the square root of an a|>otomiS of the first kind Is one ur other,

and may be any of the six bikHodud.

(16). i/y hM» th» form ( Va— V^) •(/' where abx is a aauare-
EooUd dsMribas it •• the difference of two medial lines which are

oommensurable in power, and whose rectangle is a rational space.
He calhi it the first kind of apotom< of a medial line (ftimii dtmrro^l^

»p*ni).

(16). Vw has the fottn (v/a— V*)*V». where ate is not a square.
It is deaorlbed as dUTering bom the former only in the motlial lines
containing a medial qwos, and is the second apotomd of a medial Une.

(17). y/x has the fonn V (« + Vi) — VC™ — V *) where a' — ft is

not a square. EucUd describes it aa the diflferenoe of two straight
lines incommensurable in power, the sum of whose squarea is ra-

tional, and their rectangle medial : and be calls it a leanr line (Miim
txiaamy).

(18). V T has the form y/ (\'a+ y/b)~ y/{y/a— y/h) where a—b is

a square. It is described as the preoisaing, ezoept that the sum of the
i<<)uare8 is medial, and the rectangle rational : and EuoUd calls it " •
Une which with a rational space makes a medial qMoe" ((MtM/isrJt
(SirreB lidaov rb JAok toiovaa) meaning that a certain rational space
added to the square on it makes a whole space which is me<lial.

There is not here the defect of nomenclature mentioned in (7), for the
preceding Une here can only be caUed " a Une which with a medial
space nuJces a rational space."

(19). Vi! h" the form V( V'<»+ V*)— %/( V"— V*) where o— ft is

not a square. It is described by Euclid as the diSerenc^ of two lines

incommensurable in power, liaving the sum of their squares and their
rectangle both medial : and it is called " a line which with a medial
space makes a medial space" (tu9<ia /ttrit niirov fiiaoy rb 8\oy noiowa).
The six apotomec now foUow, all in the form y/a—y^b; in the first

three y/{a — ft) is commensurable with V> in ''he second three, incom-
mensurable. And y/a is called the whole, but y/b i» caUed the
fitted or atlnpted line.

(20). V haB the form a+b— 2 y/{ab). The wliole is commensurable
with the standard unit, and exceeds the adapted line in power by the
square of a Une commensurable with itself. EucUd calls this a flnt
apotom^.

(21). V has the form (a+b—2y/(ab) ) y/x whjre abx is a square.
Described as the preceding, except that only the adapted line is com-
mensurable with the standard unit ; and is the second apotumd.

(22). w has the form (a + b—2y/{ab) ) V^. where a&cisuot a square.
Here neither the whole nor the adapted line is oommensurable with
the standard unit ; this is the third apotom^.

(28). X has the form a— y/b where a'— ft is not a square. Euclid
describes it by saying that the whole is commensurable with the
standard unit, and exceeds the adapted lino in power by the square of
a line incommensurable with itself ; and calls it the fourth apotomd,

(24). T has the form y/b—a whore ft— a* is not a square. Described
as the lost, excepting that only the adapted Une is oommensurable with
the standard unit : it is the fifth apotomiS.

(26). r. has the form y/b— y/a where ft—o is not a square. It difiera

from the two preceding by neither term being conunensurable with
the standard unit : and is the sixth apotomi!.

Besides obtaining this classification, Euclid proves, firstly, that every
one of tlieso species is distinct from every other, and that every Une
which is commensurable with a line of any one species is itself a Une
of the same species. He shows also how to find lines of every species

in which he directly appUes the theory of numlwrs obtaine<l in the
seventh, eighth, and ninth books. He also demonstoates that no
straight Une can Iwlong to one species in two dificrent ways : proving,
for example, an equivalent to the following, that y/a + y/b, if the terms
be incommensurable, cannot be equal to y/m + >/#> where x difiiBrs

from a, and y from ft : which he expresses thus :— " a binomial line H
divided into its names (or terms) in one point only." He then proves
tliat the Unes which we have denoted by Va, Vb, 4c, are derived
from a, b, Ac, in the manner which justifies our notation. For in-

stance, " if a space be contained by a rational and a fourth binomial
line, the Une equal in jwwer to the space is the irrational line colled a
greater line." Now, c representing a rational line, a fourth binomial
derived from it has the form o + y/b where a is coiiiniensumblo with e,

and greater than y/b, and •v'('*'~^) is not commensurable with c.

His proposition then amounts to this, that V {ea + ey/b) lus the form

V<-f+Vj')+ y/(x-y/y)

where Sxis a rational space (or the number 2x commensurable with c*)i

and X*—y is on irrational space, or that number is incommensurable
with c*. This involves the algebraical proposition, that the square

root of ca-t-eV^i*

V{iM + i«V(«*-6)} + V{4<•<»-lcV(o•-^)j;

and in showing the identity of the forms, Euclid arrives at the

manner of deriving one from the other. He also shows, in two pro-

positions, that the form v'('»+ V*) P^** either o binomial Une, or (4),

(6), or (7) of the preceding enumeration, and that y/(y/a-^ y/b) gives

either (6) or (8). In three more he shows that V (»— y/b) gives either

on !tpotom($ or (17) of the enumeration, that yj(y/b —a) gives either

(16) or (19), and that V(V<»-V*) P»e» "ther (16) or (19). He
further shows the equivalent of the foUowing algebraical pro-

position :

—

1 ^ y/a+y/i

y/a,— yjh tt-b
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The preceding enumeration points to one of the most remarkable

pages in the history of geometry. The question immediately arises,

had Euclid any substitute for algebra ? If not, how did he contrive to

pick out, from among an infinite number of orders of incommensurable
lines, the whole, and no more than the whole, of those which were
necessary to a complete discussion of all lines represented by V ( V"
+ Vi), without one omission or one redundancy '! He had the power
of selection, for he himself has shown how to construct an infinite

number of other si>ecies, and an algebraist could easily point out many
more ways of adding to the subject, which could not have been beyond
EucUd. If it be said that a particular class of geometrical questions,

involving the preceding formula and that one only, pointed out the
Tarious cases, it may be answered that no such completeness appears in

the thirteenth book, in which EucUd applies his theory of incommen-
surables. It is there proved that each of the segments of a line

divided in extreme and mean ratio is an apotom^—that the side of an
e(|uilatenl pentagon inscribed in a circle is, relatively to the radius,

the irrational line called a lesser line, as is also the side of an icosahe-

dron inscribed in a sphere—and that the side of a dodecahedron is an
apotom^. The apotom^ then and the lesser line are the only ones
applied.

It seems probable that the distinction of commensurable and
incommensurable, and even a notion of different species of inoum-
mensiuTibles, was familiar to the geometer before Euclid wrote : aud
this may b« inferred, ahiiost with certainty, from what is said by
Proclus. Had it been otherwise, we must suppose that the defini-

tions of the fifth book would have been accomiianied by some little

account of their necessity, and also that the absolute determination of

two incommensiu-able magnitudes would not have been postponed till

the last proposition of the tenth book. But it is impossible to draw
any very positive conclusion on this subject. Owing to the loss of

EocUd'e book on Fallacies [Qeometby], we are probably left without
those notiong which he intended to be preliminary to the elements.

The most conspicuous propositions of elementary geometry which
are ^plied in the tenth book are the 27th, 28th, and 29th of the sixth

book, of which it may be useful to give the algebraical signification.

The first of these (the 27th) amounts to showing that 2j;—x^ has its

greatest value when .<' = 1 , and contains a limitation necessary to the
conditions of the two which follow. The 28th proposition is a solu-

tion of the equation ax—x' = b, upon a condition derived from the
preceding proposition, namely, that ;|a- shall exceed b. It might
appear more correct to say that the solution of this equation is one
particular case of the proposition, namely, where the given parallel-

ogram is a square; but nevertheless the assertion applies equally to all

cases. Euclid however did not detect the two solutions of the
queatioD ; though if the diagonal of a parallelogram in his construction

be produced to meet the production of a line which it does not out,

the second solution may be readily obt-iined. This is a strong pre-

mmption against his having anything like algebra ; since it is almost
impossible to imagine that the propositions of the tenth book, deduced
from any algebra, however imperfect, could have been put together
without the discovery of the second root. The remaining proposition
(the 29th) is equivalent to a solution of aj;-|-.r^=6: but the case of

a^—ax=b is wanting, which is another aigument against EucUd
having known any algebraical reasoning.

IRREDUCIBLE CASE (that is, of cubic equations), the common
name of a particular class of cubic equations, to which Cardan did not
succeed in applying his celebrated rule, Bumbelli however showed
that the reason of tliis was the reality of all the three roots. The
following is the sketch both of the method and the difficulty.

[BoMBELLi ; Cardax ; Tartaolia, in Biou. Div. Tusor; of Equa-
Tiovs ; Neqative amo Impossible Quastitzis.]

Unity has three cube roots, 1, — 4(1— V— 3). and — 1(1 + V-3))
of which the product of the second and thml is possible and equal to
unity. CalUng these 1, r, and r*, it la next shown that a' has three
cube roots, namely, o, ra, and r'a. Now, let there be a cubic equation
(a, b, and c being real quantities)

and, by the method explained in Involution and Evolution, find
another equation which has each root greater than a root of the
preceding by j^. We have then

a'-(-rj;-|-Q= ... (1)
p=B—Ja' <J=o— |ab-h^a'.

Let X be v + w: then x*= v' + w' + hncx, and (1) becomes

v^+te* + {Svw+p)»+<i=0 . . (2).

Determine v and w so that

8t7io-fp=0 «*-He'-fQ = 0;

by which means (2), and therefore (1), is satisfied. This gives

t.' (or w')= -i Q -f V (il'+AP*)
«;>(or»»)=-iQ-V(K+M

from which V and is can be found. But as each of the two, «* and v^,

hai three cube root* ; and as no reason yet appears for choosing one

rather than another, it should seem as if the possible combinations by
which V + w might be made would be nine in number. But on looking
back we find the condition 3vio= — p ; so that the product of v and w
must be a possible quantity. Aud since nothing but ?•* appeal's in v
and w, the same values of v and w would appear whatever cube root of
p' might have appeared in the original equation : consequently the six

values oi v+ w which are now to be abandoned belong to the roots of

x^+pr x+ Q= 0,anda:^-f pr' a; -f Q= 0. If then.we signify by v and to

the real cube roots of v' and ii^, the others are rv and r'v, no and /w ;

and the only combinations which satisfy the condition Sow -t- ip= are

v + u!,rv + r'w, r'v + rw,

which are the three roots of the equation (1) : to the exclusion oiv +
rw, rv + w, r'e + r'lO, the roots of a^-HPr a;-(-Q= 0; and v + r'w, r'v + w,
rv + rw, the roots of a-* -f Pr'x -f Q= 0. So far all is right, and the
algebraical solution is complete, aud may be represented thus : let p
stand for any cube root of imity ; then the three solutions of (1) are

contained in

where V signifies the real cube'root.
This is perfectly intelligible when i<j'-fjV^ i* " positive quantity:

for if we call the real cube roots above mentioned K and L, we find for
the three roots of the equation, first, the possible root, K -f L ; next, the
pair of impossible roots contained in the formula

— i(K-|-L + J(k-l) V^3.
If we apply this to the equation a'—9;r— 28 = 0, where P= — 9, and

q= — 28, we shall find K= 3, L= l, and the roots are 4,— 2-f V^-3.
and—2 — ^—3. But if it should happen that }Q--l-j,p' is negative
(which requires that p should be negative and jLp* numerically greivter
than Iqr), we return to the original form of the solution, aud find that
the roots of the equation are contained in the formula

where {}
{v+wV~l}^+{v-wV^}^- ,(3)

1,

means any cube root, there being a tacit condition that

the product of the two cube roots must be possible, v stands for
— 4 (J, and w for the possible (though perhaps irrational) quantity

V( — ll' — iV'"')- Now it is shown in books of algebra that every cube
root of v-t-wV — 1 is of the same form, sivy p -^ o •v/-"!, and that the

corresponding cube root of v—wV— 1 is F—g^—^. If, then, we
assume

/ _u _
\v-l-wV— IJ =v + a\/

jv-wV^J
we find by multiplioation

\ v»-fw» / =^^-^G«;

and by addition of their cubes, and division by 2,

V= p3— 3fq»,

between which the elimination of a gives

P*-3 ^V-fw" . p— i v=Oi
from which it would seem that we might find F, and then o. But on
examining this last equation we find it to be precisely that kind of
cubic equation about which the difficulty arose; for the p of this
equation is negative, being — | .5/ (v'-(-w'), and the q is — Jv; and
r.'fP', being — a'j (v'-f w^), is numerically greater than

J Q^ or J v».

Whence this case is called irreducible ; for though, as will be shown
immediately, there are three possible values of the expression (3), yet
every direct algebraical attempt to find them leads to the same diffi-

culty in another form.
If p and o coxUd be determined, one value of (3) is 2 f|; and taking

the other cube roots, selecting only those pairs whose products are
possible, we find

— i(l-t-V^) (F-foV^ -J (1-V^) (F-OV^)
— 4(l-V-3)(F + aV-l) -Hl-hV-3)(F-oV-l)

for the other admissible values. These may be reduced to

-f + qVS, and -f—oV^
which are both possible. Consequently, the irreducible case of a cubic
equation is that in which the three roots are all possible.

Let us apply the preceding to a' — 21a: -^ 20 = 0. Here P=— 21,
q= 20, } (J' -1-

jV P== - 243 = - 81 X 8. Hence the roota are contained in

i-10-(-9V8V^J )-i-10-9V8V'^}
'
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B; trUl (or by •rauUmUtiTe methods, described in Duny older books

ot algebra) it msy >» found that a cube root of -10-(-9VS V-l »

S-f VS V-1 ; wheiioer'2, 03 VS- Hence one root (2 f) is 4; the

eoond and third (-r-fo VSand —r-o V8),are -S + Sand —2-3,
or 1 and — S.

But the beat method of obtaining the roots is by hsving recourse to

a rt^jistry of the roots of cubic equations which ism the hands of every

tyro, namely, the table* of sines and cosines, by which also the theorem

of BombeUi will be esUblisbed, namely, that the difficultjr of the irre-

ducible case answen to that of the trisectiun of an angle m geometry.

It is proposed then, by meana of trigonometry, to calculate the values

of (8). Assume v=r cos. f, w=rsin.9, or find rand from

r=Vv*+W, tan.«=-

in whidi that sign must be pven to r, which gives r cos. S the sign

of V. Then, by De Moivre's theorem [Neoativb aud Imfossule

QcaxTrrtEs],

(cos. 8 + sin. » y/~)*=o(M. i 9 + sin. i« V-lT

in which, by substituting »+860' or «+720' for », the equation tan.

» = \~.yr is still satisfied, and while the first side of the preceding

equation is not altoed in appearance, the different values of the cube

root appear on the second side. From this we readily find that the

expression (S) is no other than 2V''- «<>*• ifi i ^' three values of which,

obtained as just noted, are

2 Vr. cos. J«, 2 Vr . 008. (120°+i«), 2 Vr.cos. 2M* + J9)

which may be thus written :

—

2 Vr . cos. J«,-2Vr . cos. (60*-ie),-2Vr . cos. (60' + J«.)

Thiu, in the preceding example, which gives v=— 10, w= 9V3,'we
find r« = 100 + 243= 343= 7>; whenceyr= - V7. And tan. «=-A
V8, whence $ is found to be -(57° 19' 16"), one-third of which is

-(10^ C 25"), and this, with 79° 6' 25" and 40° 68' 35", are the angles

on which the required values depend. The cosines of these angles,

severally multiplied by —2V7,2v'7,and 2V7, give resiJts as near to

— 5, 1, and 4 (the values found), as the unavoidable errors in the last

places of logarithmic results, and the preceding rejection of fractions of

seconds, will |iennit.

IKKIGATIUX. Of all the sulistances which concur in tlie v^etation
and growth of plants water is the most essential ; without moisture

the seed cannot germinate, nor can the plant receive nourishment.

Henoe in warm climates, where rains are periodica], and where the

oil is dried and parched by a continued evaporation, no verdure exists,

ezoept where springs or rivers supply the waste of moisture. The
wanner the climat«, and the more rapid the evaporation, the more
luxuriant is the vegetation, provided there be an abundant supply of

water. This circumstance has suggested the plan of diverting streams

and conducting them in channels to fertilise as great an extent of land

as poasible. In China and in India, as well as in I^pt, ingenious

modes of watering lands have been adopted from the most remote ages.

Ko expense bss been thought too great to secure a supply of water,

and to distribute it in the most advantageous manner. It seems that

where there is great heat in the air, water alone will supply the neces-

nry food for the growth of plants. It is probable that the component
parts of the atmosphere are more easily separated, and made to enter

wto new combinations with those of water, in a high temperature than
in a lower ; or that the leaves and green parts of vegetables imbibe
water in a state of solution in air, and in this state it is more easily

decomposed. Atmospheric air and water contain all the principal

aUmenta of vegetables, namely, oxygen, hydrogen, carbon, and nitrogen
;

the remainder are cither found in the soil or diflused through the
water.

Water has also an imiiortant office to perform, if we admit the prin-

ciple discovered by Macaire, that plants reject through their roots

those portions of the sap which are the residue of its elaboration, and
which are of no further use to the plant, but rather injurious if they
are again imbibed by the roots. Plants may jicrhaps require a removal
of their excrements, as «"'"»'* do when tied up m stalls, or confined
in a small space ; and the percolation of water through the soil may be
the means which nature has provided for this purpose. Hence we can
readily suppose that the mere washing of the roots has a beneficial

effect, and to this in a great measure must be ascribed the fertilising

•fleets of pure and soft running water. But besidea this washing of

roots, there is the constant f«c<IitiK of them, which is the more ]>r<>bal>le

•sptaoation uf the fertilising iuiluenco of that constant current of

w^er among them which is produced in drained and in irrigated land.

If water stagnates and is evaporated, and the noxious matter held in

solution remains in the soil, all the advantage of irrigation is lost, and
the better kinds of grasses are succeeded l^ rushes and coarse aquatic
plants, as may be seen in all marshy spots. The circulation of the
water therefore appean to be as neoesaaiy as its presenee ; and, pro-

rided there be a suffloient supply of wat«r of a proper quality, the
mors porous is the soil, and especially the subsoil, the more vigorous

b the T^getatiuu. It is on this principle alone that we can rationally

account for the great advantage of irrigation in those climates where
rain is abundant, and where the soil, which is most benefited by having

a supply of water nmning through it, is of a nature to require artificial

draining as an indisijensable preliminary to being made fertile by
irrigation. By keepmg these principles in view great light will be

thrown on the piactii»l part of irrigation, which, having been long

established by experience before these principles were thought of,

depends not on their correctness, but only confirms their trutb.-

The whole art of irrigation may be deduced from two simple

rules, which are, first, to give a suflSdent supplv of water during all

the time the plants are growing, and secondly, never to allow it

to accumulate so long as to stagnate. We shall see hereafter

one ap|>arent exception to this last rule, but it will be readily

explained.

The supply of water must come from natural lakes and rivers, or

from artificial wells and ponds, in which it is collected in sufficient

quantity to disperse it over a certain surface. As the water must flow

over the land, or in channels through it, the supply must be above the

level of the land to be irrigated. "This is generally the principal object

to be considered. If no water can be conducted to a reservoir above

the level of the land, it cannot be irrigated. But there must also

be a ready exit for the water, and therefore the land must not be so

low as the natural level of the common receptacle of the waters,

whether it be a lake or the sea, to which they nm. The taking of

the level is therefore the first step towards an attempt to irrigate any

lands.

Along the banks of nmning streams nature points out the declivity.

A channel, which receives the water at a point higher than that to

which the river flows; may be dug with a much smaller declivity than

that of the bed of the river, and made to carry the water much higher

than the natural banks. It may thence be distributed so as to descend

slowly and water a considerable extent of ground in its way to rejoin

the stream. This is by far the most common mode of irrigation ; and
the shape, size, and direction of the channels are regiUated by the

nature of the surface and other circumstances, which vary in almost

every situation. A few examples will give to those who are not

acquainted with the best modes of irrigating land a pretty accurate

notion of the system.
We shall suppose a river to run with a rapid current between high

banks. At some point of its course a portion ot the water is diverted

into a canal dug along the bank, with a very small declivity. The
water in this canal will flow with less rapidity than the river, keeping

nearly the same level as that part of the river where it has its origin.

Thus the water ra.ny be carried over lands which are situated con-

siderably above the bed of the river farther down. All the lands

between this canal and the river may be irrigated if there is a sufficient

supply Of water. The canal may be carried to a considerable distance

from the river. The size of the canal and its declivity de])end on the
quantity of water which may bo made to flow into it. A dam is often

constructed across a river, in order that as much of its water as is

possible may be diverted, and the original channel is often laid quite

dry, to take advantage of all the water at the time when it is

advantageous to irrigate the land. To have an entire command of the
water there are flood-gates on the main channel and on the leaser

branches. By opening or shutting these the water may be stopped or

made to flow as may be require<l. It must be remembered, that to

carry water to a considentble tlisUince, and in great quantity, a larger

channel and more rapid declivity are required ; and it is a matter of

calculation whether it is most advantageous to bring a smaller quantity

to a higher point, or a greater abundance somewhat lower. Having a
certain command of water, it may be carried from the main channel by
smaller branches to different points, so as to irrigate the whole equally.

These branches should be nearly horizontal, that the water may over-

flow the sides of them, and bo equally distributed over the land
immediately below. Every branch which brings water over the land
should have a corresponding channel below to carry it off; for the
water must never be allowed to stop and stagnate. When it has nm
15 or 20 feet, according to the declivity, over the land situated below
the fetder, or the chaimel which brings the Water, it shutUd be col-

lected into a drain to be carried off, unless it can be used to irrigate

lands which lie still lower. Finally it runs back into the river horn
which it was taken, at a lower point ot its course.

When there is a considerable fall and a sufficient supply of water, a
series of channels may be made, so situated below each other, that the
second collects the water which the first bos supplied, and in its turn
becomes a feeder to irrigate the lower parts of the declivity : a third

channel receives the water and distributes it lower down, until the
last poura it into the river. This is called caick lovrk, because the
water is caught from one channel to another. This method is only
applicable where there is a considerable fall ot water and a gentle

declivity towards the river. But it must be borne in mind tliat the
water is deteriorated for the purpose of irrigation, when it has passed

over the land, and that it is not advantageous to let it flow over a
great extent when a fresh supply can be obtained : but where only a
small |Kirtiun of water can be commanded, that must be made the most
of ; and it will irrigate three or four portions of land in succession

without there being any very marked difference in the effect : beyond
this it rapidly loess its fertilising qualities. This is not owing to the



IRRIGATION. IRRIGATION.

water having deposited the fertilising substances which it held in

solution, or which were difiFused through it, but to its having taken

up some substances which are detrimental to vegetation, and being

saturated with them : at least this is the most probable opinion when
all circumstances are taken into the account.

The general principle of irrigation may be described as the supplying
every portion of the surface with an abundance of water, and taking it

off again rapidly. In many situations the great difficulty in irrigation

arises from the want of a supply of water ; but even then a partial

irrigation may be effected, which, although not perfect, will have its

advantages. A small rill which is often quite dry in summer may
stiU. by judicious management, be made to improve a considerable

portion of land : its waters may be collected and allowed to accumu-
late in a pond or reservoir, and let out occasionally, so that none be
lost or run to waste. If there is but a small quantity it must be
husbanded and made to Sow over as great a surface as possible. If

there is water only at particular seasons of the year, and at a time
when it would not be of much use to the land, it may be kept in ponds,
and it will lose none of its qualities by being exposed to the air. If

animal or vegetable matter in a partial state of decomposition is added
to this water, it will much improve ite quality, and by a judicious

distribution of it over the land a great benefit may be obtained.

If there is not a want of water, there may be a want of declivity to

enable it to flow off, which, it should always be remembered, is an
essential part of irrigation. Art may in this case assist nature by
forming a passage for the water, either in its course towards the land
to be irrigated, or from it after it has effected its purpose. Where
there is no natural exit, and it might lead to too great an expense to

make an artificial one, the water may sometimes be led into shallow
ponds, where a great part is evaporated ; or porous strata may be found
by boring, into which it can be made to run and be dispersed. Along
rivers where the fall is very imperceptible a channel brought from a
considerable distance may give such a command as to throw the water
over a great extent of surface ; and to carry it off another channel may
be cut, emptying itself at some distance beluw : so that lauds which
lie along the banks of a river may be irrigated, although they are

actually below the level of the river, and require b^iks to protect them
from inundation.

When the surface to be irrigated is very flat and nearly level, it is

necesaaiy to form artificial slopes for the water to run over. The
whole of the ground is laid in broad )>ed3, undulating like the waves of

the sea. The upper part of these beds is quite level from end to end,

and here the channel which brings the water is cut. From the edge of

this channel the groimd is made to slope a foot or two on both sides,

and a ditch is cut at the bottom parallel to the float. The whole of

the ground is laid out in these beds. All the supply furrows are fed

by a main channel at right angles to the beds and somewhat above
them, and all the ditches or drains run into a main ditch pu^Uel to

the main float, and below the lowest drain. The course of the water

is very regular. As soon as the flood-gates are opened it flows into all

the upper channels, which it fills till they overflow in their whole
length. The sloping sides are covered with a thin sheet of running
water, which the lower drains collect and carry into the main ditch.

Experience has shown that there are particular seasons when the

water has the best effect; a perfect command of it is therefore

indispensable, and also a regular supply. During frost, when all dry
meadows are in a state of torpor, and the vegetation is suspended, the

water-meadows, having a current of water continually flowing over

them, are protected from the effect of frost, and the grass will continue

to grow as long as the water flows over it. Too much moisture

however would be injurious, and the meadows are therefore laid dry
by shutting the flood-gates, whenever the temperature of the air is

above freezing. By this management the grass grows rapidly at the

first sign of spring. Before the diy upland mea<lows have recovered

the effects of frost and begun to vegetate, the herbage of the water-

meadows is already luxuriant. As soon as they are fed off or cut for

the first crop of hay, the water is immediately put on again, but for a

shorter time ; for the warmer the air, the less time will the grass bear

to be covered with water. A renewed growth soon appears, and the

grass is ready to be cut a second time when the dry meadows only give

their first crop. Thus, by judicious management, three or four crops

of grass are obtained in each season, or only one abundant crop is

made into hay, and the sheep and cattle feed off the others. The
usual way in which the grass of water-meadows is made profitable is by
feecfing ewes which have early lambs till the middle of April. A short

flooding soon reproduces a crop, which is mown for hay in June

;

another flooding gives an abundant aftermath, which is either mown
for hay, or fed oft by cows, bullocks, and horses ; for at this time the

sheep, if pastured in water-meadows, are very subject to the rot. The
value of goo<l water-meadows could scarcely be believed by those who
are not familiar with them. Where the water is suited to irrigation

they never require manuring. Their fertihty is kept up continually,

and the only attention required is to weed out coarse aquatic plants,

which are neither nutritious nor wholesome in hay or pasture.

The best soil for a water meadow is a good gravel. The finest water-

meadows on the Avon in Wiltshire, where the richest herbage is found,

have scarcely any soil at all, but are on little more than a bed of shingle

matted together by the roots of the grass, wliich proves that the waters
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of the Avon contain all the principles essential to rapid vegetation.

Great attention is required, and some experience, to irrigate meadows,
so as to give the greatest profit.

In hot weather, when we should' imagine that the land must be
thirsty, and that too much water cannot be poured over it, much mis-

chief may be done by injudicious flooding. In winter, on the contrary,

the land may be covered with water for weeks without injury ; and if

an earthy deposit takes place, the subsequent fertility is greatly

increased. But this is not properly irrigation ; it is inundation, and
the effects depend on estirely different causes. When low meadows
are inundated in winter and spring, it is the muddiness of the water
which enriches the land : a fine layer of extremely divided matter
is deposited, and when the water subsides this acts as a coat of

manure.
Water may be carried in small channels through meadows without

being allowed to overflow, and in this case the effect is similar to that

caused by rivers or brooks which wind slowly through valleys, and
produce a rich verdure along their course. This is watering, but not
properly irrigating. When this is done judiciously, the effect is very
nearly the same as when the land is irrigated ; and in hot climates it

may be preferable, by giving a constant supply of moisture to the
roots, while the plants are growing. The great advantage of water-

meadows in England is not so much the superior quantity of grass or

hay which is obtained when they are mown, as the early feed in spring,

when all kinds of nutritive fodder are scarce. When the turnips are

consumed before the natural grass or the rye sown for that purpose is

fit to be fed off, the water-meadows afford abundant pasture to ewes
and lambs, which by this means are brought to an early market. The
farmer who has water-meadows can put his ewes earlier to the ram,
without fear of wanting food for them and their lambs in March,
which is the most trying season of the year for those who have sheep.

At that time an acre of good grass may be worth as much for a mouth
as a later crop would for the remainder of the year.

When it is intended to form a water-meadow on a nearly level surface,

or where a fall of only two or three feet can be obtained in a con-

siderable length, the whole of the land must be laid in beds about
20 or 30 feet wide, the middle or crown of these beds being on a level

with the main feeders, and the bottoms or drains on a level with the

lower exit of the water, or a little above it. To form these beds most
expeditiously, if the ground is already in grass, the sod may be paired

off and relaid after the beds are formed, by which means the grass will

be sooner re-established ; but except in very heavy soils, where the

grass is some time in taking root, the easiest and cheapest way is to

plough the land two or three times towards the centre, and dig out

the drain with the spade : the earth out of the drains, and that which
is taken out of the upper trench or feeder, may be spread over the bed
to give it the proper slope. A roller passed over the bed in the

direction of its length will lay it even, .and the seeds of grass being
sown over it, the w.ater may be let on for a very short time to make
them spring. As soon as the grass is two or three inches above ground a
regular flooding may be given, and in a short time the sward wUl be
complete. Instead of sowing seed, tufta of grass cut from old sward
may be spread over the newly formed beds, and they will soon cover
the ground. The Italian rye-grass, for instance, grows so rapidly,

that if it be sown in February, or as soon as the snow and frost are

gone, it will afford a good crop to feed off in April, or to mow for

hay by the beginning of May ; and after that it may be out repeatedly

during the summer. But where the soil is good and the water abun-
dant, good natural grasses will spring up without much sowing, and
soon equal the old water meadows.

It seems essential to the formation of a good water-meadow that
the bottom be porous and free from stagnant water ; hence under-
draining is often indispensable before a water-meadow can be esta-

blished : and a peat-bog, if drained and consolidated, may have water
carried over its surface, and produce very good herbage. If the soil

is a very stift" clay, draining is almost incUsjjensable where a water-
meadow is to be mtide. The more porous the soil the less depth
of water is required, which is not obvious at first sight; but the
clay lets the water run over the surface without soaking into the
roots, whereas the porous soil is soon soaked to a considerable depth.
The water must therefore be longer on the cl.iy than on the sand or
gravel to produce the same effect. If the water is properly applied all

kinds of soils may be converted into fertile water-meadows. On very
stiff clays a coat of sand or gravel, where it can be easily put on, will

greatly improve the herVjage. It should not be ploughed in, but laid

on the surface two or three inches thick : chalk will also improve the
herbage.

The usual time of letting on the water on water-meadows is just

before Christmas, and it may continue to flow over the land as

long as the frost lasts, unless the frost be very severe and the land
be frozen : in mild weather it may be turned off during the day
and put on again at night until the frost is gone. The grass will soon
begin to grow, and be ready to be fed off. When this is done the water
is immediately let on for a short time, and turned off again to allow the
ground to dry after a few days' flooding, and the water is let on again

at short intervals. The warmer the air is, the shorter time must the
water be allowed to cover the meadows. As soon as the grass is five

or six inches long it must be left dry entirely till it is mown or fed off.

3s
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floodinss murt be very iliort ; Keldom more thAn

at a time, but frequent Thu« a great weight of

In aummer the
twenty-four houra
paa may bo obtained year after rear without any maoiuv being put on

UM had, «re being taken that where the nir6u>e ia not quite even tlio

hoUows be filled up with Mrth brought from another place, or dug out

of the drain, if that ahoidd l« partially HUed up witn the aoU which
the water haa carried into it. We alluded before to a case where water
may remain a contiderable time on the land without injury ; thi« is,

when there are inundntionti from riven, which riiw above their bed« in

Hiring and cover the low meadows which lit' along their banks. In

tnia case the gnm, which h.vi not yet 8pnmg up, is pn>tect«d from the

cold, and if there be a deposit from the watvr there is a consider-

able advantage. But when it subsides, it must bo made to run off

entirely, without leaving small pools, by which the grass would
inevitably be injured. Small ditches or chaimels are usually dug, by
which all the water may nui off, unless where the subsoil is very porous,

or the land is well under ilrained, which is seldom the case in these

low meadows, for the ilniius would l)e apt to be choakcd by the earthy

deposit from the wiitor. These inund:itions can sometimes be regu-

lated by means of dykes and flood-gates, in which case they p,-irtako of

the advantages of irrig:ition, and also of that deposition of fertilising

mud which Is called warping. [Warpino.I
At a lecture given before the English Agricultural Society, at their

Salisbury meeting, Mr. J. Combes, of Tisbury, made the following

statement on the management of two Devonshire and Wiltshire mea-
dows ; and we quote it as he ia probably the first authority on this

subject in England :

—

" The watering shotild commence the first week in November, by
which time there will be a crop of young grass about two inches high.

It is very desirable to have the young gross when the watering begins,

that the water may percolate through the grasses ^o as not to fiood

them, otherwise they will, if flooded for any length of time, be stilled

and become tliin. The meadows should always be in readiness to

receive the first trtah of the river from the autumn.al rains, as this

water is, especially after a dry summer, rich with alluvial matter.

Many meadows are very much injured by being fed too late in the
season, and by the treading of cattle ; it should always be borne in

mind that one mouthful of water-meadow grass in April is worth five

or six of the same when fed in November. In general, the more the
land is watered in November and December the better ; but should
the weather be very mild during this time, the meadows may have a
few days' drying. In January the water should remain on the land
about five days in six, unless the frost be so intense as to cover the
meadows with ice, which is sometimes the case, when the water should
be all turned off the Und until a thaw takes place ; the young grass

will bo protectc<l by the ice and even grow under it. In February
three days in four will be enough for watering. In Starch the irriga-

tion aboutd be two days in four until the water is turned out to make
the land dry for feeding the grass, which will generally be fit about
the last week. As soon as the sheep have fed off a portion of the
meadow, or about the middle of April, the water should be again

turned over that portion, but care nuist be taken not to allow it to

remain long on the land until the groxs be grown high enough to keep
above the water; during the remainder of this month and the follow-

ing months of May and June, two days in a week will bo enough for

watering. In general the grass will be fit to cut for hay by the middle
of June. In July and August, or until the second hay crop be fit to

cut, the water should be used sparingly, one day in six will be quite

sufficient. In September and October water-meadows should l^ kept
perfectly dry. The above rules apply to me.idows that have a plentiful

supply of water, but on those meadows that are short 'if water, which
are by far the greater l>art, some of tlieru requiring to In) watered in

five or six portions, technically called steniH, the whole of the water
should remain on each stem for about five <Ltys at a time in winter,

and two days at a time in summer, so that all the meadow may be
watered in about twenty or thirty days in winter, and eight or ten in

summer. A good flow of water, or what is called thick watering, is

always to be preferred to thin watering, especially during the summer
months ; lor a very thin watering for a week together at summer
ttma, suecially on a day soil, is oftentimes injurious. I may here
remark that night watering is preferable to watering by day, and the
water will do more good in shady than in sunny weather. The water
of the streams in this part of the country runs from the chalk, the
npper green sand, ami the upper oolite formations. Tliat best adapted
for irrigation is pure spring water.
" All water is very good for irrigation wherein certain aquatic plants

grow, such as bruokiime, watercrcaacs, and watcr-millefoil, and when
S>ol>ss and other substances in the stream are thickly covered with
Uchai. Some of the best descriptions of grasses for water meadows
are

—

AnlAojcanthnm odoratum, or sweet-scented vernal grass; Fettuca
pratemtU, ot meadow fescue grass ; P/ileum jiraleme, or Timothy grass

;

£foli*m pffmne, or Tjegnm ; Atjrotlli §lt,lonifem, or fiorin grass. All
these are found in the best of Uie Wiltidiire water-meadows, especially
the Timothy and fiorin grasses. I should recommend in all new water-
BMldows a mixture of Italian rye-grass. 1 will now state what may lie

considered the sveraoo produce of tlie water lufoilows in South \\'ills.

In doing »ii I will take a inea<low of 20 acres, depastured in siiring by
shesp. The spring feed ot this meadow as fed in April will keep 400

couples of sheep ZS dan, during which time these 400 couples will

fold 10 acres of arable land, and it will after this yield in the first and
second cuttinn of grass about 40 tons of hay. As I have said, this

may be considered the STeroge production of these water-meadows,
liut in order to see the capabilities of soihe of the best description, I
will here state the annual average produce of some of them. In show-
ing this, I will again take a 20-acre meadow, the spring grass of which,
when fed by sheep from about the last week in Marcn till the middle
of May, wiU keep 400 couples seven weeks. During this time these
couples will fold in the arable land from 16 to 20 acres. This meadow
will tlien in two cuttings give at least 60 tons of hay. In this case
there is annually put on the arable land 1 5 acres of spang folding and
60 tons or more of hay, tlius enabling the farmer to dispense with the
growing of about 20 acres of turnips and about 25 acres of field grass,

or to increase the number of his sheep stock on a farm of 400 or fiOO

seres at least 12 per cent. I have myself, on a meadow of 13a. 3r. 2(Jp.,

kept on the spring gross, in April and May, 277 couples 83 days, and
11 cows 26 days, with a little less than 10 lbs. of bay per day per cow,
after which there was cut from the same meadow at least 2 tons of
hay per acre, the aftermath being fed by cows and horses. I have also

mown part of a water-meadow 2'J times in six consecutive years, the
produce of which averaged annually during the six years a little more
than 40 tons of grass per acre ; one year it produced more than 47 tons.

In some seasons, when there i« a failure of the turnip crop, the spring

feed of water-meadows is exceedingly valuable ; I have known it fre-

quently let for 7'. or 61. per acre, and in one instance I knew the spring

feed of a water-meadow of 64 acres let for 80/., or nearly 13t per acre."

On the proper seeding of land intended for a water-meadow, wo
quote Professor Tanner's report on the Practice of Irrigation in the
' Journal of the Bath and West of England Agricultural Society." The
following is his list :

—

" Poa aqualica (or Glyteria aquatlca). This water-meadow grass,

also knowu as the reedy sweet-water gross, is a valuable plant for

irrigated land, as it has a rapid ijroirth of pood quality.

" Poa jiuitant (or GUjceria fiailam), floating sweet-water grass, is

exceedingly early in its growth, and for this reason is generally sought
after in seeding new meadows.

" Poa triviality rough-stalked meadow-grass, although not particu-

larly early, is yet productive, and very desirable for water-meadows.
" Agrottit ttolonifera, fiorin grass or marsh bent, takes a high position

as a water-meadow grass. It is very productive, and yields Imt/t early

and late herbage of good quality. It always tprto/dt rapidly, and
maintains a firm |>lant.

" A lopecuriu pratenait, meadow foxtail grass. Its early, abundant,
and rapid i,rowt)i, together with the excellent qualities of the herbage,

place this among our best grasses for meadows ; and it answers very
well for water-meadows, provided the management is good.

" Fettuca elatiur, tall meadow-fescue. 'This grass, although rather
coarse in its nature, is reliihed by $tock ; it is, however, best suited to
land which lies low.

" Fettuca pratentit, meadow-fescue. The produce is abundant with-
out being coarse ; the quaiity is exeellent, and its growth regular.

" Lotm major, great bird's-foot trefoil. Moist situations are its

natural localities. It yields an abundance of mUritiout food, and is

much sought after by stock.
" Trifolium hybridum, hybrid clover, is not grown as much as its

merits justify ; it is highly esteemed on the Continent, and where it is

grown in this country it answers very welL It is the mott luitable of
all tkc clovers for a water-meadow.

" Phleum pratente, meadow cat's-tail or Timothy grass. The growth
of the grass is both early in the spring and late in the winter ; it

produces an abundance of herbage, and the quality i» ejcerdinyly goo<l.
" These are the principal grasses which ore suitable for irrigated

land ; and the following mixture of these seeds, which has been recom-
mended,* appears to be a judicious receipt :

—

lbs.

Agrostia atolonifers ,1
AlopecuruK prstvnuia 3
Fettuca elatior t

„ pratenais %

„ „ loUseea .... 3

Oljreeria aquatioa 1

„ fluitana 2
Lolium iUUcum 8

,, pcrcnno 12
rhalaria arandlnacea S ,

Fhlruni prntenjs 3
Poa triTialU S
l>otn« major 3
TriroUum hybridum . .... 1

4t

" These seeds should be sown on the land after it has been well

cleaned and brought into good order by previous cultivation. The sur-

face must be gently harrowed and then rolled, the birds kept off, and
with ordinary core a good plant of gross will soon establish itself,

producing herbage of the very best quality."

* Morton's Enojrclopadia of Agrtcnltnre,' ToL L p. 1001.
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LasUf, we quote Professor Buckman's report on the influence of
irrigation in modifying or improving the character of natural pasturage.

He says :
—

" Irrigation, when it can be practised, is—though acting indi-

rectly—the most direct means of getting rid of all extraneous plants

from grass herbage, and the most direct encourager of the growth of

grass solely that we possess ; in illustration of which we quote the sub-
joined table from the ' Journal of the Kojal Agricultural Society,'

voL XV., part 2.

Table I.

—

Sbowiko ths Chaxoz of Bssbs (not Gkassks] undee Isbioatios.

Botasjcil Namei. Common Names.

Proportionals.

After

two

years'

Irrifration.

After

four

years'

Irrigation.

BaaDDCuliu acris

„ bulbosufl

FUntago lanceolaU .

., media . .

TriXoUiun repcns

„ ptatcDse .

AnthriscQS vtilgaria .

Upright Meadow Crowfoot

.

Bulbous Crowfoot
Narrow-leaved Plaintain .

Broad-le.iTed Plaiutaia , ,

Dutch Clover .

Broad Clover , . .

Common beaked Parsley ,

1

3

3

3

2

1

1

3 I

" Here we see a marked decrease in bad plants and a corresponding
increase in good to be distinctly traced in two years ; and in four years
this decrease is still more rapidly progressing ; and we are enabled to

state, as the residt of some seven years' watching, that now the irri-

gated meadow presents scarcely a trace of the plants belonging to

this table, but all, or nearly all, are replaced by most excellent grasses.
" The following table represents the changes which took place in

twelve species of the meadow-grasses in the same time. This field

trebled in value in four years, and is now worth 51. an acre, its

increased value being due not only to the fact of its growing grass and
nothing else, but to its growing only the best kinds of grasses ; for
irrigation acts indirectly by killing weeds and innutritions grasses.

Tabu II.—^BxPBxsBXTixa tbz Chaxoes of OBAssn oitDBB Ibbioatiok.

Botanical Names. Common Names.

Proportionals.

It |M iH
^g-E ^St

Alopecnrus pratensia . Meadow Foi-tiil Grass . . 1 2

Foa pratentiis . Field Meadow Grass . 2 3

„ trivialis . . . Rough Meadow Grass . . 1 2

Briza media Quaking Grass . 2 ..

CTDosanu criatatus . Creoted Dog's-tail Graw . 2 1

Aira eeapitosa. , , Hassock Grass . . . 1 ..

Agroitis stolonifera . Marsh Bent Grass 1 2

Dsetylis glomerats , Cock's-foot Grass . . . 1 2

Arena flaveacena . . Yellow Oat Graas 2 S

„ pubesoeni Soft Oat Grass . . . 1 1

Bordenm pratcnse . Meadow Barley Grass 1 2

Lolium perenne . . Perennial Rye-grass . . 2 4 6

" These tables will at a glance show the practical bearing of irri-

gation as an indirect means of getting rid of extraneous meadow plants,

and at the same time its direct advantage in encouraging the growth of

ISAMIC ACID. [Indigo.]

ISAMIDE. [iKSioo.]

I8ATANE. [INDIGO.J
18ATHYD. [iNDioo.]

I8ATIC ACID. [iNDioo.]
ISATILIME. [Indigo.]

ISATIMIDE. [Indigo.]

18ATIN. [Indioo.]

ISATINIC ACID. [Indigo.]
18ATYDES. [iKDioo.]

ISETHIONIC ACID is one of the substances found in the residue
from the preparation of ether, but may be formed directly by boiling,

for some time, a strong solution of ethionic acid. The formula for

ethionic aci<l is (C,H.,2HO,4S03) ;—not (C.H„2H03,4S03) as repre-

sentc<l under Ethionic Acid—and by ebullition is decomposed into

sulphuric and isethionic acids : these may be separated from each
other by neutralisation with carbonate of baryta and the isethionate of
baryta obtained in tabular crystals by evaporation of the filtered

solution.

Isethionic acid (C,H.,2HO,2SO,) is uncrystallisable. It is isomeric
with sulphovinio acid, but is well characterised by the greater stability

of its salts. The general formula of the UctUonatu is (CjH^,HO,MO,

2S0,) or perhaps (MO.C.H-SjO-). They are mostly crystallisable, and
when heated with hydrate of potash are decomposed into carbonate,
oxalate, sulphate and sulphite of the base, hydrogen being evolved.
ISINGLASS is animal jelly, or gelatin, nearly pure. The best

isinglass is jjrepared in Russia from the membranes of the sturgeon,
especially from its air-bladder and sounds, which are remarkably large.

These, when removed from the fish, are washed with cold water, an4
exposed a little to the air, in order that they may stifleu ; the outer
skin is then taken off and rejected, and the remainder cut out, and
loosely twisted into rolls, according to the intended size of the pieces,

which are called staplcSj and are known in commerce by the names of

long and short staple, and of these the first is the best : these are dried
in Uie air. The best sort of isinglass is used for the table and in

confectionary ; it is also largely employed in refining wine and beer.

Isinglass is nearly colourless, has but little taste or smell, is trans-

lucent in thin pieces, and is soluble in water. One part of it dissolved

in 100 parts of hot water gives a solution which completely stiffens in

cooling,

Ismglass is also dissolved by most acids readily, and also in solution

of potash and soda, but not in alcohol. Several metallic salts and
oxides have the property of precipitating a solution of isinglass, but
corrosive sublimate does not produce this effect, which serves to

distinguish.it from albumen ; but it resembles that substance in being
precipitated by infusion of galls or of oak-bark. Isinglass is extremely
nutritious.

The degree in which we are dependent on different countries for our
supply of isiuglasii will be seen by the following figures, which refer to

the importations for 1856, presenting a fair average for recent years :

—

From Kussia, 525 cwts, ; Brazil, 440 ; East Indies, 233 ; Prussia, 166;
Guiana, 87; other countries, 170; equal in the whole to about
180,000 lbs.

lSlS,one of the chief deities of the Egyptians, the sister and wife

of Osiris. Isis was the Goddess of the Earth ; the Universal Mother

;

the Goddess of Fecundity, and the cow was therefore sacred to her.

In the later dynasties she was the divinity of the moon, Osiris being
that of the sun. By the Greeks she was identified with Demeter, and
her worship became widely spread through Greece, and subsequently
in Home. She was said to have first taught men the art of cultivating

corn, whence com was always carried in processions at her festivals.

The annual festival of Isis in Egypt lasted eight days, during which a
general purification took place. The priesta of Isis were bound to

observe perpetual chastity, their heads were shaved, and they went
barefooted. The goddess was often represented as a woman with the
horns of a cow. She also appears with the lotus on her head and the

sistrum in her hand ; and her head in some instances is seen covered

with a hood. Heads of Isis are a frequent ornament of Egyptian
capitals on the pillars of the temples, as in the facade of the temple of

Denderab, and the column from the same building, both engraved
under Egyptian Architectuue, where also the female figures shown
in the cut of the temple of Abou-Sambul are supposed to be representa-

tions of Isis.

As the worship of lais passed into foreign lands it assumed a foreign

character and many foreign attributes, as we see from the Greek and
Roman writers. Sometimes Isis is represented like Diana of Ephesus,
as the universal mother, with a number of breasts. The mysterious
rites of Isis were probably in their origin symbolical : on one of her
statues was the inscription, " I am all that has been, that shall be ; no
mortal has hithei-to taken off my veil." But the Isiac rites, trans-

planted to Italy, became a cloak for licentiousness, and they were
repeatedly forbidden at Rome. Tiberius had the images of Isis thrown
iuto the Tiber, but the worship revived, and Juvenal speaks of it in

an indignant strain. The Isiac table in the Turin Museum, which is

supposed to represent the mysteries of Isis, has been judged by Cham-
poilion to be the work of an uninitiated artist, little acquainted with
the true worship of the goddess, and probably of the age of Hadrian,

(Plutarch's TrealUe on Isis and Osiris, Wyttenbach's ed., ii, 441
;

Herod,, ii, 41, 42, 123, &c, ; Pausan,, ii, 13, 7, and particularly x. 32,

13; Rosellini; Wilkinson, ,4ncien< £(?yj)(ians, vol. iv.)

ISOCETAMIDE. [Isocetic Acid,]

ISOCETIC ACID (C3oH,o04)- T'^s grains of several euphorbiaoeous

plants yield by expression a white inodorous oil of sp, gr, '91, By
saponification with caustic soda it is separated into oleic and isocetic

acids. The latter purified by crystallisation from alcohol is obtained

in brilliant plates, the melting point of which is 131° Fahr.

hoceiamide (Cj^H^NO^) results when the oil is heated with am-
monia in a closed tube. It is a wliite substance fusible at 152° and
not acted upon by concentrated caustic potash.

Jtocetic ether is a white odourless body, solid at temperatures below
0° Fahr. [Ethereal Salts,]

ISOCHROMATIC LINES are those coloured rings which appear

when a pencil of polarised light is transmitted along the axis of a
crystal, as mica or nitre, and is received in the eye after glassing

through a plate of tourmaline. If a plate of nitre, having its surfaces

perpendicular to the axis of the natural prism, and highly polished, be
placed between two plates of tourmaline having their axes at right

angles to one another, and the system be held close to the eye, which
is directed towards the sky or a sheet of white paper, there wiU be

seen a series of oval rings, about each of two points as poles, forming
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togetlier Bipirei rcaanbling lemmucatet, wliich are cunrra definod by the

{iroperiy that Uie rectangle oontained by two line* drawn from two
pointa called tlie polea to any point in the curve ia constant. The
ligfat coming directly from a lamp or candle may be uaed in the ezpe-

rimaat, provided a leoa of abort fociu be added in front, so as to oon-

deaae the li^ht on to the syatem, and thus ftimiah an illuminated

field of sufBoient angular extent to comprise the rings.

The cunrea rcoeire their designation from the circumstance that

throughout each the tint is oonataot. For nitre, and other biaxal

oystw whose optic axes are not tar apart, Uic tint is determined by
the value of a quantity vstyinc directly, in a given kind of crystal, as

the rectangle above mentioneS (the distance between the poles being

amKMed ooostant), and inversely as the thickness of the crystalline

pfatle. In the genenal case, the curves are conceived to exist on the

•orlace of a sphere of which a point in the crystal is the centre ; and
when the optical axes of the crystal are at a considerable distance from
one another, if the curves be projected on a plane, the tint in each

curve will depend on the product of the sines of the angles subtended
by two lines drawn from the poles to a point in its periphery, and also

upon the length of the path described by a ray of Ught in passing

through the crystal.

ISOCHKONOUS, ISOCHRONISM (toot, equal, xpint, time).

Vibrations or oscillations which are performed in equal times are called

isochrunias; and isochronism is the name given to a remarkable
property of all systems which are in equilibrium, namely, that when
alight disturbance, be the same more or leas, is given, the oscillations

which take place are all performed in the same time, or so nearly in

the same time, th.it any acceleration or retard.ition ia totally imper-

ceptible. Thun, when a )>endulum is allowed to vibrate till it rests, it

wul be found that there is no )>erceptiblo difference between the vibra-

tions of longer and shorter extent ; of which any reader may satisfy

himself by attaching a weight to a string, and observing the vibrations.

But a stiU better proof may be found in a musical string : the finest

ear cannot detect any difference between the pitch of a note made by a
BQuut. blow on the key of a pianoforte and tliat mode by a gentle one

;

yet 4 very sn^all difference in the number of oscillations per second
would be perceptible, and the amount of disturbance from the position

of equilibrium is twenty or thirty times greater in the first case than
ia the second.

When, under two different circumstances, the longer space ia de-
scribed in the same time as the shorter, it must be that the force acting

in the first case is greater than that in the second ; and it is sufficiently

known from experience, that the more a system at rest is disturbed, the
greater ia the effort which it makes to return. But in order that there
may be isochronism, it is not sufficient that the effort to return should
increase with the amount of disturbance, but the increase must take
place according to one particular law. This law is as follows :—the
force of restitution must be always proportional to the disturbance, so
that whatever force begins to act when the disturbance is a, twice as

much acts when the disturbance is twice a ; and so on for all propor-
tions. That this law does prevail when the disturbance is not great,

either absolutely, or so nearly that its error is extremely small, may be
proved both b^ theory and experiment. The most complete proof is

to be found m the ' H^canique Analytique ' of Lagrange. Granting
the law, we can make it sufficiently apparent that the consequence
must follow, namely, that all vibrations are performed in e<{ual times.
Let A and B be two material points which are urged towards the point

L K A B Q B

' pressures which are proportional to o a and o b ; and further let

pr—lire diminiah as either point approaches towards o, so as

always to preserve between the i)ressures at any two points the pro-

portion* of the distances of those |)oints from o. Take a minute portion

of time, so small that the pressure may not vary sensibly diu-ing its

continuance: then [Acceleration; Fall ok Bodies] the velocities

created and the spaces described in that time will be proportional to

tile preiBures producing them. If then, during that time, a move to

K aod B to q, A K and a q (and therefore o K and o g) will be in the pro-

portion of o A to o B, and the points will be at K and q, with pressures

and velocitie* proportional to o K and o q. In a second such instant

lat the point* move to L and It : then K h and q R, partly 4ue to velu-

eitie* which are a* o K to o q, and partly to acoelemtions which are in

the same proportion, will still be in the proportion of o K to oq, or of

O A to o B. Consequently the whole a L is to the whole B R in that
proportion : and reasoning in this way for successive small accelera-

tions, we show that the whole space moved over by a in any time is to

that moved over by B in the same time in the proportion of o a to o B.

Conaaqnentijr a describes a o in the same time u which R dexci iV>ca

a o ; or the half of a vibration of a is made in the some time as half a
vibratioo of B.

To make this process perfectly strict, recourse must be had to the
aooiidrrations in Ibtkoral Caixl'lcs.
ISOCLINAL. A t«Tm applied to those linea on the surface of the

i^ob* which oonnectpboe* where a magnetic needle has the same
meUnatioB or dip. The term mean* ei/iuil iMcllnaii'm, just as IsooT-
BAiiic means t^iuU force ; iaodynamic lines connecting thoea places

where the total magnetic power of the earth is the same. [Xaokbtism,
Terrestrial ]

ISOCYANURIC ACID. [Fulmuccbic Acid.)
ISOMERISM. There are numerous substances, especially amongst

organic compounds, which contain the same elements in exactly Uie
same proportions, but which nevertheless difler more or lea* widely
from each other in their properties. Such substances are said to be
itomtrie, and this property or attribute ia termed itomerum. A
striking instance of this relation between a number of compounds is

seen in cyanic acid and its itomen. Thus the following compounds,
though widely different from each other in properties, all poaaeaa the
same percentage composition

:

Cyaaicacid C,BNO,
C^inwlide C,nNO,
Fulminic acid C,II,N,0«
Fulminurie acid C.H,N,0,
CTsnuric acid C,H,N,0,
C^onilic acid C,H,N,0,

When two or more isomeric compounds hare the same equivalent

number, as cyanic acid and cyamelide in the above list, they ara said

to be mctamerlc. la some cases where the equivalent numbera of

isomeric compounds differ, and where it may be supposed that the

difference in properties results simply from the different state of con-

densation of their elements, as in the defiant gas family, Uie bodies are

said to be poli/meric.

ISOMETRICAL PERSPECTIVE. [Pebspeotivb.]
ISOMORPHISM. This term, employed in chemistry and crystal-

lography, strictly signifies similarity uf form, but chemists restrict the
term to such bodies as ore not only similar in crystalline form but
also in chemical composition ; thus diamond, magnetic oxide of iron,

and alum, all possess the same crj-stalline form, that of the octohedron
—but they are not regarded as isomorphous, because they possess no
analogy in chemical composition. On the other hand spinelle-ruby

(MgOjAljO,), magnetic oxide of iron (FeO,Fe,03), and chrome iron ore

(Fe0,Cr,0,) are termed isomorphous because they not only crystallise

in the same form, but are analogous in their composition. The
following are some of the most important isomorphous groups :

—

I.

Alumiss A1,0,
Seequioxide of iron Pe^O,
Oxide of chromium ^t^s
Ilmrnito FoTiO,

II.

Sulphuric acid BO,
Belenic acid SeO,
Chromic acid CrO,
Uanganic acid MnO^

in.

Chloride of potassium . . • . KCl
Bromide of potassium KBr
Iodide of potassium KI
Fluoride of potassium KF

For further details regarding isomor]>hism, and also for a description

of the doctrine of dimorphimt , see Miller's ' Chemical Physics.'

ISOPKKIMETRICAL. [Vakiation, Calculus or]
ISO'.SCELKS (fffoi, equal, axdhot, leg, the c usually pronounced

bard, like it), a term applied to a triangle of which two aides (or 1^)
are equal.

ISi (TARTARIC ACID. [Tartaric Acid.]

I.SOTEKKBKNTHIN. [Turpentikk.]
ISOTHERMAL LINES. [METEROROLo<iy ; TEMrERATrHE, Teii-

resthial. Distribution or.]

ISSUE. (Law.) [Pleading.]

ISSUE is an ulcer artificially fonned for the purpose of maintaining

a constant purulent discharge from some part of the body. It is

usually made by placing one or more beads or peas on an incision

through the iutvgiiments in one of the limbs, or in the neighbourhood
of a diseased |<art, and there retaining them by adhesive plaster, so as

to prevent the wo\uul from healing, and keep it iu a constant state of

suppuration. Other issues are made by rubbing caustic potash, or

potash and quicklime, on a part of the skin till it is destroyed and
sloughs, and by keeping open the ulcer thus formed, either with peaa,

or very stimulant dressings. Setons ara another form of issue, made
by pawling a brood flat needle beneath a portion of the skin, and
retaining in the passage thus formed either a skein of silk or a flat

band of caoutuhouc. The moxa and the actual cautery are also some-
times employed with the same view.

The tue of issues for the cure of constitutional diseases, under the
idea that they remove noxious principles from the blood, is now
entirely abandoned ; but they are sometimes had recourse to in order

to restore an habitual discharge which has been checked by the cure

of any chronic local particularly skin disease, and the cessation of

wliich has seemed to give rise to congestion of the head or of any
internal organ. But the principal vadue of issues is as counter-
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irritants, by establishing a disease which is of itself unimportant in the

neighbourhood of one which by its situation is more serious ; and
hence they are amongst the most important means in the cure of

chronic inflammations of many internal organs, and especially of those
of the joints and of the spine.

ISSUE PEAS are round bodies employed for the purpose of main-
taining irritation in a wound of the skin which is called an issue.

[Issue.] It is a matter of indifference of what substance the peas are

composed, so long as they do not introduce poisonous matters into the
wound. The seed of the common garden pea is frequently used ; but
this is apt to putrify or sprout. It is however more common to use
the young unripe fruits of the common orange (Citrus aurantium).

The fruits are dried and afterwards turned in a lathe before they are

used as issue peas. The unripe oranges, dried, are sold imder the name
of orangettes or Cura^oa oranges. The rootstock of the Iris floreniina

is also formed into peas, and used for keeping up the discharge from
issues.

ISTHMIAN GAMES. The Isthmia were one of the four great

national festivals of Greece, the others being the Olympia, Pythia, and
Nemea. The Isthmia were celebrated imder the presidency of the
Corinthians, near Corinth, on the isthmus connecting Peloponnesus
with the continent, at intervals of four years, corresponding with the
recurrence of the other festivals above-mentioned, so that each year
had its solemnity. The Isthmian games were first established in

honour of Meliccrtes, the son of Ino(Paus., i. 44), but were reorganised

by Theseus iu honour of Poseidon, the presiding deity of the isthmus.

The crowns bestowed on victors were of pine-leaves, or, later, wreaths
of ivy. After the fall of Corinth the Isthmia were celebrated under
the direction of the Sicyonians, until Corinth was re-built, when they
were restored to the Corinthians, and continued to be celebrated till

the establishment of Christianity. As all these games were similar in

their object, contests, and ceremonies, it will be sufficient to refer for

further details to the article on the principal of them, the Olympia.
[Olympian Games.]
ITACONAMIC ACID (C,„H,NO,). A brown amorphous acid,

formed by heating the itaconate of ammonia. Its salts are very
instable. In like manner, by heating the itaconate of aniline itacon-

anilic acid (C,oH„(C„Hj)NOj) or plunyUitaconamic acid is ob-

tained.

ITACONANILIDE (C,„H ,(C„H.),N,0.), Phenyl-itaconamide. An
unimportant derivative from citric acid. [Anilides.]
ITACONANILIC ACID. [Itaconamio Acid.]
ITACONIC ACID (C,„H.0„,2H0). When citric or aconitic acid is

distilled, two liquids are obtained in the receiver, the lighter of which
mixes perfectly with water, whilst the heavier, which is oleaginous,

combines with it slowly, and becomes a crystalline mass, to this a
mi£Bcient quantity of boiling water is to be added to dissolve the

oleaginous liquid and the crystals formed, and the solution is to remain
exposed to the air ; after some days' spontaneous evaporation, crystals

of itaconic acid are deposited, which are transparent and hard;
these are to be purified by repeate<I cr}'atallisations from water.

The properties of the itaconic acid thus prepared are :—It crystallises

in rhombic tables or rhombic octohedrons. It has no smell, but
possesses a very strong acid taste. It dissolves in 17 parts of water at

50°, and iu 10 parts at 68°, and boiling water dissolves much more. It

is soluble in alcohol and in ether ; at 248° the crystals lose no weight.

At 320° they melt, exhaling white irritating vapours, and volatilise

without leaving any residue when the heat is continued. When
subjected to distillation they decompose into anhydrous citraconic

acid and water.

ITALIAN ARCHITECTURE. Instead of comprising buildings of

every style and class to be met with in Italy, the term " Italian Archi-

tecture " is generally restricted to signify that generic style formed by
the revival of the Roman orders, and the adaptation of them, and other

features derived from works of the same age, to buildiugs of every
• kind, domestic as well as public. Without such limitation, the term
would apply to buildings having nothing eUe in common than their

locality, to the Ca d'Oro at Venice, no less than to the works of

Palladio, and such modernised PaUadianitm as is exhibited in the

design of the Teatro Fenice in the same city. Even with such limi-

tation, the style presents so many varieties, both in regard to modes of

treatment and taste of design, as to render it difficult to draw up a

succinct account of it, if more be attempted than to explain the

character of the orders and other leading external features, with their

application, and the taste generally manifested iu architectural design.

Italian architecture, thus restricted, arose in that remarkable era

in Italian history when the Medici had gathered about them tlie

learnrng, the poetry, and the art of the <Liy, and the revived study

of classic literature having imbued the educated classes with a deep
reverence for everything claasic, works of art, as well as literature, were
anxiously moulded according to a Roman type. Instead, however, of

proposing to themselves the remains of Roman antiquity as models to

be freely followed in the same spirit, and modified as circumstances

should require, Italian architects, in endeavouring to fix a new style

founded upon the ancient orders, began by reducing the orders them-
selves to the strictest mechanical system possible ; notwitlistanding

that for the Doric and Ionic they had no better guide than the few
deliased and insipid specimens which occur in Roman works^ and the

ambiguous explanations given in the text of Vitruvius, whom they
looked up to as an infallible oracle.

Italian architecture then is, allowance being made for local varieties,

a style founded upon the Roman antique as interpreted by the writings

of Vitruvius, and reduced to a methodical system by Alberti, Vignola,

and Palladio. It was, however, founded rather on the Coliseum, the
baths, triumphal arches and other secular buUdinga of the Romans
than on their temples. Its greatest triumphs were iu the palaces and
civic buildings, rather than in the churches, which it secularised, and
as the phrase is, paganised. But the Italian architects in their revival

of ancient art made no effort to reproduce the ancient buildings. Whilst
they followed with pedantic strictness the teaching of Vitruvius and
Alberti in reference to the orders separately considered, they allowed

themselves the utmost licence in their application of them. Theirs

was a new combination of parts, not a repetition of the whole ; their

principle was that of the aflaptation of antique Roman forms and details

to modem Italian buildings. These forms and details were often

applied with little consideration or discrimination, but the general

effect is nevertheless rich and imposing; audtoBrunelleschi,Sansovino,

and Palladio must be accorded the honour of having created a new and
noble style of palatial and domestic architecture, rich in resources, and
admittingof the combination of broad simplicity and dignity of treat-

ment with freshness, elegance, and picturesqueness in the details. But
it is essentially a civic style of architecture ; the architecture of narrow
streets and public places ; an architecture whose buildings were to be
seen close at hand and admired in detail, not like the ancient temples
or mediaeval cathedrals to awe the mind by grandeur of mass, :is well

as by the severe simplicity or multitudinous variety of subordinate

parts.

The characteristic features of the Italian architecture of the 15th
and 16th centuries, maybe stated briefly, but cannot be so stated with-

out leaving the statement exceedingly imperfect. As has been said,

the characteristic which distinguished this from the architecture of the
preceding centuries was the strict use of the Roman orders. But then
these orders were employed rather as a decorative than a constructive

feature ; and applied without regard to classic precedent : and precedent
being departed from in the primary instance, its neglect throughout
followed as a necessary consequence. Thus different orders, or repe-

titions of the same order, being applied to the several stories of build-

ings whose fronts were pierced with windows, it became unavoidable

to abandon all proportion of intercolumniation, and to space the
columns according to the breadth of the piers and the apertures between
them ; which in turn left hardly any other alternative than to engage
the columns themselves, that is, to attach either half or three-quarter

columns to the walls, because insulated columns placed so wide apart
from each other would have had an exceedingly poor and meagre
effect. And where one order was placed above another, two straggling

rows of low insulated pillars— for low they must be in comparison with
the entire height of the building,—instead of at all ornamenting a
building, would have incumbered it with what would have resembled
stages of scaffolding.

For a somewhat similar reason, either pilasters were substituted for

engaged columns, or the entablature was made to break over every
column ; for if, instead of being thus broken, the entablature were
continued from column to column in each story, overhanging the face

of the wall, it would produce an appearance of heaviness as well as

weakness. One result of this practice of giving a separate order to

each story is, that the columns become comparatively insignificant,

both in proportion to the entire front and to the windows between
them ; more especially when the columns are further shortened by
being placed on pedestals. In fact windows and doors are generally

the predominant features in Italian composition, even where two series

are comprised within one order, being generally more prominent in

their cornices and pediments than the other projections. They are
often decorated with smaller columns or pilasters, and Palladio has
sometimes loaded them with recumbent figures on the raking cornices of
their pediments. Sometimes, as in the upper order of the Procuratie
Nuove, by Scamozzi, at Venice, the windows (decorated with a lesser

order) are carried up to the height of the capitals. In instances like

these the ornamental details may be in imitation of the members of

an ancient order, but the antique character is gone. Even where the
windows are kept more subordinate to the order itself, the effect of the
order is frequently diminished by the addition of a heavy attic pierced

with windows occupying its entire length, and surmouuted in turn by
a balustrade, having perhaps a formal row of statues on its pedestals,

which viewed at a little distance assume the appearance of so many
pinnacles on the summit of the building, whilst the balusters them-
selves iu such cases suggest the idea of perforated battlements.

Another distinctive feature of Italian architecture is the frequent
use of circular, and the introduction of broken, pediments over doors
and windows. Cornices are sometimes made important features in the
composition, but often they are rtodered subordinate or altogether
dispensed with, the balustrade being as we have seen made the crown-
ing feature. In some of the riclier examples sculpture is freely and
very effectively introduced, though occasionally in a somewhat hetero-

dox manner. Sculptured friezes and elegantly carved vases also con-
tribute largely to the general effect.

But whilst much of the Italian architecture is microitylar, that i*,
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hM • Mpartto raull order to ncli floor, or hnritontal divinon of a

(kmI* ftbova tlw grxnind ll<Mr, much of it ia att^lar, U^Bt u, witbo\it

ColuBD*; Um window* and arches bviDj{ the chief feature* of tlic

oampadtioD. and eitlier a full entablature or a bold, rich, and carefully

proportioned comicione crowning the entire maat This Iart!e and

Hmple mode of treatment was greatly affected by the Florentine and
Boman arohitecta of the period of the revival.

The example and influenoe of the revived Italian architecture waa
ooo felt throughout Europe [RsitaiuaiiCE Abchitecture], and the

Italian arohitaota were averywnere looked up to and followed as the

0Mt maat«n of the profeaaion, until tku archsologiQal researches of

Uie last century, and particularly thu oxamination of the architectural

remaina of ancient Qraeoe, led to the desire for a closer imitation of

elaado, and especially of Oreek forms : a fashion which has in its turn

pyta way before the Qothic rc-action.

Ia our own country the Italian style was first introduced, with any
nwtance to oloaeneas of imitation, by Inigo Junes, and the Banqueting
House, Whitahall, may be referred to as a favourable oxaniplo both of

the genius of the architect, and of the imitative Italian of the begin-

ning of the 1 7th century. One of the latest English examples, prior

to the eruption of the Ureek furor, is Chambers's Somerset House;
the court of the Strand portion of which is a good example of a late

modified Italian style, where an order ia pUtced on a decorated base-

ment. In our own day the Italian style has been re-introdui^ with

Seat though not unquestioned success. Sir Charles Barry, the first we
lieve to adopt it, has applied it with great ability in several of kia

more important domestic buildings. The TravoUers' and the Ileform
club-houses in I'all Hall, both by liim, will, with the adjoining Carlton
Club (by Mr. Sidney Smirke), afford the reader a good idea of Italian

architecture. All the three are copies, or adaptations, of celebrated

Italian buildings : The astylar Travellers is an imitation of the Palazzo
Paodolfiui, at Florence ; the Iteform, a free adaptation of the Palazzo

Famese, at Uome ; the microatylar Carlton, a direct copy from San-
Bovino's famous Library of St. Hark, Venice. Several of the other
London club-houses are Italian in style, and more or less direct copies

of existing Italian buildings.

ITCH, or as it is termed by nosologists, Scabies or Psora, is a disease

of the skin, of which the most prominent symptom is a constant and
intolerable itching. The eruption conidsts most commonly of minute
resides filled with a dear watery fluid, and slightly elevated on small
pimples ; but its character is often obscured by a mixture of papula:
and pustule* with the vesicles. Hence the disease has been divided
into distinct species according to the predominance of each kind of
eruption ; but the distinction is artificial, and of no practical utility.

The eruption occurs principally on tlie hands and wrists, and in those
parts most exposed to friction, as the spaces between the fingers sod
the flexures of the joints. After a time it extends from these parts
to the arms, legs, and trunk ; but very rarely, if ever, appears on
the face.

The itch is attended by no constitutional disorder, except in those
•srerest forms in which the eruption consists chiefly of large pustules,
surrounded by considerable inflamnution of the adjacent skin. It never
appears to arise spontaneoiuly : but, where deanliness is not titrictly

obaerrad, it is aaaily communicated by contact. It is entirely due to
the prcMDC* of a minute acarus under the skin known by the name
of Sarccptm teabid. With the destruction of the insect the disease
dis^ppaan. [Acabida, in Nat. Hist. Div.^
A certain specific for the cure of the itch, which never gets well

without treatment, is the local application of sulphur ; all the parts on
which the eruption is visible should be plentifully smeared with themgumluM nUfJutrit every night, or every night and morning, till the
OON if parfarted, which will require from three days to a fortnight,
ooording to the severity and extent of the disease. The ointment
must remain on the part* after each application, and occasional warm
baths ought to be used during the treatment.
IVORY, the substaooe which composes the teeth or tusks of

aUphaots, is extensively uaad in the arts for making or embellishing
numberless small ariiefas in almost universal use. The principal sup-
plies of elaphaats' teeth to this country are dnived from the we«t coast
of Africa and from Ceylon. The remaining imporU are chiefly from
the coast of BarUuy, tlie Cape of Good Hope, Madagaaoar, and Siara.
The United States of Amdrloa also send to this country some of the
Ivory which they import ; and foadl ivory occasionally reaches England
from Ruada. The demand has much increased within the last few
yean, and the supply can scarcely keep up with it. A great quantity
la now brought over by the Peninsular Company's steamen from Alex-
andria, sometime* as much aa 30,000f. worth in one cargo. This
portion of the tnde consists chiefly of wild elephants' tunks which haveMm shad in the deaerta of Arabia, and bought up by the Pacha of

Egypt for sale to English buyer*. The teetV — ' '-''- -f " 1....1 ....»,

liipiKiiMttamus, wild boar, and narwhal, all

thougli the the tuak of the elephant is tlia ,.

name. The fossil mammoth, often found in Siberia, wan a kiud of

elephant ; and the ivur}- of the tuskn is very similar to that of the

elephant of the present day. The Russians almost wholly make use of

this kind of ivory. Some of the mammoth tusks are 10 feet long,

s<ilid .to within 8 inches of the end, and weigh 168 lbs. Pianoforte

makers oocaaionally veneer the white keys of those instriuuents with

mammoth ivory.

For purposes of manufacture ivory is cut up by means of saws set

in steel fnunes ; the saws arc from IS to SO inches long, from 1 4 to

3 inches wide, and 1-SOth of an inch thick; with the teeth sharp but

coarse. From the peculiar curves and twists of each tusk, great art is

required to cut ii|> the ivory with least waste. Veneers are cut in a ratio

of 30 to an inch thickness of ivory ; and as the sawdust, togetlier with the

8cra|)iug from after processes, effect a waste of one-half, it often liai>{iens

that ilu tinialied Ivor)- veneers will be no more than an inch in aggregate

thickness. The thin plates are used chiefly for miniatures and for memo-
randum-books. The Russians, some years ago, devised a mode of

cutting wood veneers out of solid blocks, by slicing it spitally from the

surface towards the centre, like unfolding a roll of cloth ; and il. Pape, a

pianoforte manufacturer at Paris, afterwards applied this method to

the cutting of ivorj' veneers. He can produce iiheets measuring 150

inches by 30 ; and with such sheets he bos veueered the entire surface

of pianofortes. Ivory forms a fine and delicate material for gra-

duated scales in mathematical instruments ; but it is liable to

expand and contract, under alternations of weather, to an incon-

venient degree—insomuch that the Tithe Commissioners have refused

to permit the use of ivory scales in laying down the areas and
boundaries of land.

Ivory, after being cut with the saw, is smoothed and polished by
various means—such as very fine glass paper, or emery paper ; whiting

and water applied by wash leather ; oil on a bit of rag ;
putty powder

;

Flanders brick, Trent sand, or powdered chalk, wetted, and applied

with flannel or a brush ; or scraping and then rubbing on soft wheels.

The list wheels employed by ivory-workers consist of 10 to 20 circular

pieces of woollen cloth, screwed tightly between two wooden discs of

rather smaller diameter; the cloth forms a pliant edge projecting

beyond the wood ; such wheels when moistened with Trent sand, are

used for polishing parasol handles and similar articles. The chief

demand in England for ivory is for m-aking knife-handles and combs.
Ivory is often engraved by the French artists. They first cover the

surface witli a ground of wax or composition ; then etch the design in

this ground ; then bite it in by a dilute solution of nitrate of silver ; then
wash in distilled water, dry with blotting-paper, and expose fur one hour
to the sun's rays. When the ground has been removed by the action of

essence of turpentine, the design presents itself as a series of browuidi
lines, which soon become nearly black. The design may bo developed

in other tints if, instead of nitrate of silver, there be used nitro-

muriate of gold or platinum, or nitrate of copper. Sometimes the

ivory itself is engraved, and the lines filled in with hard black varnish.

Another mode of ornamenting ivory is to engrave a design on a copper

plate, take an impression on paper, transfer this impression to the

ivory, stop out the blank portions with guiaoum vamisli, submit the

ivory to the action of dilute acid, and then melt or wash off the

vanush ; there will result a tinted engraving on the surface of the

ivory,
,

Hr. Cheverton in 18S0 patented a mode of making what ha terms

artificial ivory. It consists in giving an ivory-like surface to gypsum or

alabaster. The ornaments or other articles made of this material are

exposed for forty-eight hours to a temperature of 800" Fahr., by which
the moisture is driven off. They are then immersed till saturated in

olive oil or in white hard varnisb ; and after being steeped several

times in warm water, they are pblished with whiting or putty powder,

by which they obtain an ivory-like surface. M. Franchi has devised a
somewhat similar mode of imitating ivory by prei>aring a mixture of

32 parts plaster of Paris with 1 of Italian ycUow ochre ; the materials

are re<luce(l to powder, sifted, mixed, liquefied with wat<r, cast in

moulds, dried in the open air, baked in an oven, and soaked wliile hot

for a quarter of an hour in a hot mixture of equal part* of spermaceti,

white wax, and stoarine ; the cast is finally brushed while warm, and

polished with a tuft of cotton wool when cold.

The curious subst.'uice called vtgelabU ivory, is the seed of a genus of

plant* named Phiilclephai, from pKtUon and tUphat, the Greek version

of its English name. An account of it, and of its use*, will be found
under PHVTr.i,EriiA8, in Nat. Hist. Div.
IVOHV BLACK. [Bone Black.]
IXOLITE. A mineral hydrocarbon rasembllng hwrUU.



IOCS JACQUARD APPARATUS. 1008

T in the English language, has a sibilant sound, closely connected
" ) with that of the syllable di before a vowel. [Alphabet.] It has

a similar sound in the French tongue ; but in German it is pronounced
altogether aa our y before a voweL What its pronunciation was in

Latin may admit of dispute, for although it is generally laid down that

its power with the Romans was the same as with the Germans, there

i» reason for thinking that our own sound of the letter was not un-
known to the arcient inhabitants of Italy. The name of Jupiter was
imdoubtedly written originally Diupiter, so Janus was at first Dianus,

just as the goddess Diana was called by the rustics Jana. (See D and
I.) The argument might be strengthened by comparing the Latin

javyo with the Greek ^fvyvvfu, Jupiter with Z«u irortp, &c., and also

by referring to the modem Italian forms, GiogOj yiovarCf ytovciico,

giorane. &o. There is no absurdity in supposing that two pronuncia-

tions may have co-existed in the same country. As to the form of the

letter j, it was originally identical with that of i, and the distinction

between them is of recent date. Exactly in the same way, among the

numerals used in medical prescriptions, it is the practice to write the

last symbol for unity with a longer stroke, rj rij, vilj.

' In the Spanish language j represents a guttural, and is now used
instead of x, which had the same power : thus Jeres rather than Xeres
is the name of the town which gives its title to the wine called by us

sherry. For the changes to which J is liable, see D, G, and I.

JACOBINS, is the name of a faction which exercised a great influence

on the events of the first French Revolution. This faction originated

in a political club formed at Versailles, about the time of the meeting
of the first National Assembly, and which was composed chiefly of

deputies from Brittany, who were most determined against the court

and the old monarchy, and some also from the South of France,

among whom was Mirabeau. When the National Assembly removed
its sittings to Paris (October 19, 178U), the Breton club followed it,

and soon after established its meetings in the lately suppressed con-

vent of the Jacobins, or Dominican monks, in the Rue St. Uonord.
From this circumstance the club and the powerful party which grew
from it acquired the name of Jacobins. During the year 1 7SU the

club iucrcawd its numbers by admitting many men known for violent

pinciplea, which tended not to the establishment of a constitutional

throne, but to the subversion of the monarchy. A schism broke out
between these and the original Jacobins, upon which Danton, Marat,

and other revolutionists seceded from the club, and fonued themselves

into s separate club called " Les Cordeliers," from their meetings being

held in a suppressed convent of Franciscan friars. [Dajtton, in Bioo.

Div.] The Cordeliers openly a<lvocate<l massacre, proscription, and con-

fiscation, as a means of establinhing the sovereignty of the people. In
1791 the Cordeliers reunitetl themselves with the Jacobin club, from
which they exi>clled the less fanatical members, such as Louis .Stanislas

Freron, Legendre, and others. From that time, and especially in the

following year 1792, the Jacobin club assumed the ascendancy over the

legislature ; the measures previously discussed and carried in the club

being forced upon the as.sembly by the votes of the numerous Jacobin
members, and by the out-door influence of the pikemen of the suburbs,

with whom the club was in close connection. The attack on the

Tuileries, in August, 1792, the massacres of the following September,
the suppression of royalty, and most of the measures of the reign of

terror, originated with the club of the Jacobins. [RobesI'IKRHK, in

BlOQ. Div.] The club had af&liations all over France. After the fall

of Robespierre in July, 1794, the convention passed a resolution for-

bidding all popular assemblies from interfering with the deliberations

of the legi-slature. The Jacobins, however, having attempted an insur-

rection in November, 1794, in order to save one of their members.
Carrier, who had Vjeen condemned to death, for his atrocities at Nantes,

the convention ordered the club to be shut up ; and Legendre, one of

its former members, with an armed force dissolved the meeting, and
closed the hall. The spirit of the club, however, survived in its

nunterous adherents, and continued to struggle against the legislature

and the Executive Directory, until Bonaparte put an end to all factions,

and restored order in France. The name of Jacobin has since continued

to be used, though often improj)erly applied, like other party names,
to denote men of extreme democratical principles, who wish for the

subversion of monarchy and of all social distinctions, and are not
over-scrupulous about the means of eOecting their object.

JACQUARU APPARATUS. The Jacquard loom—or, more cor-

rcrtly, Jacquard appendage to the loom—is the most beautiful of all

contrivances connected with weaving. For a notice of the life of the

inventor, see Jacqcahd, in Bioo. Div.

The apparatus which cost Jacquard so much thought and anxiety is

an appendage to the loom, intended to elevate or depress the warp-
tbreads for the reception of the shuttle. There is a hollow prismatio

box, whose surfaces ore pierced with a great number of holes ; and to

each'face of the box is fitted a eaid also perforated ; or rather, there

are for each particular pattern to be woven a large number of cards,

all of equal size, and equal in size to each face of the box. The perfo-

rations in the cards, where they occur, are correspondent in position

with some of the holes in the box ; but in almost every card tlie holes

are fewer in number than those on each face of the box. All the cards

are linked together by hinges or joints, in such a manner that, as the

box rotates on a horizontal axis, the cards in succession lie flat on its

several faces. The cards for one pattern may be several hundreds

in number, and all form an endle.ss chain. The box may have four,

five, or more faces, according to circumstances. The principle of action

maybe explained thus:—Supposing each face to have 100 perfora-

tions, then there are 100 small bars or needles ranged in a group
in exactly the same order as the holes in the faces of the box, the ends

of the bars being immediately opposite the holes. Each bar or needle

is a lever by which certain warp-threads are governed, in such a way
that, when the bars are moved longitudinally, the warp-threads become
elevated or depressed. Now if the box have a reciprocating motion, so

that one of its faces shall strike against the ends of the bars, the ends

of all the bars will pass into the holes in the box, if the face be not

covered with a card ; but -if it be so covered, some of the bars will pass

through the holes of the card into the holes in the box, while others,

at the unperforated parts of the card, will be driven aside. Thus the

bars become unequally acted on, and they in their turn act unequally

on the warp-threads, depressing some, raising others, and leaving the

remainder stationary ; and the cards are so perforated as to lead to the

production of a p;ittern from this inequality of action. The mode in

which the cards Ue on the box may be seen in the annexed cut, which

•^J?

represents a form of the Jacquard apparatus employed in the bobbin-
net machine.
The Jacquard apparatus was first intended for and applied to silk-

weaving, but it has been found applicable to the bobbin-net and various

other fancy manufactures. Its characteristic value has been thus stated

by Mr. Porter :
" The elaborate specimens of brocade which used to be

brought forward as evidence of skilfulness on the part of the Spitalfields

weavers of foi-mer days, were produced by only the most skilful among
the craft, who bestowed upon their performances the most painful

amount of labour. The most beautiful products of the loom in the

present day are, however, accomplished by men possessing only the

ordinary rate of skill ; while the labour attendant upon the actual

weaving is but little more than thai demanded for making the plainest

goods."
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hM » M|i*>»to mwl] order to aaoh floor, or horiionUl diviiian o( «

llK*da •!»*• Um ground floor, muck of it u a«(»fv, tl)*i ii, without

ealuDUu; tb* windows mkI raho b«ing tho ohi«f (wturea of the

eonpoatioa. Mid either full entablature or a bold, rich, uicl carefully

proportioned oomiciuou cruvning the entire nutat. This Urge and
(iiDple mode of treatment «-» gmtly afl°ected by the Florentine and
Soman arohitecta of the period of the renval.

The example and influence of the revired Italian architecture waa
oon felt throughout Europe rRnranwaxcB Abchitictcbe], and the

Italian arohiteota were eTerywnere looked up to and followed aa the

great masters of the profeadon, until the arch«ologioal raaeuchea of

the last century, and particularly the examination of the arohitectuial

remains of ancient Oreeos, led to the desire for a closer imitation of

elaade, and espe<aally of Oreek forms : a fashion which has in its turn

gi*«n way before the Gothic rtHiction.

In our own country the Italian style was first introduced, with any
nvteoce to closeness of imitation, by Inigo Jones, and the Banqueting
House, Whituhall, may be referred to aa a &T0UFable ex:\inplu both of

the genius of the architect, and of the imitative Italian of the begin-

ning of the 1 7th century. One of the latest English examples, prior

to the eruption of the Greek furor, is Chambers's Somerset House

;

the court of the Strand portion of which is a good example of a late

modified Italian style, where an order is placed on a decorated base-

ment. In our own day the Italian style has been re-introdured with
rent though not unquestioned success. Sir Charles Barry, the first we
bdieTv to adopt it, baa applied it with great ability in several of his

more important domestic buililings. The TraveUent' and the Reform
dub-housea in Poll Hall, both by liim, will, with the adjoining Carlton
Club (by Mr. Sidney Smirke), afford the reader a good idea of Italian

architecture. All the three are copies, or adaptations, of celebrated

Italian buildings : The aatylar Travellers is an imitation of the Palizzo

Pandolnui, at Florence ; the Kefurm, a free adaptation of the Palazzo
Fameae, at Home ; the microstylor Carlton, a direct copy from Son-
sovino's famous Library of St. Mark, Venice. Several of the other
London club-houses ore Italian in style, and more or less direct copies

of existing ItaUan buildings.

ITCH, or as it Is termed by noeologist*, Scabies or Psora, is a disease

of the skin, of which the most prominent symptom is a constant and
intolerable itching. The eruption consists most commonly of minute
veaiclea filled with a clear watery fluid, and slightly elevated on small
pimples ; but its character is often obscured by a mixture of papttlas

and pustules with the vesicles. Hence the disease has been divided
into distinct species according to the predominance of each kind of

eruption ; but the distinction is artificial, and of no practical utility.

The eruption occurs principally on the hands and wrists, and in those
porta moat exposed to friction, as the spaces between the fingers and
the flexures of the joints. After a time it extends from these parts
to the arms, lega, and trunk ; but very rarely, if ever, appears on
the face.

The itch is attended by no constitutional disorder, except in those
aeverest forms in which the eruption consists chiefly of large pustules,

BUfTounded by considerable inflammation of the adjacent skin. It never
appaora to arise spontaneously : but, where cleanliness is not litrictly

onerrsd, it is easily communicated by contact. It is entirely due to

Um praaanoe of a minute aoarus under the skin known by the name
of Sarc«|p<ai seoMei. With the destruction of the insect the disease
diaappaan. [Aoabid.«, in Nat. Hist. Div.]
A certain speoiflo for the cure of the itch, which never gets well

without treatment, is the local application of sulphur ; all the parts on
irtiich the eru|ition is visible should be plentifully smeared with the
aa^aeaiam nUpkwrU every night, or every night and morning, till the
cure is perfected, which will require from three days to a fortni^it,
according to the severity and extent of the diaease. The ointment
must remain on the parts after each application, and occasional warm
baths onidat to be used during the treatment.
IVORY, the substance which oompoaea the teeth or tusks of

alapbanta, is extensively used in the arts for making or embellishing
Bumberlea small articfaa in almoat univaml use. The principal sup-
l^iaa of elaphanta' teeth to this country are derived from the west coast
«* Afrloa and from Ceylon. The remaining importa are chiefly from
the onaat of BarUuy, the Cape of Good Hope, Madagascar, and Siam.
The United States of America also ssnd to this country some of the
Ivory which thgr import ; and fcasil ivory occasionally reaches EngUnd
from Kussia. The demand bos much incresaed within the Ust few
nan, and the supply can acaroely keep up with it A great quantity
is now brought over by the Peninsular Company's steamets from Alex-
andria, sometimes as much as 20,000f. worth in one cargo. This
portion of the trade oonsists chiefly of wild elephants' tusks which have
bean shad in the deaerta of Arabia, and bought up by the Fkoha of

Egypt for sale ' •• -i-h buyers. Theteet! ' •-'- -f "h- ..i....i.n.,..

bippopotamu- and narwhal, all :

though the tjj' t Its elephant is tlia

name. The fossil mammoth, often foimil iu .Siberia, wu a kiuii uf

elephant ; and the ivory of the tusks is very similar to that of the

elephant of the present day. The Kussians almost wholly luoke use of

this kind of ivory. Some of the mammoth tusks are 10 feet long,

solid .to within < inches of the end, and weigh 168 lbs. Pianoforte

makers occasionally vuneer the white keys of those instruments with
mammoth ivory.

For purposes of manufacture ivory is cut up by means of saws set

in steel frames ; the saws are from 15 to 80 inches long, from li to

3 inches wide, and 1-SOth of an inch thick ; with the teeth sharp but

coarse. From the peculiar curves and twists of each tusk, great art is

required to cut up the ivory with least waste. Veneers are cut in a ratio

of 30 to an inch tbiukness of ivory ; and as the sawdust, together with the

scraping from after processes, effect a waste of one-half, it oft^Ti lii' i,..iia

that i!0 finished ivory veneers will be no more than an inch i

thickness. Thethinplatesare used chiefly for miniatures aim
nindum-books. The Kussians, some years ago, devised a iuo<le uf

cutting wood veneers out of solid blocks, by slicing it spirally from the

surface towards the centre, like unfolding a roll of cloth ; and II. Pape, a

pianoforte manufacturer at Paris, afterwards applied tliis method to

the cutting of ivory veneers. Ho can produce sheets ' "'"i'li; ISO

inches by 30; and witli such sheets he has veneered ; irfaoe

of pianofortes. Ivory forms a fine and deliuate lu r gra-

duated scales in mathematical instruments ; but it is liable to

expand and contract, under altem^ttions of weather, to an incon-

venient degree—insomuch that the Tithe Couiuiissiouere have refused

to ]iennit the use of ivory scales in laying down the areas and
boundaries of laud.

Ivor)-, after being cut with the saw, is smoothed and i>olLihed by
various means—such as very fine glass paper, or emery paper ; whiting
and water applied by wash leather ; oil on a bit of rag ;

putty powder

;

Flanders brick, Trent sand, or powdered chalk, wetted, and applied

with flannel or a brush ; or scraping and then rubbing on soft wheels.

The list wheels employed by ivory-workers consist of 10 to 20 circular

pieces of woollen cloth, screwed tightly between two wooden discs of

rather smaller diameter; the cloth forms a pliant edge projecting

beyond the wood ; such wheels when moistened with Trent sand, are

used for polishing parasol handles and similar articles. The chief

demand in England for ivory is for making knife-handles and combs.

Ivory is often engraved by the French artists. They first cover the

surface with a ground of wax or composition ; then etch the design in

this ground ; then bite it in by a dilute solution of nitrate of silver ; then
wash in disUlled water, dry with blotting-|iaper, and expose for one hour
to the sun's rays. When the ground has been removed by the action of

essence of turpentine, the de^gn presents itself as a series of brownish
lines, which soon become nearly black. The design may be developed

in other tints if, instead of nitrate of silver, there be used nitro-

muriate of gold or pktinum, or nitrate of copper. Sometimes the

ivory itself is engraved, and the lines filled in with hard black vomiish.

Another mode of ornamenting ivory is to engrave a design on a copper

pkte, take an impression on paper, transfer this impression to the

ivory, stop out the blank portions with guiacum vaniisli, submit the

ivory to the action of dilute acid, and then melt or wash oflT the

varnish ; there will result a tinted engraving on the surface of the

ivory.
,

Mr. Cheverton in 1850 patented a mode of making what he terms

artificial ivory. It consists in giving an ivory-like surface to gypsum or

alabaster. The ornaments or other articles made of this material are

exposed for forty-eight hours to a temperature of SCO* Fahr., by which
the moisture is driven otL They are then immersed till saturated in

olive oil or in white hard varnish ; and after being steeped several

times in warm water, they are pblished with whiting or putty powder,

by which tliey obtain an ivory-like surface. M. Fronchi has devised a
Bomcwhat similar mode of imitating ivory by pre|>aring a mixture of

32 parts plaster of Paris with 1 of Italian yellow ochre ; the materisis

are reduced to powder, sifted, mixed, liquefied with water, cast in

moulds, dried in the open air, baked in on oven, and soaked while hot

for a quarter of ao hi>ur in a hut mixture of oqual parts of spermaceti,

white wax, and stearine ; the cast is finally m-ushed while warm, and

polished with a tuft of cotton wool when cold.

The curious substance called vegetabit imty, is the seed of a genus of

plants named Phgteltphat, from phuton and dejihat, the Qreek version

uf its English name. An account of it, and of its uses, will be fomid

under Pbttelbphas, in Mat. Hist. Div.
IVOKV BLACK. [Bonk Black.]
IXULITE. A mineral hydrocarbon resembling harUtt.
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T in the English language, baa a sibilant sound, closely connected
" > with that of the syllable di before a vowel. [Alphabet.] Jt has

a umilar sound in the French tongue ; but in German it is pronounced
altogether aa our y before a vowel. What its pronunciation was in

Latin may admit of dispute, for although it is generally laid down that

its power with the Romans was the same as with the Germans, there

is reason for thinking thkt our own sound of the letter was not un-
known to the ancient inhabitants of Italy. The name of Jupiter was
undoubtedly written originally Diupiter, bo Janus was at first Dianus,
just as the goddei^a Diana was called by tlie rustics Jana. (See D and
I.) The argument might be strengthened by comparing the Latin
juiigo with the Greek ^iryvi/jui, Jupiter with Ztv worep, &c., and also

by referring t<7 the modem Italian forms, Giogo, ffiovare, yiotenco,

giorane. &o. There is no absurdity in supposing that two pronuncia-

tions may have co-existed in the same country. As to the form of the

letter j, it was originally identical with that of i, and the distinction

between them is of recent date. Exactly in the same way, among the
numerals used in medical prescriptions, it is the practice to wTite the
last symbol for unity with a longer stroke, rj vij, riij,

~ In the Spanish language j represents a guttural, and is now used
instead of x, which had the same power : thus Jeres rather than Xeres
is the name of the town which gives its title to the wine called by us
sherry. For the changes to which j is liable, see D, G, and I.

JACOBINS, is the name of a faction which exercised a great influence

on the events of the first French Revolution. This faction originated

in a political club formed at Versailles, about the time of the meeting
of the first National Assembly, and which wa.i composed chiefly of

deputies from Brittany, who were most determined against the court
and the old monarchy, and some also from the South of France,
among whom was Mirabeau. When the National Assembly removed
its siitings to Paris (October 19, 1789), the Breton club followed it,

and soon after established iU meetings in the lately suppressed con-

vent of the Jacobins, or Dominican monks, in the Rue St. Honord.
From this circumstance the club and the powerful party which grew
from it acquired the name of Jacobins. During the year 1 790 the
club increased its numbers by admitting many men known for violent

pinciples, which tended not to the establishment of a constitutional

throne, but to the subveraion of the monarchy. A schism broke out
between these and the original Jacobins, upon which Danton, Marat,
and other revolutionists seceded from the club, and formed themselves
into a separate club called " Les Cordeliers," from their meetings being
held in a suppressed convent of Franciscan friars. [Danto.v, in Bioa.

Div.] The Cordeliers openly atlvocated massacre, proscription, and con-

fiscation, as a means of establishing the sovereignty of the people. In
1791 the Cordeliers reunited themselves with the Jacobin club, from
which they expelled the less fanatical members, such aa Louis Stanislas

Frcron, Legendre, and others. From that time, and especially in the
following year 1792, the Jacobin club assumed the aacendiincy over the
legislature ; the measures previously discussed and carried in the club
being forced upon the assembly by the votes of the numerous Jacobin
members, and by the out-door mfluence of the pikemen of the suburbs,

with whom the club was in close connection. The attack on the
Tuileries, in August, 1792, the massacres of the following September,
the suppression of royalty, and most of the measures of the reign of

terror, originated with the club of the Jacobins. [RobesI'Ierre, in

Bioo. Div.] The club had affiliations all over France. After the fall

of Robespierre in July, 1794, the convention passed a resolution for-

bidding all popular assemblies from interfering with the deliberations

of the legislature. The Jacobins, however, having attempted an insur-

rection in November, 1794, in order to save one of their members.
Carrier, who tiad been condemned to death, for his atrocities at Nantes,

the convention ordered the club to be shut up ; and Legendre, one of

its former members, with an armeil force dissolved the meeting, and
closed the hall. The spirit of the club, however, survived in its

DUQterous adherents, and continued to struggle against the legislature

and the Executive Directory, until Bonaparte put an end to all factions,

and restored order in France. The name of Jacobin has since continued
to be used, though often improperly applied, like other party names,
to denote men of extreme democratical principles, who wish for the
subversion of monarchy and of all social distinctions, and are not
over-scrupulous about the means of eOeeting their object.

JACQUARD APPARATUS. The Jacquard loom—or, more cor-

rectly, Jacquard appendage to the loom—is the most beautitnl of all

contrivances connected with weaving. For a notice of the life of the
inventor, see Jaojcahd, in Biou. Div.

The appiratus which cost Jacquard so much thought and anxiety is

an appendage to the loom, intended to elevate or depress the warp-
threada for the reception of the shuttle. There is a hollow prismatic
box, whose mrfaces are pierced with a great number of holes; and to

each'face of the box is fitted a card also perforated ; or rather, there

are for each particular pattern to be woven a large nuiliber of cards,

all of equal size, and equal in size to each face of the box. The perfo-

rations in the cards, where they occur, are correspondent in position

with some of the holes in the box ; but in almost every card the holes

are fewer in number than those on each face of the box. All the cards

are linked together by hinges or joints, in such a manner that, as the

box rotates on a horizontal axis, the cards in succession lie flat on its

sevei-al faces. The cards for one pattern may be several hundreds
in number, and all form an endless chain. The box may have four,

five, or more faces, according to circumstances. The principle of action

maybe explained thus:—Supposing each face to have 100 perfora-

tions, then there are 100 small bars or needles ranged in a group
in exactly the same order as the holes in the faces of the box, the ends
of the bars being immediately opposite the holes. Each bar or needle

is a lever by which certain warp-threads are governed, in such a way
that, when the bars are moved longitudinally, the warp-threads become
elevated or depressed. Now if the box have a reciprocating motion, so

that one of its faces shall strike against the ends of the bars, the ends

of all the bars will pass into the holes in the box, if the face be not
covered with a csird ; but if it be so covered, some of the bars will pass

through the holes of the canl into the holes in the box, while others,

at the unperforated parts of the card, will be driven aside. Thus the

bars become unequally acted on, and they in their turn act unequally

on the warji-threads, depressing some, raising others, and leaving the

remainder stationary ; and the cards are so perforated as to lead to the

production of a jKittem from this inequality of action. The mode in

which the cards lie on the box may be seen in the annexed cut, which

•^3?

represents a form of the Jacquard apparatus employed in the bobbin-
net machine.
The Jacquard apparatus was first intended for and applied to silk-

weaving, but it has been found applicable to the bobbin-net and various
other fancy manufactures. Its characteristic value has been thus stated
by Mr. Porter :

" The elaborate specimens of brocade which used to be
brought forward aa evidence of skilfulness on the part of the Spitalfields

weavers of foi-mer days, were produced by only the most skilful among
the craft, who bestowed upon their performances the most painful

amount of labour. The most beautiful products of the loom in the
present day are, however, accomplished by men possessing only the
ordinary rato of skill ; while the labour attendant upon the actual

weaving is but little more than that demanded for making the plainest

goods."
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Sine* Xr. Porter wrota, the mcteniJom in the uw of the Jaoquard
wppwstui bare been numeroiu aod important ; and many cliansie* in

the mode of working have been gtsdually introduced. He«rs Lamb
of ffldilMTiilnetiir. in applying it to carpet wearing, have de%'iaed modes
of eosaring a greater certainty of action, and a £ininisbed liability to

diaanangenxnt. Mr. Mackenzie, a Spitalfields nLonufacturer, hoe

ubitituted a number 'of compound needles for tlio revolviiig bars.

Mr. Martin has devised a combination of perforatisd pattern pi^iers,

Tertioal needles, and presser bare, for selecting and acting upon a

erias of horixontal ro^, by means of which the warp threads of the

pattern am determined on. The old method involved a great wear
and tear of cardboard, which induced some of the carpet manufocturers

to substitute sheet iron. It has however since been found practicable

to use a continuous strip of paper instead of a series of ostxla linked

together. The strips can be rapidly cut from a previously ])erfornted

sheet of paper ; and any number of duplicates may be produced. It

required a long time to prepare the cards for a new i>attem, and ttuH

laaseoed the willingness to introduce novel designs, on accuuut of the

expense; but by lessening the cost and weight, through the intro-

duction of paper great scope is given for the duplay of artistic variety.

Messrs. Craasley, the eminent carpet numufacturere of Halifax, emjjoy
the Jaoquard apparatus very largely in weaving the richer designs of

carpet ; it is abio much used by Uie manufacturers of waistcoat &bric8

at Huddersfield.

Some ptogi eas has been made towards the application of electricity,

aa a moving power, to the Jaoquard apparatuA. If the attempts prove
suooaaaful, they will be noticed in W'EAVnfa.

JAOANATH. [JUOCEBNAUTH.I
JAINAS, a religious sect of the Hindus. The name is derived from

the Sanskrit jiua, " victorious," which is the generic name of the
deified saints of this sect.

The Jaiuas are very numerous in the southern and western provinces

of Hindustan; they are principally engaged in commerce, and from
their wealth and influence form a very important division of the popu-
lation of the country. The history and opinions of this sect ore also

interesting from their striking similarity to the chief peculiaiities of

the religion of Buddha. The earliest information concerning this sect

was nven in the 9th vol. of the ' Asiatic Kesearchee,' in an ' Account of

the Jains, collected from a priest of this sect, at Mudgeri, translated

for Major Mackenzie ; ' in ' Particulars of the Jains,' by Dr. Buchanan :

and in ' Observations of the sect of Jains,' by Colebrooke. Several

paiticalan concerning them are also given in Buchan:m'8 'Journey
from Madras through Mysore,' Ac. ; Wilks's ' Historical Sketch of the
South of India

;

' in the work of the Abbd du Bois ; and in Ward's
' View of the History, Literature, and Religion of the Hindus.' Infor-

mation still more im|x)rtant is given iu the Ist volume of the ' Trans-

actions of the Royal Asiatic Society,' by Colebrooke, ' On the Philosophy
of the Hindus

;

' by Major Delamoin, ' On the Srflwaks, or Jains
;

' by
Colebrooke, Dr. Hamilton, and Col. Franklin, ' On Iiucriptions iu Jain
Temples in Behar ;

' by Dr. Hamilton, ' On the SrAwaks, or Jains
;

' and
also in the 2nd volume of the Transactions, by Major Todd, ' On the
Religions Eftablishmenta in Mewar.' But the most complete account
of this sect is given by Prof. Wilson, in his ' Sketch of the Religious
Sects ti the Hindus.' (' As. Res.,' vol xvii.)

view of the literature of the Jainas is given by Wilson in his

'De«3lptive Catalogue of the M8S., &c.. of Col. Mackenzie,' vol. ii.,

pp. 144-162. The Joituis have their own Pur&nas and other reli^ous
works, whicii are principally devoted to the history of the Tortban-
karas, or deified teachers of the sect. The chief Purilnas are supposed
to have been written by Jina Sena AchArya, who was probably the
niritaal preceptor of Amoghaversha, king of K&nchI, at the end of

toe 9th century of the Christian era. They have also their own works
on astronomy, sstroloQr, medicine, the mathematical sciences, and the
form and dispoaitioD of the universe, of which a list is given in Wilson's
' Descriptive Catalogue.' " But the list there given is very for from
indnding the whole of Join literature, or even a considerable pro-
portioiL Tbe books there alluded to are in fact confined to Southern
India, sod are written in Sanskrit or the dialects of the peninsula

;

bat every province of Hindustan can produce Jain compositions, either
in Samkrit or its vernacular idiom ; whilitt many of the books, and
eapeoially thoae that mav be reganlnl as their Scriptural authorities,

are written in tbe Prakrit or Magadlii, a dialect which, with the Jains
OS well as the Buddhas, is considered to be tbe appropriate vehicle of
their sacred literature." (Wilson, 'As. Res.,' vol. xvii., pp. 242-3.)
Tbe Jainas are also said to have a number of works entitlol Siddiiantas

and Agsmaa,which are to them what the Vedaa are to the Brahmanical
HhidusL
The Jainas are ooiuidered by the Brahmans to form no part of the

Hindu Church. Tbe principal points of difference between them and
the Brahmanical Hindus are—Ist, a denial of tbe dinno origin of the
Vedas ; 2ndly, the worship of certain holy mortals wbo have acquired
by self-mortification and penance a power which renders thetn superior
to the gods ; and Srdly, extreme tenderness for animal life. These
doctrines and cortoms are essentially the same as those of the Bud-
ilhiata. Tbe Jainas do not entirely reject the gods of the Hindu
mythology; bat they oonaider them greatly inferior to the Jiiias, wbo
are tbe object of their religious adoration. Tlie statues of all or part

They are distinguished from each other in colour and stature : two
are r^preaented as red, two as white, two as blue, two as black, and the
rest as of a golden hue or yellowiah-brown. Of these Jinas the most
celebrated are P&rsvanitha and MahAvira, who alone can be regarded
as having any historical ezistenoe.

The origin of this sect has been a subject of much dispute. Some
have endeavoured to prove that Buddhism and Jinism are more ancient

than the Brahmanical religion ; but several arguments have already

been brought forward in another part of this work which render this

hy|>othesis exceedinj^y improbable. [Bcddbisu.] It has, on the con-
tnu^-. been maintained with greater probabihty, from tbe absence of

all allusion to Jinism in the ancient Brahmanical and Buddhistic works,
and from the comparatively late date of all inscriptions and monuments
relating to the Jainas which have yet been discovered, none being
earlier than tbe 9tb century, that the sect of the Jainas did not become
of any importance till the 8tb or 9th century of the Christian era. The
striking similarity between tbe Buddhists and Jainas renders it pro-

bable that they hod the same origin, and that Jinism is merely another
form of Buddhism,accommodated to the prejudices of the Brahmanioal
Hindus. In the southern provinces of Hindustan, where the Jainas
are the most numerous, the distinction of castes is preserved among
this sect ; but it appears probable, from many circumstances, that
originally they had no distinction of caste ; and even in tbe present
day, in the upper proNinces, the Jainas all profess to be of one caste,

namely, the Vaisyas, which is equivalent to their being of no caste at
all. The Jainas also allow Brahmans to officiate as the priests of their

temples. The period in which we have supposed Jinism to have first

risen into importance coresponds with the time in which tbe Buddhists
were finally expelled from Hindustan. (Wilson's 'Sanskrit Dictionary/
Ist edit., preface, pp. xv.-xx.) It therefore appears probable that those
BuddhistH who were allowed to remain adopted the opinions and prac-

tices of Jinism, which may previously have existed as an insignificant

division of the Buddhistic faith. In the Ilth and 12th centuries the
religion of the Jainas appears to have been more widely diffused than
at any other period. Many princes in the southern part of the penin-
sula embraced this faith ; but it gradually lost much of its power and
influence, in consequence of the rapid progress of the Yaishnavas and
Saivas.

The Jainas were anciently calletl Arhatas, and are divided into two
sects, of which the former is called Vivasanas, Muktavasanas, Muck-
tAmbarax, or Digambaras, in reference to the nakedness of this order

;

and the latter SwetAmbaras, " clad iu white," because the teachers of

this sect wear white garments. The former are the more ancient. In
the early philosophical writings of the Hindus, in which the Jainas are

mentioned, they are almost always called Digambaras, or Nognas,
" naked." The term Jaina rarely occure, and that of SwetAmbara still

more rarely. These two sects, though differing from each other in
very few points, oppose one another with the bitterest animosity.

The Jainas are also divided into Yatis and Sr&vakas, clerical and lay,

tho former of whom subsist u|>on the alms of the latter. The religious

ritual of the Jainas is very simple. The Tatis dispense with acts of

devotion at their pleasure ; and the Srflvakas are only bound to visit a
temple daily, where some of the images of the Jinos are erected, and
make a trifling offering of fruit and llowcrs, accompanied by a short
prayer. The Jaina temples are generally superior in size and beauty to

those which belong to the Brahmanical religion. [India, AuciiiTiiCTCiiE

OF.] Bishop Hebcr lias given an account of his visit to one of

these temples, from which strangers are usually excluded witli jealous

precautions. " The priest led us," ho says, " into a succession of six

small rooms, with an altar at the end of each, not unlike those in

Roman Catholic chapels, with a little niche on one side, resembluig
what in Buch churches they call the jntcina. In the centre of each
room was a large tray with rice and ghee strongly perfumed, apjui-

rciitly as an ofiering, and men seated on their heels on the floor, with
their hands folded as in prayer or religious cuuteniplation. Over each
of the altars was an altar-piece, a large bas-relief in marble, containing,

the first five, the lost in succession twenty-five figures, all of men
sitting cross-legged, one considerably larger than the rest, and repre-

sented as a negro. He, the priest said, wss their god ; tho rest were
the different bodies be had assumed at different epoolni, vihen he bad
l>ecome incarnate to instruct mankind. The doctrines he had delivere<l

on those occasions make up their theology ; and the progress whioh
any one has made in these mysteries entitles him to worship in one or

more of the successive apartments which were shown us." (' Journal,'

i., p. 292.)

The moral coda of the Jainas is expressed in five Mahdrratat, or

"great duties:" Ist, refraining from injury to life; 2nd, truth;
8rd, honesty; 4lh, chastity ; Sth, freedom from worldly desires. There
ore also four Dherauu, or " merits :

" liljcrality, gentleness, piety, and
penance.

JALAP is obtained from several plants of the tribe of the Contol-

vulaetfr, Tho l)e8t is procured from the A'j-fi<70HiM»a;'«r|7a (Bentham),
called also Ipomaa yvnja. It is a native of Mexico, growing high up in

the mountains. Jalap is chiefly shipped from Vera Cruz, and takes its

name from the town of \ala]>a, or Jolapa, in the interior. It is best

when collected in March or April, before the young shoots have begun
to be developed. The lanje root, which often weigha .lO pounds, is

of thest are in all thrir temples, sculptured in black or white maA>Ie. I divided into portions, whidi are hung in net* over a fire, and dried in
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ten or tnelre days. It occurs in commerce in irregular round or pear-

shaped masses, which, when good, are dry, hard, with a brown shining
fiticture, resinous, not light, somewhat tough. It is often adulterated

with portions of the root of white bryony, which, howerer, are white,

or when old, gray, not heaTy,very brittle, fracture not resinous, spongy,
without smell, but with very bitter taste. Dried pears are also often

substituted for it ; but they may be detected by being laid open, when
the core will be seen, containing the seeds. Analysed by Cadet de
Gassicourt, 100 parts of the dry root yielded resin 10, gimmiy extrac-

tive 44, woody fibre 29, starch, albumen, salts of lime, and potass, &c.
According to the more recent analysts of Guibourt, some specimens
yield 17 per cent, of resin : false rose-scented jalap as little as 3 per
cent. Jalapina, or rhodeoretia, is an alkaloid discovered by Mr. Hume.
It is a transparent, colourless, odourless, tasteless resin. These
quaUties recommend it to children, for whose complaints it is extremely
well suitetl.

Ipomaa turhtlham yields the jalap of the East Indies. But there is

scarcely a single species of this genus that does not yield more or leas

of a purgative principle, and generally called jalap. These, and nearly
all substitutes for the genuine jalap, are enumerated by Dr. Theodor
Martins, in his ' Pharmakognosie des Pflanzenreiches,' Erlangen, 1832.
The so-called twigs (stipites) of jalap, are reaUy the roots or tubers of

Ipomaa orizaientu (Ledanois), Convolrulus orizahemi) of Pelletan.

Ipomaa halaUndes, Benth., ' Bot. Register,' January, 1841. It yields

the inferior, light, or male jalap, and contains an alkaloid called

Pararhodeoretia.

Its excellence depends upon the quantity of resin ; a white jaUp
(from C. Mechoacanna) is sometimes met with, which contains only
2 per cent of resin ; its dose mvst be five or six times as great as that
of the genuine jalap.

Jalap is rangetl with the drastic purgatives, and where one of a
resinous kiml is desired, is that usually selected. Its action is gene-
rally certain, and when in combination with other substances, mild and
speedy. It does not seem greatly to infiuence the nerves of the abdo-
men, but rather the vascular system of the pelvis and lymphatic
system of the intestines. It is given in obstruction of the liver, vena-
porttt, and diseases connected with these organs, such as hypochondriasis,
melancholia, jaundice, dropsy, and intermittent fevers; but at the
commencement of common fevers, along with calomel, it is of great
utility ; also in the inflammatory or turgescent stage of hydrocephalus,
and in the treatment of worm cases.

JALAPIC ACID (C„H5,0„ ?). An uncrystaUisable acid produced
by the metamorphosis of jalapin under the influence of alkalies. It is

homologous with convolvulic acid.

JALAPIN. [CONVOLVCLIX.]
JALAPINOL {C„H„0, ?). A crystalline substance insoluble in

cold water, produced by the action of boiling dilute acids upon jalapin
and jalapic add. Treated with caustic alkalies it fonoa jatapinolic acid
(C„H,„0.?)
JALAPIKOLIC ACID. [JAtAPixoL.]
JALLOFFS, or YALLOFFS, a negro tribe who occupy a consider-

able tract of country between the rivers Senegal and Gambia. They
are considered as the finest race of negroes in this part of Africa

;

they are tall and well made, their features are regular, and their phy-
siognomy open. Though bordering on the Foolahs and Mandingos,
they differ from both, not only in language, but in features. The noses
of the Jallofis are not so much deprrased nor the lips so protuberant
as among the generality of Africans, but their skin is of the deepest
biack. They are chiefly employed in agriculture, and have made some
progren in the useful arts, especially in the manufacture of cotton
cloth, which they make better than any of the neighbouring tribes.

They are divided into several independent states, or kingdoms, which
are frequently at war either with their neighbours or with each other.

JAMAICINE is found with Surinamine in the Geoffrira inermit and
0. Surinamerm. They are crystallisable alkaloids, capable of forming
alts with the acids, which are precipitated by tannin and corrosive
sublimate.

JANIZARIES is the name of a Turkish militia once formidable but
now extinct. The origin of this body dates from the reign of Amu-
rath, or Murad I., who, after having overrun Albania, Bosnia, Servia,

and Bulgaria, claimed the fifth part of the captives, from among whom
he chose the young and able-bodied, and had them educated in the
Mohammedan religion, and for the military profession. These recruits,

beingwluly disciplined, were formed into a distinct body of infantry,

divided into ortas, or battalions, and they were consecrated and blessed
by a celebrated dervish called Hadji Bektaeb, who gave them the n-aiao

of Yeni Cheri, or " New Soldiers." They soon became the terror of the
enemies of the Ottomans : being completely weaned from their friends

and homes, they were enthusiastically devoted to their sultan as their
common father ; and a strict discipline, regular pay, and constant
service gave them habits of order and obedience far superior to the
irregular bodies which formed at the time the armies of the princes of

Christendom. After the death of Solyman the Magnificent, and the
general though gradual decay of the Ottoman warlike spirit, when the
sultans no longer took the field in person, the Janizary body was no
longer rtcruitcd exclusively from choice and young captives, but by
enrolments of Osmanlces, who being bom and bred in the faith of

Islam, had not the zeal of proselytes, and wore besides connected by
ARTS AMD sex DIV, VOI™ IV.

ties of consanguinity and fi-iendship with the body of the people around
them, and not exclusively devoted to the will of the sultan. In 1680
Mohammed IV. abolished the law by which the Christian rayahs, or

subjects of the Porte, were obliged to give a portion of their children

to the sultan to be educated in the Mohammedan faith and enrolled

into the militia. By the original laws of their body the Janizaries

could not marry, but by degrees the prohibition was evaded, and at

last totally disregarded. Their children's names were then inscribed on
the rolls of their respective orta.s ; and their relations and friends, men
often unfit for any warlike service, obtained a similar honour, which
gave them certain privileges and protection from the capricious oppres-

sion of their rulers. In this manner a crowd of menials, low artisans,

and vagabonds, came to be included in the body of Janizaries ; even
rayahs and Jews pm'chased for money the same privilege ; but all this

motley crew lived out of the barracks, where only a few in time of

peace were present at the appointed hours for receiving their soups or

rations. Military exercises were abandoned ; the Janizaries merely

furnished a few guards and patroles for the city, many of them being

only armed with sticks ; and they never assembled ^s a body except on
pay-day, when they defiled two by two before their nazirs, or in-

spectors. Still they were formidable to the government from their

numbers, which were scattered all over the empire, and their influence

and connections with the mob of the capital. They repeatedly muti-

nied against the sultans, and obliged them to change their ministers, or

even deposed them. In our own days they dethroned Selira ; and in the

beginning of the reign of the late Sultan Mahmood they broke out

into a dreadful insurrection which lasted three days, and in which the

Vizir Mustapha Bairactar lost his life. In both instances they were
impelled by their hatred of the Nizam Djedid, or new troops, dis-

ciplined after the European fashion. At last Mahmood resolved to

put down the Janizaries ; and having for several years matured his

plan with the advice of his favourite Halet Efiendi, and gained over

their aga and others of their principal officers, he issued an order that

every orta or division should furnish 150 men to be diilled according

to the European tactics. This, as he had foreseen, led to a revolt ; the

Janizaries assembled in the square of the Etmaidan, reversed their

soup-kettles according to their custom in such cases, and, invoking the

name of their tutelary saint Hadji Bektash, they began by attacking and
plundering the bouses of their enemies. But the body of topjis, or

cannoniers, thebostandjis, or guards of the seraglio, and the galiondjis,

or marines, were prepared; the sultan, mufti, and the ulemas, assem-

bled in the mosque of Achmet, pronounced a curse and a sentence of

eternal dissolution on the body of the Janizaries ; the sandjak shereef,

or sacred standard, was unfurled, and a general attack on the Janizaries

began, who, cooped up in the narrow streets, were mowed down by
grape-shot, and the rest were despatched by the muskets and the yata-

ghans of their enemies, or burned in their barracks. About 25,000

Janizaries are said to have been engaged in the actual revolt, and most
of them perished ; the others concealed themselves or were exiled

into Asia. This carnage took place in June, 1825, and from that time

the Janizaries as a body have ceased to exist. Macfarlane, in his

'Constantinople in 1828,' gives a vivid account of that catastrophe.

JANSENI.STS, a sect which appeared in the Roman Catholic church
about the middle of the 17th cent'iry. They professed not to attack

the dogmas but only the discipline of that church, which however
stigmatised them as heretical in some of their tenets. They took

their name from Janssen, or Jansenius, bishop of Ypres in the

Netherlands, who published a book entitled ' Augustinus,' in which he

supported, by means of passages from the writings of St. Augvistine,

certain principles concerning the nature and efficacy of divine grace

which appear to partake greatly of Calvin's doctrine of predestination.

This question of grace and predestination had already been discussed

in the chiu-ch at various times, and had proved a stumbling-block to

many theologians. Michael Baius, professor at Louvain, had been con-

demned in 1567 by a papal bull, and obliged to disown seventy-six

propositions taken from his ^vritings, chiefly concerning that abstruse

subject. Jansenius however died quietly at Ypres in 1638, and it was
not till several years after his death that some Jesuit theologians, on
examining his book, discovered in it the following five propositions,

which they denounced as heretical:—1. That there are certain com-

mandments of God which even righteous men, however desirous, find

it impossible to obey, because they have not yet received a sufficient

measm-e of grace to render obedience possible. 2. That nobody can

resist the influence of inward grace. 3. In our fallen state of nature

it is not required, in order that we be accounted responsible beings,

that we should be free from the internal necessity of acting, provided

we are free from external constraint. 4. The Semi-Pelagians were

heretical in maintaining that the human will has the choice of re-

sisting or obeying the intern.d grace. 5. That to maintain that Christ

died for all men, and not solely for those who are predestinated, is

Semi-Pelagianism.

After much controversy, these five propositions were condemned by
a bull of Pope Innocent X., in the year 1653, as impious and blasphe-

mous, and the bull was received by the B'rench prelates, and promul-

gated throughout France with the king's consent. Several learned

men, who disliked the Jesuits and their latitudinarian system of

ethics, wrote not to defend the five propositions, but to prove that

these propositions did not exist in the book of Jansenius, at least not in

3t
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thaaaoMfoririiiohUMyinreooiidaiiUMd The Jaaoita ngkin *iipe»led

to the pope, and a oonoaa queitioa Mtiee for the pooe, which was, to

deteraiiie the exact meaning of an author who wai dead. Alexander
VU. howerer, by a new b^, in 1666, again oondemned Janaeniiu'i

book as eoDtaiiiing the fire propoeitiona in the lenie aacribed to them
by the former bull Amauld and other learned men of Port-Koyal

perai«t«d in denving this assumed meaning ; and thus they, and all

thoM who thought like them, reoeired the appellation of Jansenists.

A formulary was now drawn out conformable to the papal bull, which
all enoleaiaatical petaons in Fnince were required to sign, on pain of

being auiqieoded from their functions and offices. A. great many
lefosad,tad this occasioned a schism in the French church, which lasted

many yean. Amauld, Pascal, Kicole, and other reputed JansenUta
attadced vehemently tlie corruption, discipline, and morality of the

church, and the Jesuits as supporters of that relaxation. [Pascal,
in Btoo. Drv.] They also incidcated the necessity of mental rather

than outward or ceremonial devotion ; they promoted the knowledge
of the Scriptures among the people, and they encouraged general

education by numerous good works which came from the press of

Port-Royal. Meantime the controversy with Rome continued, although
Clement IS., in 1668, entered into a sort of compromise with Uie

Fk-eoch non^ubscribing clergy, and Innocent XI. behaved with still

neater moderation towards them. But Father Quesnel's ' Moral
OfaaerTations on the New Testament,' published in 1698, added fuel to

the 6ame. Quesnel, being now considered at the head of the Janse-

nist party, was driven into exile ; Louis XIV., urged by his Jesuit

confessor, suppressed the monastery of Port-Royal in 1709 ; and Pope
Clement XI., in 1718, fulminated the bull ' Unigenitus ' against 101
propositions of Father Quesnel's work. [Clement XI. in Bioa. Div.]

A freah contention now arose ; a great part of the French clergy, many
of whom were not Jansenists, including Cardinal de Noailles, appealed
from the bull of the pope to a general council The Regent d'Orldaus

however insisted on unconditional submission to the bull, and the
recusants, or "appellants," were persecuted and driven into exile.

This persecution made many fanatics, and Jansenism became a name
for a set of visionaries and impostors. A certain Abb^ Paris, who bad
been one of the appellants, and had died in 1727, was said to perform
miracles from his tomb. For an investigation of these pretended
miracles, see Bishop Douglas's ' Criterion, or Miracles Ebcamined.'

Next came a set of men called Convulsionnaires, who were seized with
qiaams and ecstasies ; and others who were styled Flagellants, who
whipped themselves in honour of the Saint Abb^ Paris. This frenzy
lasted for years, and the government by harsh measures only increased

it; in fact it became mixed up with political discontent, and the
parliament of Paris took the part of the appellants. At last the
paroxysm subdded, having had the effect of discrediting the name of

Jansenism, which, as a sect, never afterwards reviv^, though its

opinions are still held by many. As the original Jansenists maintained
the absolute independence of the civil power on ecclesiastical authority,

and as even in ecclesiastical matters Uiey were not favourable to the
aopremacy of the Roman see, their principles had the effect of inducing
many of the French clergy to take the oath to the constitution of 1 791

;

these were called "prfitres inserment^,' and were considered as

schismatics by the see of Rome. The Jansenist principles extended to

Italy, especially to Tuscany, where bishop Ricci and his partisans also

effected a temporary schism.

JANUARY, the first month in our present Calendar, was also the
first month in the Roman Calendar. It was not the first month of the
year in this country till 1752, when the legislature, by an act ]>a«»ed

In the preceding year, altered the mode of reckoning time from the
Julian to the Oregorian style. At this time it wasdjrected that the
legal year, which then commenced in some parts of this country in
March, and in others in January, should universally be deemed to
begin on the first of January. January derives its name from Janus.
Macrobius expressly says it was dedicated to him because from its

situation, it might be considered to be retrospective to the past, and
proepective to the opening year. It consists of thirty-one days, though
originally of only thirty days. The Anglo-Saxons called January
Wiy-moiuiiA.

JANUS, one of the most ancient and highest of the Roman deities.
In mythological history, Janus is the earliest of the Italian kings, and
reisned in Latium, being ooutcmiiorary with Saturn. He was succeeded
by Picus and Faunus, who as well as himself, were worshipped by the
Ivtmacans and Romans. Janus, by some accounts, was the son of the
on, and his attributes appear to connect him with sun-worship. He
is the porter

_
of heaven : he opens the year, the first month being

named after him ; ho presides over the seasons, whence he is sometimes
npresented with four heads (Janus Quadrifrons), and his temples in
that capacity were built with four Ajual sides, but only one entrance.
Be presides overproduction. He is the keeper of earth, sea, and sky;
the guardian deity of gates, on which account he U commonly repre-
seated with two faces, because every door looks two ways ; and thus
he, the heavenly porter, can watch the eirt and west at once \jithout
turning. (Ovid, ' Fast.,' i. 140.) He usuaDy carries a key in his left
hand and a staff in the other. (lb., 99.) His temples at Rome were
numerous. In war time the gates of the principal one, that of Janus
Uuiriuus, were always open ; In peace they were closed to retain the
wars within (lb., 124); but they were shut once only between the

reign of Nunia and that of Augustus. In refarenoe to this attr" '

he nas the epithets of Clusius and Patuleius, the shutter and

All his attributes, numerous and complicated as they are, api -.

have reference to this notion of opening and shutting, and are explained,

by those who see in Janus a modification of the sun, in reference to

the phenomena of day and lU^t, and the pervading vivifying influence

of the solar rays; though, as hu been implied, the ancients also connected

his name with /OMui, a door. As to the probable origin of the word
Janus, see the attieles Artbmis, and the letter J.

JAPANNING, is the art of producing a highly varnished HurfacM

on wood, metal, or other hard substance, sometimes of one colon:

but more commonly figured and ornamented. The process has i't'< i I

its name from that of the islands of Japan, whence articles so varuiKhotl

were first brought to Europe ; though the manufacture is also exten-

sively practised by the Chinese, Siamese, Birmese, and other nations

of the extreme east of Asia, among whom it was suggested most pro-

bably by the possession of a tree, which affords withlittle preparation

a b«)utiful varnish, exceedingly well adapted for the purpose, and
which hardens better than those prepared in Europe.

The appearance of japanned work is as various as the taste and fancy

of the artists employed in it. Sometimes it is a plain bhusk or red,

with a gilded or painted border ; or it is an inutation of marble, of fme
grained or rare wood, or of tortoiseshell ; sometimes a drawing, . in

which high finish, brilliant colour, and showy jxittems are more sought
than good design ; and occasionally fine copperplate engravings are

applied to a japanned surface. In tJl cases the work is highly poUshed
and varnished. Japaimiug is applied to ladies' work-boxes and work-
tables, toilet-boxes, cabinets, tea-caddies, fire-screens, tea-trays, bread-

baskets, snuffers and trays, candlesticks, and a variety of other articles.

A good deal of common wood-pointing is also called japanning ; but
this differs from the more ordinary painter's work in little else than
in using turpentine instead of oil to mix the colours with. Beilstea<U,

dressing-tables, wash-hand-stands, bed-room chairs, and similar articles

of furniture are painted in this way.
Three processes are luually required in japanning ; laying the ground,

painting, and finishing. In addition to these processes, whenever the
matter to be japanned is not sufficiently smooth to receive the varnish,

or when it is too soft or coarse, it is sometimes prepared or primed
before any of the proper japanning processes are api)Ucd. The pre-

paratory mixture or priming is composed of size and chalk ; it is put
on with a brush Uke paint, and when perfectly dry it is brought to an
even surface by rubbing with rush, and is then smoothed by a wet
rag. The best japaimers, however, disapprove of the use of priming,
because its brittieness is very detrimental to the firmness of the
varnishes laid over it ; they use no substances which are of themselves
unfit for receiving a varnish, or which they are unuble to bring to a
sufficiently smooth surface. For wood hard and fine enough to receive
a varnish without priming, and for metals, paper, and leather, the only
pre])aration necessary is a coat or two of ^•amiBh. In all these pro-
cesses it is a rule to allow a day or two to intervene after every o])ora-

tion, that the work may be thoroughly dry.

When the work has been prepared, the ground is laid on ; this is
either all of one colour, or marbled, or done in imitation of tortoise-
shell. The grounds are the ordinary pigments mixed with varnish,
laid on smoothly with a brush : when thoroughly dry they are var-
nished, and afterwards polished by rubbing with a rag aud tripoli or
rotten stone ; and, if the ground be white, with putty or staa-ch and
oiL The varnish used is either copal, seetl lac, or made of the gums
anirai and mastic. The mode of laying the grounds varies greatly.
That-which is now generally followed is to lay on one or two thick
coats of colour mixed with varnish, then to varnish three or foiu- times,
and afterwards to dry the work thoroughly in a stove. The colours
are flake-white or white-lead, Prussian-blue, vermilion, Indian-red,
king's-yellow, verdigris, and lamp-black ; intermediate tints are made
by mixtures of these ; and an imitation of tortoiseshell is produced by
vermilion and a varnish of linseed-oil and umber. When a particularly
gorgeous appearance is desired, the ground may be laid entirely in
gold. This is produced by going over the work with japanner's gold
size, which, when dry enough to bear touching with the finger, but
still soft and clammy, is covered with gold-dust, applied on a piece of
soft wash-leather. Any other metallic dust may bo laid on in the
same way. Many receipts are given for preparing the japanner's gold
size, but nearly oil agree in making linseed-oil and gum animi the basis
of the composition. A curious and very striking mode of laying the
ground, called the i/ip, was formerly much practise<l. It was done by
dropping small quantities of coloured varnish in a trough of water
over the surface of which it immediately spread in curious and often
beautiful ramifications ; into those the article was dipped ; the colour
was thus transferred to the work, aud when dried was varnished and
polished in the usual manner.
The work when thoroughly dry will now be ready for painting.

Showiness and brilliancy are chiefly sought for in japanning, and
bright colours with gold and bronze dust are largely cniplnyod. The
colours ,ire tempered with oil or varnish, and the mctillic ])owderH
laid on with gold size. Copper-plate engravings or wood-cuts may also
be executed in japan work. In this process the engraving is first
printed off uiwn fine paper which has been previou-sly prepared by a
thick coat of isinglass or gum water. When the print is perfectly dry.
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it is applied with its face downwards upon the japan ground covered

with a thin coat of copal varnish ; the paper is then moistened on the

back with a sponge dipped in warm water, which in a few minutes

dissolves the isinglass or gum, and the paper which is thus loosened is

gently taken away, leaving the impression on the work. Indian ink or

other drawings upon paper may be transferred to the japanned ground
in the same way. A more expeditious and very effectual mode of

transferring an engraving is to print upon a smooth thick layer of a

composition of glue, treacle, and whiting, which will receive an impres-

sion as perfectly as a sheet of paper : the composition, which is elastic

and very Bexible, may be immediately laid down upon the japanned
surface, which will thus receive nearly as good an impression as if it

could have been itself applied to the engraving.

In whatever manner the work has been painted or printed, or if all

addition to the plain colour of the ground has been dispensed with,

nothing now remains but the finishing. This is a very simple process.

The workman chooses one of the before-named varnishes, and passes it

over the work with a brush several times, until he judges the coating

thick enough to bear the polish. It is an important precaution not to

begin the varnishing until the preceding work is thoroughly dry, and
to dry perfectly each coat before laying on a succeeding one. A hot

stove is used in the best establishments to aid in drying the work.

When thick enough, the varnish is polished by rubbing it with a rag

dipped in finely-powdered tripoli or rotten-stone ; towards the end of

the operation a little oil is also applied to the rag, and the work is

completed by rubbing with oil alone, to clear off the powder or any
other impurity.

A peculiar species of japan- work is described under Burmese Ware.
Japanning, as understood in the Birmingham and Wolverhampton

district, is chiefly applied to the coating of sheet iron-trays, saucepans,

and other articles, with black varnish or japan. It is carried on to an
immense extent, and is largely executed by women and children. A
more delicate variety of the art, also centered in Birmingham, will be
found noticed under Papier Macue.
JAPONIC ACID. [Tannic Acids.]

JASHER, BOOK OF ntP^n "195), or 'the book of the upright," is

twice referred to in the Old Testament as a work of authority. (Josh.

X. 13; 2 Sam. i. 18.) Many conjectures have been formed concerning
the author and contents of this book; but we have no means of

arriving at any satisfactory determination on the subject, since the
work appears to have been lost before the time of the Babylonish
captivity. Some critics have imagined it to be the same work as the
book of Judges, which is evidently incorrect from the quotation in the
book of Samuel ; St. Jerome and some Jewish authors that it was the
book of Genesis ; others, as Bishop Lowth and Gesenius, have main-
tained that it was a collection of Dational sougs.

In the year 1751, a printer of the name of Ilive published a pre-

tended translation of the book of Jasher, which was said to have been
translated from the original Hebrew by Alcuin of Britain. This work
was republished at Bristol in 1829. An interesting account, and an
elaborate exposure of this Uterary forgery is given in Ffome's ' Intro-

duction to the Scriptures.' There are also two Kabbinical books of

Jasher ; one is a ' Treatise on the Jewish Laws,' written by Rabbi
Ilam in the 13th century, and priutcd at Cracow in 1617; the other,

pretends to be an explanation of the Pentateuch and Joshua, of which
It is so much a mere repetition as to excite suspicion of its genuineness.

The original, it is stated, was found at the time of the destruction of

the Temple by Titus ; it was preserved at Seville, and wiis printed in

Hebrew at Venice in 1613. It has since been translated, and published

by Mr. Noak, in New York ; and the translator maintains that this is

the book referred to in Joshua and in Samuel. Dr. S. P. Tregelles, in

his edition of Home's ' Introduction to the Scriptures,' (1856), says, " in

character it ranks below most apocryphal books and similar forgerie.<«."

Dr. W. J. Donaldson published in 1855 a book entitled ' Jashar Frag-

menta Ai-chetypa Carminum Uebraicorum in Masorethico Veteris Testa-

menti textu passim teesellata. CoUegit, ordinavit, restituit, in unum
corpus red^t, Latine exhibuit, Commentario instruxit.' In this work
he endeaTOurs to prove that the books of the Old Testament were none
of them written before the time of Solomon, and then only as frag-

ments, which he thinks formed the book of Jasher, or of the Upright

;

and that these fragments were subsequently wo^rked up into the shape

of the existing books, at least as far as the Psalms. This theory be
suppcnrts by selecting certain passages, which he styles "the very

marrow of divine truth," and considers them as the genuine fragments

referred to in the passages in Joshua and in Samuel. It is scarcely

neoeasary to give references to the passages bo selected, but the work
was printed at Berlin in Hebrew and Latin. To this, in 1855, the

Rev. J. J. S. Perowne published a reply—' Remarks on Dr. Donaldson's

Book, entitlcl Jashar
;

' in which he ]x>ints out the unsatisfactory base

of such a theory, founded on an arbitrary selection of passages " culled

by editorial skill out of the midst of works already existing as a whole,

ptiblished as a whole, and bearing internal evidences of order and
unity of design." They extend from) Genesis i., of which two_ verses

are selected, to the dedication of the temple, Fsajm Ixviii.

JASON. [Argonauts.]
JAUNDICE (from jauitf, yellow) is the name given to those

diseases in which the excretion of the bile being prevente<l, it is

retained in the blood, or re-absorbed, and being diffused throughout
the system, gives a yellow colour to the skin, and all the other tissues

and secretions.

The name is however very indefinite, because the cases in which the
separation of the bile is prevented are various. Everytiiing, for

example, which obstructs the main tnmk of the bile-ducts, as gall-

stones [Calculus, Biliary], or other foreign bodies filling its canal,

certain morbid alterations of the liver or duodenum, or of the duct
itself, tumours and enlargements of adjacent organs, will alike

mechanically produce jaundice, though their other symptoms differ

widely. Again, it is often a symptom of inflammation of the liver, as

especially in yellt>w fever, and of inflammation of the duodenum. But
the most frequent cases are those which do not appear to be the con-

sequence of any organic disease, but are accompanied by the symptoms
of general disorder of the digestive organs, as nausea or vomiting,
thirst, and loss of appetite, confined or irregular condition of the
bowels, headache, and general uneasiness. These cases generally come
on suddenly, as a sequel of common diarrhoea, or in the dyspeptic and
those of a sedentai-y habit, or whose bowels have been long inactive.

It is often difficult to say what prevents the excretion of the bile

;

sometimes it is separated from the blood in too viscid a form ; some-
times mucus appears to obstruct the duct ; in many cases there is

probably spasm of the duct, as in those which occur after violent fits

of anger or othei^uental affection ; and in some a larger quantity of

bile appears to be formed than can be conveyed away with propor-

tionate rapidity.

It is impossible that any one mode of treatment should be adopted
for a symptom depending on such varied causes. AVhere the obstruc-

tion is mechanical, the jaundice is of course curable only by the
removal of its evident cause ; and in inflammation of the liver it is but
a symptom of a more important disease, to which the treatment must
be directed. In the more common cases, which, as distinguished from
these, are sometimes called functional, the treatment should consist

chiefly of small doses of mercury, and active purgatives containing the

neutral salts. Wai-m baths and opium should be used, if there be any
spasmodic pain of the right side ; and leeches, if any inflammatoi-y pain

or tenderness be felt. A mild diet and the avoidance of all stimulant

drinks or food should be carefully enjoined.

JERVINE (C^H.^N^O, -(- 4 aq.). Jervina, a vegetable alkaloid

found with veratrine, colchicine, and sabadiline in white hellebore root.

It is white and crystalline, and melts when heated into an oleaginous

liquid ; at a higher temperature it takes fire, and bums with a sooty

flame, without any residue. It is nearly insoluble in water,.but dissolves

in alcohol.

Its compoimds with hydrochloric, sulphuric, and nitric acids, are but
slightly soluble in water and acids ; the acetate dissolves readily in

water ; ammonia decomposes the solution and occasions a bulky preci-

pitate of jervine.

JESUITS; SOCI'ETAS JESU. [Loyola, in Biog. Dry.]
JETSAM. [Flotsam]
JEWELLERY ; JEWELLING. It may be desirable to explain

briefly the sense in which the words jemdlenj and jewelling are under-
stood, as manufacturing terms.

JcwcUery.—A jewel is a gem or precious stone, such as the diamond,
sapphire, niby, &c. The cutting of these gems, to give them a par-

ticular contour as well as reflecting facets, is the art of the lapidary,

who works with very small sharp-edged wheels ; the wheels are made
to rotate rapidly ; and their edges are touched with the powder of

some substance harder than that which is to be worked upon ; the
gem is thus ground away rather than cut—although it is sometimes
severed into portions by a process midway between cutting and slitting.

The different gems themselves are described under their proper names,
as objects of mineralogy, in the Natural History Division of this

Cyclopedia ; the mode of cutting will be sufficiently understood by
reference to many of those articles, to Cameo and Emery, and to the

latter portion of the present article ; while the process of making
artificial or factitious gems occupies one of the sections in Glass
Manufacture.
The word jewellery, however, has a wider sense than this. It com-

pri.se8 the settinij of precious stones, and also the manufacture of small

ornamental works in gold and silver, even when no precious stones are

employed in them. The line of distinction between a goldsmith and a
jeweller is not very marked, so far as the original meaning of the word
is concerned ; but there is a certain well-understood trade distinction.

Goldsmith's work, under the general name of plate, comprises the

articles which are stamped at Goldsmith's Hall and similar places

;

while jeioelUry comprises the smaller articles which are not so

stamped.
There are great differences in the quality of the gold employed.

Absolutely pure gold being technically called " 24 carats fine," all

other gold is named according to the ratio between fine gold and the

alloy, estimated in 24ths. The alloy may be silver, or copper, or a

mixture of both. Old standard gold used to have, and sterliny gold

still has, 22 of gold to 2 of alloy ; new standard has 18 to 6. None
below this can receive the " hall mark," or Goldsmith's Hall stamp.

Gold of lower quality is often known by its value per ounce, as 60s.-

gold, 40«.-gold, &c. Gold as high as 22 carats can rarely be used in

jewellery ; it is too soft. The so-called Jine-gokl of the jewellers is now
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aauallj tbout I< otnU ; if maant to imply Uiat tba gold is para, tho

mrd H of oourae, k deoeption. Tba annouDoeiiiaiit in ihop-winiowi,
" nne eold chains, woigfaing 5 aoTcreigna each, for 51.," \i little leas

than a fraud. Indeed, aa ordinary purchasers have no means of testing

the quality, tbera is soareelT any lunit to tho debasement of the metal

employed. Plate mtut not be below a certain standard ; jewelleiy SMy
be, and M—in other words, pare, itertutg, and tlandard gold have

dofinita meanings ; whereas, jmt and jemdUn' f^M have not. It will

thus be understood how gold ehaina, and such like articloi, vary so

muoh in ralue without rarying much in appearance. By using a little

Bion olver in the alloy, the tiut is heightened ; by using a UtUe mora
copper, it is deepened ; and thus the tint of pura, or nearly pura, gold

ean be very nearly imitated. A troy ounce of absolutely pure gold is

worth il. 4«. lllrf. ; of tUriing gold (22 caraU), U. \1». lOi.d ; of new
tiandard gold (18 oaraU), SI. St. 84</. ; uf 12-canit gold, 21. 2». B^J. ; of

8.aarat gold, II. Ss. S[d.—and so on ; therefore, the value of an ounce

of o.eaUed gold is wholly indefinite, unless the ratio of alloy bo

stated. Some jewellera' gold is as low as S carats, not worth more
tbsn about 9*. per ox. The makers of cheap chains, pencil.case8,

lockets, ftc., hare discorered that if sdnc be used instead of silver as an

alloy, the appearance is improved ; and thus the intrinsic value of the

gold is brought lower than ever.

Thara are many compositions and many imitations of gold, used by
artificera. A liquid gold is formed from a solution of tercbloriJe of

gold agitated with ether; it is tised for producing devices on steel, &.C.,

by leaving a costing of pure gold when dry. O'old brcmx, or gilding

powder, is often made on a small scale by grinding up gold-leaf with
honey. Dutch gold, also called pinchbeck and tombac, is made in

Holland and Prussia, by combining 11 parts of copper and 2 of zinc,

and rolling the compound into thin sheets. Grain gold consists of

nearly pura gold, employed in making various preparations. A facti-

(UNU gold, consisting of copper 16, platinum 7, and ziuc 1, presents

nearly the colour and appearance of gold of 16 carats. Mosaic gold is

made from bi-sulphuret of tin, or from various brassy compounds of

metals. Messrs. Hourier and Valient, in 1857, introduced an arlijiciai

gold for ornamental work, which is said to be fine-grained, malleaVjIe,

fuiiible for casting in a mould at a low heat, and susceptible of a good
polish. It consists of cupper 100, tin 17, manganese 6, sal-ammoniac

i, quicklime 2, and tartar 9.

The processes of jewellery, as a branch of goldsmith's work, need
no description ; they comprise small or fine examples of casting in

moulds, stamping with dies, wira-diawing, hammering and filing, bur-

nishing and hux]uering, &c.

Jemlling.—Jewelling, unlike jewellery, is a term wholly applied to

gems, and not likewise to working in gold. It is especially applied to

the jewelling of watches. This consists in setting diamonds, rubies,

ap^iiras, chrysolites, or other hard stooes, in the fnune-plates and
otAer parts of watches, in such a manner that the pivots of the watch

may act in holes made in these, stones. There are two kinds of jewelled

holes nect'ssary in watches, one of which is merely a perforation through

the stone ; the other consists of a perforated piece, and a piece called

n end-piece. The province of the watch-jeweller is to select tho

tones, and, except in the case of diamonds, to grind, polish, turn, drill,

and set them into the frames or other parts of the watch in such a

manner that the holes in the stones may correspond exactly in position

with holes previously made by the watch-finisher or escapement-maker.

A hole trilMut an end-piece is thus made. The hole in any piece to

be jewelled having been made in its proper place by the finisher, the

piece is so fixed in a Utho by tho jeweller that the hole shall be per-

fectly concentric with the centre of motion ; this hole is then enlarged

by tnming, and afterwards so formed that a small circle of brass wluch
contains toe stone, and which is called the setting, may have a cavity

to rest in, without the nossibiUty uf its going through the plate or

piece in which the hole has been made. After tho setting has been
fitted to the cavity, and adjusted so as to be flush with the plate, two
•crews ara inserted in the plate so near to the cavity which contains the
setting that the edges of the screw-heads project a small distance over
the edge of the setting, and thereby secure it in its place. When a
hole mth an cod-piece is required, the same process is adopted, but
two stones an required for each bole instead of one ; and the first, or
perforated stone with its sotting is sunk into tho cavity a sufficient

distance below the surface of the pUte to allow of the reception of a
econd setting, containing a stone which resembles in form a small
lice cut from a sphere about the size of a shot, its form being plano-

ooovez. The edge of this second setting is left flush with the plate or
pieoa in wUoh the cavity is made ; and two screws being inserted, as in

the former CMe, the two settings ara secured at once. In the holes

already deecribed the stones ara secured in their brass settings in a
manDar somewhat similar to that in which o|)tioians set many of their

glasses in telescopes : namely, by turning a place to receive the stone,

and laaviM a fine edge of brass, which is subsequently rubbed over
tba adgs of the atone with a burnisher. When a diamond end-piece
ii used, it ia osnally set in steel, into which it is brazed, the <liamond
baing a stoDawUob will allow of heat sufficient for that purpose. After
bmmg, the steal is turned into shape, polished, and blued.
Tha iqxMntui neoeasary for the jeweller to carry on his buainea*

consists of a small Uthe ; small gravers for turning brass and steel ; a
quantity of rough diamond in fragmests, technically tenned borl; miU

mills or oiroular discs of metal (usually copper) for grinding the stones
into shape ; diamond-powdar of various degrees of finenaai for polishing

;

and turning tooU made by cementing snudl pieces of bort into a notch
made in the end of small brass wires and fixed in proper handles. In
the praparation of a stone for a jewel-hole, it is neoeasary first to chaiga
a copper disc about the size of a penny piece, and out of which it is

frequently made, with bort ; the mill thus prepared is fixed unto the
mandrel of the lathe, which is put in motion by a band from a rather

large foot-wheel, the mill making from 6000 or 7000 to more than
20,000 revolutions in a minute, the latter velocity being given only in

the act of polishing. The stone to be formed is then tidcen on the end
of one of the fingers of the right hand and applied to the surface of the
bort-mill, which is kept constantly wet with water applied by the
fingen of the left hand, and in i^ few seconds a flat surface is produced
on a stone of the most irregular form ; the flat surface is then placed
next the finger, and a similar surface is produced parallel to the former,
until the stone is of such a thickness as is required. The stone is then
placed, by means of cement, on a small chuck in the lathe ; and with
one of the before-mentioned bort tools is tumei into the proper shape
for setting. The hole is also drilled either with a sted drill and diamond-
powder and oil, or with a drill made of bort or small fragments of

diamond. The piece of stone. Or hole, as it is called, is also turned
with a hollow, or countersink, to receive the oil necessary for the
lubrication of the pivot. The stone is afterwards detached from the

lathe, and its flat or parallel surfaces polished by rubbing it on a piece

of plate-glass, previously charged with a small quantity of diamond-
powder and oil. ^Mlen an end-piece is required the same process is

gone through, except that the drilling is omitted, and the spherical

side of the stone is polished by using a piece of brass with a hollow

end to suit the convexity of the stone. The jeweller also makes use
of a small spirit-lamp to heat the cement when he applies it for the

purpose of securing the stones upon the chucks in the lathe. The
end-pieces, when real diamonds ore used, are what are called rose

diamonds, and are procured from Holland, where they are cut.

It may here be added that small jewels, such as bits of ruby, are

sometimes used for tho nibs of pens ; and that diamonds, rubies, and
garnets, are made into exquisitely minute lenses for microscopes.

JEW'3-UAKP, a musical instrument of the simplest and rudest
kind, consisting of an iron frame, resembling in form the handle part

of an old-fashioned corkscrew, in the centre of the upper and wide part

of which is riveted at one end an elastic steel tongue, the extremity of

which, at the free end, is bent outwards to a right angle, so as to olluw

the finger cos ly to strike it when the instrument is placed to the

mouth and firmly supported by the pressure of the parallel extremities

of the frame against the teeth.

Mr. Whcatstone has shown that the sounds of the Jew's-harp mainly
deiiend on the reciprocation of columns of air in the mouth ol the per-

former, and that these sounds are perfectly identical with the multiples
of tlie original vibrations of the instrument. Hence its scale must
necessarily be very incomplete; but by employing two or more instru-

ments the deficiencies ore supplied. Some years ago, an ingenious
foreigner, M. Eulenstein, exliibited in London, at the Kuyol Institution,

and afterwards at various concerts, his very extraordinary taleut on
the Jew's-harp. He used sixteen instruments of dilferent sizes, and
was thus enabled to modulate into every key, and to produce effects

not only original, but musical and agreeable.

JEWS ('lavScuoi smdjadai in Greek and Latin, Jefiudim in Hebrew),
in its widest acceptation, is used as synonymous with Hebrews, or
Israelites, but in a more restricted sense it means the inhabitants of

the kingdom of Judtca as it existed in the time of Jesus Christ, and
whose descendants an) now scattered over all the world. The history

of this people previous to the time of Christ is contained in tho Old
Testament and in Josephus, and need not bo repeated here. The
resistance made by the Jews to the power of Home resulted, first, in

the dominion of the Asnionoan princes, of whom an account will bo
found imder Asmoneans, in the Biou. Div.; and, later, in their having
been forecd by tyranny into rebellion, in the destruction of the Temple
by Titus. The Jews then became a dispersed ])eoplo ; and, therefore,

from about the time of the birth of Our Saviour we give a slight sketch

of their history. It has to bo observed, however, that the character of

the Jews had undergone a considerable change during their liabylunish

captivity. They had become more exclusively attjwhod to their

country and their laws, and we hear no more of their proneneas tu

idolatry after that epoch, as in former times. They strictly avoided
intermarriage with .foreignere, and assumed in every respect that

unsocial spirit towards all except their own commmiity for which they
have been so often reproached. Adversity had soured their minds,
while the expectations of a Messiah who was announced by their

prophets roused the national pride. The doctrine of the immortality
of the soul, which is not mentioned in the Mosaic law, was also

introduced, e8i)CciaUy among the great sect of the Chasadim, or

Pharisees.

The lost of the Asmoneean dynasty was put to death by Herod, sou
of Antipater tho Idunuean, who, with the support of the Itomous,
became king of JadcaB.c. 88. [Heboo tos Qbbat, in Biuo. Oiv.j

He died in tho same year that Christ was bom, although in the com-
mou chronology the birth of Christ is placed four years later. With
Herod the independeuoe of Judeoa may bo said to We espiied. Uia
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son Arohelaus was appointed ethnarch o! JudaBa Proper, Idumaea, and

Samaria ; hia brother Herod Antipas had Guldee and Penea ; to Herod

Philip were given the provinces of Trachouitis, Batan^a, and Gaulonitis,

east of the Jordan ; and another PliiUp had Ituraa. Thus the domi-

nions of Herod were dismembered between four of his sons, who are

accordingly styled Tetrarchs in the New Testament. Archelaus was

Bununoned to Home after a reign of nine years, to answer certain

charges brought against him by his subjects, and was banished by

Augustus to Vienne in Gaul. Judtea thus became a Roman province,

or rather a district dependent on the great province or prefecture of

Syria, though administered by a special governor, a man usually of the

Equestrian order. This is the state to which Judiea was reduced in

the time of Our Saviour. The Jews, however, continued to enjoy the

exercise of their religious and municipal liberties.

Under thercign of Claudius, Herod Agrippa, grandson of Herod the

Great, who had been already appointed by Caligula ethnarch of Galilee,

was appointed king of Judaia and all the former dominions of his

grandfather ; but he died three years after, at CiEsarea in Palestine,

A.D. 44. Tins is the Herod mentioned in chapter xii. of the Acta. His

son, called likewise Herod Agrippa, was then a minor, and Juda;a

relapsed into a Roman province. In a.d. 53 Claudius gave to Agrippa

the provinces east of Jordan, which ha<i belonged to Philip the

Tetrarch, and Nero added to them part of Galilee. But Judaea and

Samaria continued to be administered by Roman procurators. Herod,

however, was entrusted by the emperor with the superintendence of

the Temple and the right of appointing and deposing the high-prieat at

Jerusalem, and he occasionally resided in that city, while the Roman
governor generally resided at Ca;sarea. This second Herod Agrippa is

the one mentioned in Acts, xxv., xxvi., there styled King Agrippa,

whom St. Paul addressed in so impressive a manner in bis defence.

Agrippa was present at the final catastrophe of Jerusalem.

A succession of more than usually rapacious Roman governors

—

Felix, Albinos, and Florua—had driven the Jews to the verge of

despair. A revolt took place, beginning at Cassarea, which was only

terminated by the taking of Jerusalem in a.O. 70. Still the Jewish

population was by no means extirpated from the country, and we find

them rising in vast numbers in the reign of Hadrian, and again

engaging the Roman legions commanded by Severus. They were how-
ever overpowered with immense slaughter, and the second desolation

of Judsea took place.

The dispersion of the Jews over the world, which is commonly dated

from the destruction of Jerusalem, had in reality begun long before.

The Ptolemies had transplanted large colonies of them into Egypt,
Cyrene, and Cyprus ; and Antiochua the Great settled great numbers
in the towns of Asia. In the time of Cicero (' Pro Flacco ') there was
a wealthy Jewish community in Italy. A passage of Philo, in his

letter of Agrippa, enumerates the countries in which the Jews were
settled in the time of Caligula : Egypt, Syria, Pamphylia, Cilicia, the

greatest part of Asia Minor as far as bithynia, the shores of the Euxine,

Macedonia, Thessaly, .£toha, Attica, the Peloponnesus, Cyprus, and
Crete, besides the countries beyond the Euphrates ; for at the end of

the Babylonish captivity many Jews voluntarily remained in Mesopo-
tamia, where they continued to form for several centuries a considerable

community, alternately under the Parthian and Roman dominion.
Ascribing their continued misfortunes to the non-observance of the

Moeaical laws, the Jews now established schools for the stricter incul-

cation and study of them ; and that of Tiberias was particularly cele-

brated. From these schools issued the Mishna and the Gemara ; the
lirst by Rabbi Jehuda, the second by Rabbi Ascha and his disciples

;

the whole forming the Babylonian Talmud. Many learned Rabbis
distinguished themselves as opponents of the constantly increasing

Chriiitian faith. When the Eastern Empire had adopted Christianity,

the Jews, who had hitherto lived undisturbed, were placed under many
restrictions. They were forbidden by Constantino to receive Christian
converts, or to possess Christian slaves. Under Constantius, his suc-

cessor, a tumult in Alexandria, in which they were implicated, led to

fresh enactments against them, and to additional taxation ; and sub-
sequently Tiberias was burnt, and the school destroyed. Under Julian
they were favoured, and he proposed to restore the temple, a project
never completed. His successors renewed the severities against them,
and in a.O. 41S, after a tumult, 100,000 Jews were expelled from
Alexandria.

Theodoric and the other Gothic kings of Italy protected the Jews.
During the frequent wars and invasions of that period, the Jews had
the slave-trade of Europe in a great measure in their Lands; and
Pope Gregory I. and several councils interfered to prevent their abusing
the power which they had thus acquired over the persons of Christians.

That wise and humane pope, in his pastoral letters, bewails and de-

nounces this traffic, which was carried on in Italy, Sicily, Sardinia, and
France ; ho directs the bishops to interfere so as to ijreveut Jews from
retaining Christian slaves when a proper price was offered for them.
On another occasion he directs that those Christian slaves who had
been long in possession of Jewish landed proprietors should be con-

sidered as villains attached to the soil, and should not be transplanted
or sold away ; he also entreated the Frankish kings to banish the traffic

in slaven from their dominions.
Justinian was one of the first who enacted really oppressive and

intolerant laws against the Jews. One oi these laws declared Uiat all

unbelievers, heathens, Jews, and Samaritans could neither be judges,
nor prefects, nor fill any other dignity in the state ; and another
enacted that in mixed marriages between Jews and Christians the
chief authority over the children should rest with the Christian parent.

The Longobards in Italy maintained the severities that Justinian had
imposed upon the Jews ; and by the West Goths in Spain they were
forbidden to hold their sabbath or celebrate their Passover according
to the Mosaical law.

The Jews however were too numerous and strong to be annihilated
by imperial edicts : they had even the power of revenge. When
Chosroes II. invaded Syria, the Jews of Palestine rose to join the
Persians, with whom they entered Jerusalem, then a Christian city,

and perpetrated a dreadful slaughter of the Christian inhabitants.
They are said to have purchased at a cheap price the captives of their
allies the Persians, for the sake of murdering them. The victories of
Heracliua however put an end to their momentary triumph.
The rise of Mohainmedanism brought an unfavourable change to the

Eastern Jews. For a short period a Jewish dynasty was seated on the
throne of Yemen in Arabia, but it was dispossessed by a king of
Ethiopia, about the beginning of the 6th century. Jews however still

continued numerous in Arabia; Mohammed eudeavoured"at first to win
them over, but though at first they gave him some support against the
pagans, they would not acknowledge a descendant of Hagar the bond-
woman as the greatest of prophets, and Mohammed treated them with-
out mercy. Under the Caliphs his successors they were protected on
the easy terms of paying tribute, and as they made no resistance, they
experienced not only protection but even encouragement from their
new masters, whom they followed through their tide of conquest along
the coast of Northern Africa. They also contributed materially to the
triumph of the Crescent in the Spanish Peninsula. About the middle
of the 8th century, a sect of Jews separated themselves from the main
body, who were called Karastes. Their founder was Anan, who lived
in Babylonia. This sect, which disclaimed the traditions of the Rabbis,
and rejected the Talmud, spread itself widely through Palestine,

Egypt, Syria, and Arabia, and for many years had an acknowledged
chief, who dwelt at Cairo.

The intolerance the Jews had experienced in the Spanish Peninsula

'

from the Gothic kings had driven large numbers to the opposite shores
of Africa, whence many returned with the Saracen invaders ; and the
munificence of the Mohammedan princes towards them indicates that
by their knowledge of the country the Jews had been highly instru-

mental in advancing the conquest. In Moorish Spain the Jews had
really a golden age, which lasted for csnturies. There they cultivated

science and learning ; and the names of Benjamin of Tudela, Isaac of

Cordova, Hasdai, the confidant of Abderrahman, and a host of others,

attest their proficiency. Rodriguez de Castro (' Bibliotheca Espafiola
')

and Vicente Ximeno (' Escritores del Reyno de Valencia ') give notices
of the writings of the Spanish Jews. At the same time they were
thriving in the East under the caliphs of Bagdad, whose favour they
enjoyed, at least till towards the end of the 10th century; and in
Egypt, where they were protected by the Sultan Saladin, who em-
ployed the celebrated Maimonides as Lis physician.

Although at first partially employed by the Christian princes of
Spain on account of their financial and scientific abilities, the position
of the Jews became gradually more irksome as the Moorish power
declined. In 1391 an archbishop of Sevilla excited the populace
against them, and it is stated that of 7000 families, one half were slain,

while 200,000 were enumerated as real or pretended converts to
Chiistianity. Even these were not left in peace. The regular Inquisi-
tion establlsfaed under Ferdinand and Isabella undertook the task of
punishing all relapsed converts. As for the unconverted Jews, the
edict of 1492, made at the instigation ^of the Inquisitor Torquemada,
banished them all from the kingdom. The niunbcr of Jews thus
expelled from Spain has been vaguely estimated at half a million, and
even 800,000. They were allowed to carry away or sell only their
moveables. Few of them consented to embrace Christianity in order
to remain. Soon afterwards they were driven away from Portugal
also with circumstances of still greater barbarity. Many perished, and
others took refuge on the African coast. The expulsion of the Jews
and that of the Moors or Moriscoes drained Spain of its most useful
subjects. It was not till 1837 that even a slight amount of toleration

was granted to them ; but the numbers in the Peninsula even now aro
80 few that they are not given in the general estimate of the total

number of Jews ; which for Europe may be about 3,500,000, as the
' Almanach de Gotha ' for 1860, gives details amounting to 3,136,499,

and does not include Great Britain, Bavaria, Belgium, Electoral Hesse,
or Wurtemberg.

Charlemagne protected the Jews like his other subjects : they filled

municipal offices ; they were physicians and bankers ; and Isaac, a
Jew, was chosen by that emperor as his ambassador to Harun al Rashid,
caliph of Bagdad, a mission which was considered of the greatest

importance at the time. The Jews enjoyed the same or even greater

influence under Louis le Debonnaire and Charles the Bald, but
towards the end of the latter reign the clergy began afresh to show
their hostility. The Council of Meaux re-enacted the exclusion of the
Jews from all civil offices; but it was under the thifd or Capet
djTiasty that the Jews suffered actual persecution in France. PhUipijo

Auguste, pressed by the wants oi an empty exchequer, and perhaps
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•)> by Um rKporU of fuiatics, who charged the Jews with all •ort* of

orimM. banished, in 1180, >U the Jewi from hia duininioiu, oonfia-

oated their property, and declared all debts due to them to be annulled.

About twenty yean afterwards the Jews were allowed to re-enter

France, which they did in great numbers. This was the beginning of

• aeries of alternate prosoriptioDS and relaxations, continued under the

foUowinx reigns for about two centuries, until they were expelled

under Cnarlea VI. in IS94.- Although the laws continued very severe

against the Jews, and were sometimes invoked with much zeal, many
ccmtinued to reside in France. The Revolution of 1789 brought them
relief ; all Frenchmen were declared e<|ual ; and throughout the

political and constitutional changes which have since token place in

FiBace, their rights have been respected. Napoleon I. in 1806 assembled

a sanhedrim at Paris, and submitted to them twelve questions con-

cerning the moral and social doctrines and discipline of the Jews.

Their answers being found satisfactory, an ordinance was issued giving

the Jews a regular organisation throughout France. They are

subjected to the conacriptioii, and are assessed to taxes like the rest of

their countrymen : and they are eligible to all political employments, in

whidi some of tbem have reached the highest ranks. The Jews in

Fnmoe. in ISSC, numbered 73,995.

In Germany perhaps the Jews have suSertxl the most persecution,

although they have always been numerous there, especially in the free

towns. Besides the severities of the laws, they were exposed to

sudden bunts of popular fanaticism. They were massacred at the cry

of " Hep," " Hep," Uie initials of the word " Hieroeolyma est perdita."

St. Bernard and Pope Eugenius III. loudly reprobated these atrocities.

These persecutions almost of necessity drove them to the practice of

usury, as affording the best security against their oB'ecte being plundered

by a mob. In 1782 the writings of Lessing, Mendelssohn, and others

began to produce their effects, for in this year an Austrian edict for a

limited toleration was issued ; by 1 803 the capitation tax was removed
from them in all the states of the German empire ; by 1811 the rights

of citizenship bad been extended to them in most of the smaller

German states ; in 1812 they were placed nearly on an equality with
their fellow subjects in Prussia; by 183-3 this had extended to all the

other states ; in the disturbances of 1848 they were promised an entire

equality, but the promise has not been as yet fulfilled. The Jewish
population in Germany is large ; in the Prussian territories, in 1855,

they numbered 234,248 ; in the Austrian empire they amounted
to 853,304. Among the smaller states, ducal Hesse has the largest

proportion, there being 28,700 Jews in a population of 845,571.

In Itily the Jews seem to have enjoyed greater though not al^vays

imintcrrupted security. They were expelled from Naples and Sicily

by Charles V., although he afforded them a moderate amount uf

protection in the empire. But in the Italian republics and tradiuR

towns the Jews formed a numerous and prosperous body, from their

commercial aptitude, and more particularly from their trading inter-

oourxe with tne Levant. In the Papal territories they were sometimes
tolerated and sometimes persecuted; but here, as elsewhere, the

Keformation has worked in their favour. They were, however, con-

fined to a particuJar quarter in the towns, called the ghetto. Sardinia

permitted them to become possessors of landed ]>ro|>crty, and this

[irivilege, with others, will now be extended to a wider circle. In Italy

there are supposed to be 47,000 Jews.

In Holland, Denmark, and Sweden, more especially since the Refor-

mation, the Jews liavu lived undisturbed ; and in Holland they have

long formed a highly flourishing, numerous, honourable, and intelligent

community, amounting in 1 859 to 64,070 in number.
In PoUnd, Cacaimir the Great, about 1 360, afforded an asylum to the

Jews when they were being per»ccutc<i in almost every otner part of

Europe. Tbey became numerous, and diffused tLemselves widely into

Russia. Their united numbers in those states in 1858 is given

as 1,821,678; and though not in all respects on an equality with
the citizen, they enjoy many privileges, and are generally above the

erf. They are seldom cultivators, and in many districts have almost
entire possession of some pectdiar profession or trade.

Throughout the' dominions of the Sultan the Jews are allowed to

settle and follow their trades, though looked upon with scorn by the
Osmanleea ; and they number, it is stated, 300,000. In the regencies

of Barbary they have settled likewise in great number*.
(Jost, ' Allgemeine Oeschichte des Israelitiiichen Volkes ;

' Millman,
' History of the Jews ;

' Ersch and Gniber's ' Allgemeine Encyklopiidie
;

'

Mqrer's ' Grosse Conversations-Lexicon ;' ' Almanach de Gotha, 1860.
ft docs not appear at what time the Jews found their way to this

island, but they were settled here in the Saxon period, and as early as

a.D. 750. Frum the time of the Conquest the Jews in England rapidly
inerease<l in number. Under the first three Norman kings they lived

undisturbed, »u far as wo arc informed, and apparently acquired great

wealth. Bill under Stephen and his successors they sufiered grievously

from the rapacity of the kings and thafaigotod iiitalamMeaf th« people.
The cruel peraeoutions which they exparieaeed from all pemiuB, both
lay and ecclesiastic, poor and rich, are fully attested, not by their own
writers, but the evidence of their enemies. Finally, in the roign of
Edward I., about 1290, all the Jews were banished from the kin^om.
Their numbers at that time are conjectured (but on what grounds we
are not aware) to have been between 16,000 and 16,000. It was not
till after the Restoration, lC60,that the Jews sgain settled in Kngliuid ;

and though luider the I*rotectoratc they had entered into negociations

with Cromwell to obtain permission to enter the island, nothing seems
to have been done in the matter, and those who have investigated the
subject bring forward no proof of leave being formally granted to them
to return. After the Restoration it seems probable tlut they came in

gradually without either permission or opposition, and since that time
foreign Jews have been on the same footing as other aliens with respect

to entering the country. In the year 1758 an act was passed to enable
foreign Jews to be naturalised without taking the sacrament ; but the
act was repesled in the following sesidon, under the influence of the
popular feeling, which was most strongly ojiposed to the measures of

1753. Since that year they have lived in the United Kingdom un-
molestecL

During their residence in England, up to their banishment in the
time of Edward I., the Jews were considered as the villains and bonds-
men of the king, a relation which seems to explain the ]><>wer over
their persons and property which was assumed and exorcised by the
king in the most oppressive manner. They however could purchase
and hold land, subject only to the right of the king, whatever it might
be, to levy hea\'y taxes on tbera and seize their lands if they were not
paid- By the act of the 55th of Henry III. the Jews were declared
incapable of purchasing or taking a freehold interest in land, but
might hold, as in time past they were accustomed to hold, bouses in

the cities, boroughs, and towns where ~they resided. Another act,

3 Edward I., forbade Jews from alienating in fee, either to Jew or
Christian, any houses, rents, or tenements which they then had, or
disporing of them in any way without the king's consent ; they were
permitted to purchase houses and curtilages in the cities and boroughs
where they then resided, provided they held them in chief of the king;
and they were further permitted to take lands to farm for any term
not exceeding ten years ; such permission however was not to continue
in force for more than fifteen years from the dote of the act. Since
the time of their banishment no statute has been passed which in
direct terms affects the right of the Jews to hold real estates in

England ; and it has been a matter of dispute whether they could
legally hold such estate.

In March, 1828, the first step was taken towards their emancipation
by the Corporation of London rescinding their order of 1785, that
baptised Jews should not b« admitted to the freedom of the city.

From 1831 repeated Bills were brought into the House of Commons
for the removal of the political disabilities of the Jews, which iu 1836
and 1842 wore passed in the lower house but rejected by the Lords.
In August, 1846, however, an act was passed (9 & 10 Vict. cap. 69,

—

Religious Disabilities Relief Act), by which they were enabled to hold
lauded proi>erty, to endow schools and other charitable foundations,

and repealed the provisions as to their dress, the necessity of attemling
Christian worship, and as to their wearing a badge of yellow tatilt,!.

The next year another act legalised their marriages. In 1855 their

places of religious worvhi]) were placed on the same footing as those uf

Roman Catholics and Protcstaut Dissenters. By the Reform Act in

1882 they had been admitted to the exercise of the elective franchise

;

and by the 21 k 22 Vict. cap. 49, passed July 23, 1858, they were
made eligible for seats in Parliament, by the omission from the ustul

oath " on the true faith of a Christian," in any case where the person

elected shall declare himself to be a Jew.

The number of Jews iu the United Kingdom has been estimated at

80,000, which is probably under the real number. Of these, 20,000

are supposed to be in London ; wUle in Scotland and Ireland their

numbers are few. According to the Census of 1851, the Jews in

England and Wales had 63 synagogues, with accommodation for

8488 worshippers; in Scotland only one synagogue, accommodating
67 worshippers, at Edinburgh. They are also numerous in the

British colonies and in the United States of America. They are

to be found in every quarter uf the known world, even in Cluua ; and
in Morocco and other parts of Africa, as well as iu Asia, they are com-
paratively numerous ; while in very few places is there now any active

persecution sgainxt them or their faith.

•TIO, or GIOUK, an animated quick dance-tune, in six-eight time, to

be found in the sonatas of Corelli, Handel, and other composers till

towards the middle of the 18th centurj-. The jig, or at least the name,
is unknown in modem music ; though in a French work of recent

date, we are told that it ii still iu use in England,
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